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ABSTRACT 

EVOLUTIONARY STUDIES IN THE GENUS CUCUMIS 

The evolution of the wild and cultivated Cucumis species was 

studied by the analysis and comparison of (1) their morphological 

characte r istics, (2) their self-compatibility and intra- and inter-

specific cross-compatibility levels, (3) their basic chromosome num-

ber and meiotic chromosome behavior and that of their inter specific 

hybrids, (4) the variation, inheritance and geographical distribution 

of their electrophoretically dete ctable peroxidase isozymes, (5) their 

glutamate oxaloacetate transaminase isozyme patterns obtained after 

polyacrylamide gel electrophoresis, and (6) their peroxidase and 

est e rase banding patterns obta ine d after isoelectric focusing. Immu-

nological studies with antiserum to~ sativus peroxidases were used 

to determine the identity, partial or non identity of the antigenic de-

terminant sites of the Cucumis peroxidases . 

The genus can b e divided into a group of cross -compatible s pe-

c ies, distribute d over South, East and West Afri c a, and a group of 

cross - incompatible s pe e ie s, which includes the two ec onomically 

important species , C. melo and~- sat i vus, and three South African 

species. Ass species except~- sativus (x=7) have a basic chromo-

some number of x = l2. The cross-compatible group of species 
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contains two allote traploid, one autotetraploid and one hexaploid s pe-

cie s, all of which ar e perennial, five annual diploid (including~ 

angur i a) and two pere nn ial diploid species . Meiotic chro mo s ome 

studies of inters pe cific hybrids indicated that the diploid and polyploid 

species have one genome in common and that the hexaploid has two 

genomes in common with one allotetraploid species . Allotetraploidy 

was not accompani e d by an increase in the number of multiporate ( 4) 

pollen, but autotetraploidy and hexaploidy was. The annual species 

have the strongest cross-incompatibility barriers, the polyploid spe-

cies, with the exception of the autotetraploid, the weakest. Chroma-

somal rearrangements have exerted an influence on the evolution of 

the Cucumis species since one interspecific hybrid was heterozygous 

for a translocation and others had a reduction in bivalent chromosome 

configurations or pollen fertility. 

Most species d i splaye d a homozygous peroxidas e banding pat-

tern , character ize d by peroxidas e s at one to thr ee genetic loci (Px
1

, 

Px 2 and P x
3

). G e netic polymorphism was obser ve d at the P x
2 

locus 

in four species and at the P x
3 

locus in two species. The variant 

peroxidas e alle les we re codominantly inherited. Geographic variation 

in the Px 2 alle l es of~ melo, e ach represented by a cluster of three 

bands , could not be corre late d with variat i on in morphological charac-

ters and may have be e n the result of inbreeding or d ifferent i al selec-

tion pressures. An increas e in ploidy level had little or no effect on 

the activity or e lectrophoreti c mobility of the isozymes. 
lV 
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South Africa can be considere d as the primary gene center of 

the genus. Only species from the successful cross-compatible group 

moved northward t o establish s ec ondary gene centers. The phylo-

genetic relationships between the wild species is discuss e d . C. melo 

was found to be closer related to three annual South African species 

(£.: africanus, £.: le ptode rmis and~ myriocarpus) than to other 

Cucumis species. sat ivus was closer related to one annual (~ 

metuliferus ) and one per e nnial(~ asper) species than to other Cucu-

mis s pee ies . 

Fennechiena Kloen Dane 
Horticulture Department 
Colorado State University 
Fort Collins, Colorado 80523 
Spring, 1976 
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INTRODUCTION 

Systematic studies in the genus Cucumis have been based pri-

marily on variations in morphological characters, which are not only 

controlled by many genes with small individual effects, but may be 

greatly influenced by the environment, and have resulted in frequent 

mis classifications of Cucumis plant material. Mutations affecting 

morphogenetic processes have been used in population genetic studies 

but failed to characterize species or assist in tracing phylogenies . 

With the discovery of enzyme multiplicity and the refinement of 

biochemical techniques came the possibility of tl;te characterization 

of the genetic variation within and between species. Isozymic variants 

usually occur spontaneo usly, represent single gene products and are 

generally codominant, making it possible to equate phenotype with 

genotype. One enzyme which is highly polymorphic and ubiquitous in 

plant tissues is peroxidase. Its high turnover value, thermostability 

and monomeric structure make the enzyme uniquely suited as genetic 

marker. 

Speciation can be caused by geographic isolation of populations 

resulting in the development of reproductive isolation barriers and 

the selection for ecological divergence. It can occur gradually by 

changes in the structure or regulation of genes or instantaneously by 

structural chromosome changes or chromosome doubling. Since 
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polyploidy has exerted a major influence on the evolution of plant 

species, mitotic and meiotic chromosome studies of the wild and cul-

tivated Cucumis species are ext r emely useful. 

An understanding of the evolutionary behavior of the wild and 

cultivated Cucumis species may eventually result in an exchange of 

genes between the species and open a potential area o f variability for 

exploitation by plant breeders attempting to improve the cultivated 

Cucumis spe cie s . 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

LITERATURE REVIEW 

The G e nus Cucumis 

The genus Cucumis contains three cultivated species, ~- melo, 

the muskmelon or cantaloupe, ~- sativus, the cucumber, and~-

angur ia, the Wes t Indian ghe rkin , widely known as vegetables and 

many wild species, gro w n as ornamentals or known for their bitter 

medicinal or poisonous compounds . 

Phytogeographic and host-parasite relationships point to North 

East Africa, Arabia and the eastern Mediterranean area as the pr i-

mary gene center of the genus Cucumis. From this area s pee ies 

radiate d in several directions , establishing a secondary gene center 

of grassland species in South Africa, and a tertiary gene center in 

India, w ith the cucumber and i ts wild relatives as main representa-

tives (Le ppik , 19 66 ). The West Indian gherkin known in cultivated or 

semi-wi ld state in the West Indies, is considered conspecific to a 

wild Cucumis species, ~ - longipe s, indigenous to Africa. Meeuse 

(1 958) found slight morphologi c al diffe r e nces between his collections 

of the two s pee ies, obtained highly fertile F 1 and F 2 progenies upon 

cross - pollination, and concluded that ~- anguria is nothing more than 

a cultige n of~ longipe s , introduced into America by slave trade over 

3 00 years ago. The wild form was retained as variety longipes, the 
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cultivated as var iety angur i a o f~- anguria . Deakin e t al. ( 1971) sup-

porte d these conclusions be c aus e of successful hybr idization results 

be t we en _g__. angur ia var . angur ia (PI 19 64 7 7) and _g__. angur ia v ar. 

longipes (PI 282442), and Brown et al. (1 969 ) bec ause o f the identical 

leaf flavono id patterns of their collecti ons o f C. anguria and C. longi-

~ -
The or igin of the muskme lon re mains unres olve d . This highly 

polymorphic a nd large species is found wild in Africa, probably its 

primary g e n e center (de Candolle , 1882; Whitaker and Davis, 1962), 

and in India, Afghanistan, Turkey and Iran, where well -deve loped 

secondary gene centers oc c ur, although Filov et al . (1973) consider 

India as its area of or igi n . G enes for powdery mildew , downy mildew 

and Macrosporium resistan ce have all occurred in collections from 

India and Turkey, while c antaloupe mosaic tolerance and/ or resist-

ance w as found in material from Chin a and K or e a (Whitaker and Bohn, 

1954; Corle y , 1966). Whitaker and Davis (1962) consider the intro-

duction of Cucumis melo into Asia o f r elative ly late occurrence be-

cause of the lack of a Sanskr it name for the muskmelon, while F i lov 

et al. (197 3) bas e d their c onclus ion about the area of origin of this 

species on linguistic data . 

Most specie s ar e found in arid and se mi-arid regions, in 

deserts, ste ppes and savannah forests, while few prefer humid con-

ditions and d eep shade. One species, _g__. humifructus, is the only 

geocarpic member of the Cuc urb itac e a e. It is found almost 
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exclusively n e ar aardvark holes bec aus e of its dissemination depen-

dence on those animals. Although the cultivate d Cucumis s pee ie s 

have an annual gr o wth habit, many o f the wild species are perennial 

herbs. Their usual mode of sex ex pression is monoe cy or less often 

dio e cy, w hi c h makes the plants d epe ndent on pollinating insects for 

survival (Me e u se, 19 62). 

The fir st c ompr ehens ive monographic treatment of the entire 

genus w as presented by Cogniaux and Harms (1924), who dist inguished 

37 species bas e d on minute morphological d iffe rences be tween herb-

arium specimens. The number could later be reduced by taxonomists 

studying plants in their natural habitats . Meeus e ( 19 62) indentified 

17 Cucumis species in South Africa , Jeffrey (1967) 13 in tropical East 

Africa . Some discrepancies in their species classifications are 

apparent , in that~- prophe tarum (Jeffrey, 19 67) appears to be s imi-

lar to_g _ _. ze y he ri (Meeu se, 1962). The presence of_g_. melo and_g_ . 

s at ivus in the genus has been questione d . Pang a lo ( 19 50) propos e d to 

trans fe r~- melo to a separate g e nus M elo Adans . 

The ancestry of the cultivated Cucumis species has not y e t been 

established. Inte rspecific hybr idiz at ion studies of the cultivate d 

species failed to s ec ure hybrids at the t etr aploid as well as at the 

diploid le vel (Whitaker , 193 3; Batra , 1953; Smith and Ve nkat Ram, 

1954; Deakin et al ., 1971). A successful cross between C . melo and 

i2_. pubescens (Shanmugasundaram e t al., 1964), and~. melo and C . 

metuliferus (Norton, 1969) was re c orded , but appeared to be 
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intra-specific rather than interspecific (Deakin et al., 1971; Green-

leaf, 1974). Interspecific hybridization studies of wild Cucumis 

species indi c ated that s e ver al spiny fruited species : 

c . dipsaceus (PI 193 498) C. afr icanus (PI 282440) 

c. ficifoli us (PI 19 6844) c. heptadactylus (PI 282446) 

C. leptodermis (PI 282447) c. myriocarpus (PI 282449) 

c . prophetarum (PI 292396) c . zeyheri (PI 282450) 

we re relatively cross -fertile with and consequently related to .52_. 

anguria . The other species w e re cross-sterile with all other species 

and divided into three groups based on morphology (Deakin et al., 

1971). Cucumis metuliferus with its ring- mottled orange fruits with 

fleshy spines (so-called "horned cucumber") was placed in a separate 

group like .52_. sativus and its wild form, .52_. hardwickii. Three South 

African hairy fruited species, .52_. humifructus, .52_. dinteri and .52_. 

sagittatus were considered more closely related to each other and .52_ • 

melo than to any of the other species (Deakin et al., 1971) . A 

successful cross between .52_. anguria and .52_. humifructus was reported 

however, suggesting that .52_. humifructus may b e long to the cross-

compatible .52_. anguria group (Andrus and Fassuliotis , 1965). 

Chromatographic flavonoid patterns of leaf extracts of 21 Cucu-

mis s pee ies failed to conform with groupings based on morphology, 

but indicated species specific patterns. C. melo was found to have 

many flavonoids in common with: 
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C. hookeri 

C . myriocarpus 

7 

C . h e ptadactylus 

C . leptodermis 

and C . angur ia' s flavonoid pattern showed many similarities wi th that 

of: 

c. dipsaceus C . d interi 

c . ficifoli us C . membranifolius 

c . prophetarum C . pustulatus (PI 280231) 

c . zeyheri 

Cucumis metulife rus, ~- humifructus and~- hirsutus we r e clearly 

different in chr omatographi c pattern from each other and the other 

species. The flavonoid pattern of C. sativus w as similar to that of 

C. hardwickii and~- trigonus (Brown et al., 1969) . 

Unsuccessful hybridizat ion results betw een the cucumber and 

all other Cuc umi s species can be explained by a difference in basic 

chromosome number. While the other cult ivat e d and wi ld African 

spec ies have a basic chromosome number of x=l2 (Table 1), ~ -

tivus and its relatives have 2n=l4 chromosomes (Kozuchov, 1930 ; 

Whitaker, 1930 ; Shimotsuma, 1965; Singh and Roy , 1974). Meiotic 

division in the d iploid species of Cucumis was found to be normal, 

with the formation of 7 II in pollen mother ce lls of~- sativus, and 12 

II in pollen mother cells of the other s p ecies (Shimot s uma, 1965). 

Since the f .. : sativ us c hromosomes, ranging from 2-4 . 5 µ (Tri-

vedi and Roy, 1970 ; Turkov e t al., 1974) are longer than the~- melo 

chromosomes ranging from 1.2-2 .5 µ (Trivedi and Roy, 1970), and 
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Table 1. Chromosome number of wild Cucumis species . 

Species 

C. africanus 

C. angolens is 

C. anguria 

C. asper 

C. dinteri 

C. dips aceus 

C. ficifolius 

C. figarei 

C. hardwickii 

C. heptadactylus 

C. le pt oder mis 

C. metulife rus 

C. myriocarpus 

C . prophetarum 

C. zeyheri 

Chromosome 
Number 

2n=24 

2n=24 

2n=24 

2n=24 

2n=24 

2n=24 

2n =48 

2n =24 

2n =l4 

2n =48 

2n =24 

2n=24 

2n=24 
\ 
2n=24 

2n =24 

Literature Reference(s) 

Shimotsuma (1965) 

Shimotsuma (1965), van Elden(l966) 

Whitaker (1930), Kozuchov (1930), 
Shimotsuma ( 1965), van Elden 
(1966), Singh and Roy (1974) 

Shimotsuma ( 1965 ), van Elden ( 19 66) 

Shimotsuma(l965),van Elden (1966) 

Kozuchov (1930), Singh and Roy 
( 197 4) 

Shi mots uma ( 19 65 ), van Elden ( 19 66) 

Shimotsuma (1965), van Elden (1966) 

Shimotsuma (1965), Singh and Roy 
(1974) 

Shimotsuma(l965),van Elden (1966) 

Shimotsuma (1965) 

Kozuchov ( 1930), Shimotsuma 
(1965), van Elden (1966) 

Kozuchov (1930), Whitaker (1930), 
Shimotsuma ( 1965), van Elden ( 1966) 

Kozuchov (1930), Shimotsuma 
(1965), Trivedi and Roy (1970) 

Shimotsuma (19 65), v an Elden 
(1966) 
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have more secondary constrictions, Levitsky's theory of chromosome 

fragmentation has been proposed to explain the difference in basic 

chromosome numbe r (Whitaker , 1930 ; Kozuchov, 1930 ; Bhaduri and 

Bose, 1947) . According to this view, the chromosome breaks at the 

secondary constriction region and the newly formed acentric fragment 

develops a new centromere, thereby stabilizing itself. Trivedi and 

Roy (1970) and Singh and Roy (1974), however, suggested that the 

origin of the basic number of x =7 from 12 may be considered a more 

likely process since it does not involve the formation of a new centro-

me re. It is thought to occur by tranpos it ion of a small chromosome 

with a subterminal centromere to another chromosome followed by 

the degeneration of the centromere into a secondary constriction . 

Such a process may operate by unequal trans location and loss of an 

inert heterochromatic centromere . 

Tetraploidy has been reported in natural populations of _g__. melo 

and~- sativus (Shifriss, 1942, 1950; Lozanov, 1972) at a frequency 

of l /5000 to 1/ 10000 in _g__. sativus varieties (Shifriss, 1950). The 

spontaneous formation of autotetraploids may have been associated 

with the occurrence of polysomaty. Kozuchov (1928) found that ex-

posure of _g__. sativus seedlings to high or low temperatures resulted 

in the formation of tetraploid cells, while Ervin (1939) found polysom-

aty not merely occasionally as the result of temperature fluctuations 

but of regular occurrence in the per ible m of root tips of _g__. melo 

varieties. The formation of polysomatic cells was thought to be 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

10 

caused by a chromes ome doubling of resting nuclei, since no spindle 

abnormality or failure of chromosome separation at metaphase oc-

curred (Erv in , 19 4 1). T e traplo idy in cucumbers, naturally occurring 

or artificially induced with colchicine, resulted in stunted plants with 

large dark green strongly serrated leaves, a vigorous growth habit, 

shorter and thicker but significantly less fruits and reduced fertility 

(Shifriss , 1950 ; Grimbly, 1973) . Their fertility was reduced because 

of meiotic irregularitie s and a higher sensitivity of the 2x pollen to 

minor temperature fluctuations (Shifriss, 1950). Their chance of 

survival under present environmental cultivation conditions appeared 

very small. 

Although polyploidy is considered of rare occurrence in the 

genus Cucumis (Kozuchov, 1930 ; Whitaker and Davis, 1962), tetra-

ploidy was reported in~- ficifolius, described as a perennial mono-

ecious herb w idely distributed in South and East Africa and in _g__ . 

heptadactylus, a perennial dioecious species of South Africa (Shimot-

suma, 1965) . A common criterion used in distinguishing auto- from 

allopolyploids is the freque ncy w ith which the chromes omes as soc iate 

at meiosis in quadrivalents and trivalents instead of the usual bivalent 

pairing. The homologous chromosomes of an autoploid do not always 

form multivalents at meiosis, however, since this is dependent on the 

chiasma frequency of the chromosomes, which in turn is dependent 

on the chromes ome length and is partly genetically controlled. Also, 

the amount of chromosomal differ e ntiation needed to build a hybrid 
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sterility barrier between species may be far less than that required 

to prevent chromosomes from pairing in interspecific hybrids . Al-

though alloploids usually exhibit preferential pairing of homologous 

chromosomes, multivalent configurations can be formed by pairing 

of homologous and partly homologous or so- called homoeologous 

chromosomes (Stebbins, 1971). The tetraploid _g_. ficifolius showed 

24 II or 23 II+ 2 I at metaphase I, and _g_. heptac;lactylus showed 

various combinations of hex avalent, quadrivalent, trivalent, bivalent 

and univalent chromosome configurations at metaphas e I, but normal 

24-24 anaphase chromosome distributions (Shimotsuma, 1965). 

A kind of structural chromosome rearrangement with pro -

nounced effects on gene linkage relationships and evolution is a seg-

mental interchange or reciprocal trans location, which is the result of 

a breakage and exchange of non-homologous chromos omes. Tr.anslo-

cation heterozygotes can be detecte d cytologically by the presence of 

multivalent chromosome associations at metaphase I. Abnormal 

segregation of whole chromosomes or unbalanced combinations of 

chromosomal s e gments to the gametes can result in semi-sterility or 

50% pollen abortion (Burnham , 1962). Cytogenetic studies of Cucur-

bita (We iling, 1959) and Citrullus (Shimotsuma, 19 63) s pee ies indi-

cated the prese nce of quadrivalents and trivalents in some interspe-

cific hybrids suggesting that chromosomal r e arrangements may have 

played an important role in the evolution of species in the Cucurbita-

ceae . 
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Polyploids can ar ise from polysomatic cells or unreduced 

gametes, often visible as larger pollen grains (Burnham, 1962). 

Funke (195 6) found the number of germ pore s per pollen grain to be 

an effective s e lection techn ique for tetraploid plants. Diploid 

Solanum, Anthirrhinum, Trifolium, Nicotiana, and Bras sic a s pee ies 

had 3-porate pollen, while their natural and artificial tetraploids 

showe d 3- 6 pores per polle n grain. Maurizio ( 195 6) reported similar 

results in other plant species . The phenomenon w as more pronounced 

in auto- than alloploids (Funke, 1956). ~- melo pollen are tricol-

porate and structurally similar to ~- s ati vus pollen but smaller. An 

increase in ploidy level was found to be associated with an increase 

in pollen grain size and sterility (Wanjari and Phadnis, 1973) . 

The relationship between mode of sex expression and fruit shape 

has been studied in C. melo varieties. Although~- sativus varieties 

are monoecious, _g_. melo v arieties are monoecious or andromono-

ecious, containing staminate and pistillate or staminate and perfec;:t 

flowers respective ly. C. melo fruits derived from perfect flowers 

are spherical in shape (Wall, 1967; Kubicki, 1969). The inheritance 

of fruit shape was studied and found to be conditioned by two codomi-

nant alleles at one locus with round fruit codominant to elongate and 

oblong as the inte rmedi ate fruit form (Bains and Kang, 1963). Al-

though Kubicki (1969) reported that the perfect flowers usually fail to 

envelope the stigmata and can be easily pollinated by insects, Malini-

na (1972) examining 500 forms of~- melo found that 63% of the plants 



• 

• 

• 

• 

• 

• 

• 

• 

I 

• 

I 

13 

contained stigmata which were completely covered with stamen and 

consequently tended to breed true. Filov et al. (1971) noticed self-

poll ination in 70 % of the m e lon varie ties. Andromonoecious cucum-

bers are not cultivated becaus e of ovary underdevelopment and 

altered ovary and fruit shapes (Kubicki, 1969). 

The perfect flower condition of C. melo and C. sativus plants is 

considered the most primitive form from which the pistillate flowers 

were derived by a single dominant gene mutation (Kubicki, 1969). 

Hermaphroditism prevails in 90% of the plant species, with only 7% 

monoecious and 3% dioecious species . The dioecious species do occur 

in 75% of the plant families, however, and the vestigial organs of 

opposite sex found in monosexual flowers suggest them to have origi-

nated from bisexual flowers (Westergaard, 1958; Kubicki, 1969). 

This indicates that monoecy and dioecy in the genus Cucumis must 

have arisen relativ.e ly recently w ith dioecy probably derived from 

monoe cy (Kubicki, 19 69). 

Is ozymes, Spe ciation and Evolution 

The process of evolution consists of a gradual accumulation of 

small changes in physiology, morphogenesis and behavior of the 

organism. Mutation and gene recombination generate the genetic 

variability underlying the evolutionary process. Determination of 

the amount and patterns of genetic variation in natural and 
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experimental populations has bee n a major problem in population 

and evolutionary gene tics. 

The class ica l theory ass e rts that a species is essentially homo-

zygous for "wild-type" alle les and that natural s e lection will act to 

fix these opt ional alleles and remove d e leterious mutations . A funda-

mental reason for maintaining this view is related to the problem of 

genetic load in that too much vari ability le ads to excessive genetic 

loads (Kimura and Ohta , 19 71). 

According to the balance theory, a population contains a large 

a m o unt o f potentially adaptive genetic variation with the heterozy go-

sity being maintained by various forms of balancing selection (Lewon-

tin, 1974). Speciation must a w ait the occurrence of new adaptive 

mutati ons, according to the classical viewpoint, while the balance 

h ypothesis assumes that genetic variation is always present and that 

it a waits bioge ographic and ecologi cal events . 

Evolutionary significant genetic variation was estimated by 

studying morphological characte rs, which are not only controlled by 

many g e nes with small indi vi dual effects but may also be greatly in-

fluen ce d by environme ntal fluctuations, or some rare recessive 

mutants, which yield morpholog ic al changes but are unlike ly to form 

a representat ive sample of gene effects (Mayr, 1970). Natural selec-

t ion experiments remain the strange st evidence of wides pre ad genetic 

variation for genes of adaptive significant characters ( L e wont in, 

19 7 4) . With the introduction of isozyme techniques to the study of 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

15 

natural populat ions c ame the possibility of the characterization of 

genetic variation. 

The term isozyme, fi rst introduced by Markert and M~ller 

( 1959), r efers to multiple molecular forms of an enzyme with similar 

or identical substrate spe cific i ty occurring in the same organism. 

Enzymes with broad substrate specificity were temporarily excluded 

from the de finition but r ecent investigations of esterases and peroxi-

das es showed their isozymic nature (Scandalios, 1974). The principal 

kinds of molecular multiplicity known to generate isozymes are: 

1. conformational changes generated by permutations of 

polymer subunits or alternate tertiary c9nformations; 

2. secondary modification of the polypeptide by a variety of 

chemical and physical means, i.e. binding of a single poly-

peptide to a varying number of coenzy.me molecules or other 

prosthetic groups, by conjugation or deletion of molecules 

with react ive groups of amino acid residues of the polypep-

tide chain; 

3. mutation, and gene duplication with subsequent divergence 

by mutation result ing in molecule s with differences in pri-

mary structur e c ode d by allelic or nonallelic genes respec-

tively. 

Polymeric enzymes, composed of more than one polypeptide chain, 

may form polymers of different size if the state of aggregation of the 

enzyme is influenced by the presence of small molecules or assemble 
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to form homo or heteropolymers with subunits of identical or differ-

ent pr imary structure respect ive ly (Whitt, 1967; Markert and Whitt, 

1968). 

The o ccurrence of e n zyme multiplicity is widespread among 

plants and an imals, indicating that isozymes are the rule rather than 

the exception as originally thought. Isozymes offer important advant-

ages ove r c onventional characte rs as g e n e tic marke rs . I s ozymic 

variants frequently oc cur spontane ously and seldom produce d e leteri-

ous effects. Variant alleles r e present single gene products and are 

generally codominant, making it possible to equate phenotype with 

genotype and identify heterozygotes as well as homozygotes in single 

individuals (Scandalios, 1969, 1974, 1975; Lewontin, 1974) . 

Large amounts of electrophoretically detectable genetic varia-

tion have been dis covered in natural populations of many organisms. 

Sexually reproducing animal species were found to be polymorphic 

for 30 - 40% of their genes with individuals within the species hetero-

zygous for about 10% of thei r loci. Approx imately 31- 54% of the loci 

examined in Avena species were polymorphic (Allard e t al., 1971), 

and genetic v ariation in haploid~- c oli was found to be not ve ry dif-

ferent from that obs e rve d in many diploid species (Milkman, 1973) . 

S ince electrophor e sis d e tects only a small fraction of allelic substi-

tut i ons at a locus , it was c onclude d that many loci are polymorphic 

and heterozygos ity is h igh ( Lewontin, 197 4 ). The quest i on remains 

whether the is o zymes confer diffe r e nt fitnesses on the individuals in 

which they are functioning or are physiologically irrelevant . 
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The n e oclassical, n e o-Darwinian , is oallelic or neutralist theory 

assumes that the majority of molecular mutations participating in 

evolution are n e utral or indifferent to the act ion of natural selection. 

Their fat e is controlled by genetic drift due to random sampling of 

gametes i n reproduction. The theory is a renewed version of the 

classical theory since it assumes that a large fraction of newly 

arising mutations are d e leterious and eliminate d by the process of 

natural selection . The rate o f evolutionary change is believe d to be 

independent of environmental fluctuations and population size (Kimura 

and Ohta, 1971; King and Jukes, 1969). 

The alternative or "se lection11 hypothesis asserts that the poly-

morphism of populations is a consequence of balancing forms of 

natural selection, es pee ially hete ros is . Hete r o zygote excesses have 

been observed at a number of polymorphic loci (Marshall and Allard, 

1970; Powell, 1975). Hybrid catalase and alcoholdehydrogenase 

isozymes of maize generated by allelic or non-allelic interactions 

showed improved physi c o - chemical characters over the parental 

molecules (Scandalios et al. , 1972 ; Felder and Scandalios, 1973). 

The neutralist the ory predicts that patterns of alle lic frequen-

c i.es should gradually dive rge in separate populations and genetically 

isolated populat ions should have differe nt sets of allelic frequencies. 

Also, when geograph i c variat i on in allelic freque ncies is found, it 

should not b e c orrelated with environmental factors. Contrary to 

the predi ction , wid ely separate d Drosophila populations were found to 
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have similar allelic frequencies and showed no geographic differentia-

tion, which c ould not be explained by migration or gene flow between 

the populati ons or by diffe rent mutation rates of adaptively equivalent 

alleles (Lewontin, 1974; Ayala , 1974). Studies with Peromyscus 

polionotus, the beach mouse, revealed less heterozygosity but more 

heterogeneity in peninsular geographically isolated populations of 

Florida than populations in the mainland of the state, pointing to iso-

lat ion and random fluctuation in gene frequencies (Selander et al., 

1971 ; Lewontin, 1974). Marginal Drosophila populations appear to be 

as heterozygous as central ones des pite great differences in chrome -

somal polymorphism and despite association of alleles with inversions 

(Lewontin, 1974). This has been related to the temporal instability of 

the marginal environments. A correlation of allelic composition and 

climate was detec t e d in Avena barbata (Allard et al., 1972) but thought 

to b e caused by a linkage effe ct with unknown alleles under selection 

pressure (Lewontin, 19 74). 

Increases in environmental heterogeneity have been correlated 

with increases in enzyme multiplicity (Bryant, 1974). Powell (1971) 

showed that the degree of isozyme polymorphism maintained in ex-

perimental populations of Drosophila willistoni was d irectly propor-

tional to the degree of environmental diversity experienced by the 

populations. Allelic frequencies of serum esterases of fresh water 

fish Catastomus clarkii were found to vary with latitude because of 

markedly differ e nt temperatur e regimes of the esterase isozymes 
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(Koehn, 1969). Somero (1975), however, found that fishes in stable 

and highly variable temperature habitats did not differ in amount of 

enzyme polymorphism. 

The degree o f enzyme multiplicity has also been investigated in 

relat ion to the metabolic function of the enzyme. Loci coding for 

enzymes of animal and insect species which act on substrates origi-

nating external to the organism were found to have the highest degree 

of variation followed by regulatory enzymes followed by non-regulatory 

enzymes a cting on substirates produced internally (Johnson, 1974). A 

correlation between enzyme multiplicity of metabolically related 

enzymes was found in 22 plant genera (Sing and Brewer, 1971). Such 

a regular pattern is highly unlikely if variation is adaptively insignifi-

cant. 

The demonstration of ontogenetic, subcellular, tis sue and meta-

bolic specialization of isozymes lends strong support to their biologi-

cal significance. Furthermore, isozymic f orms are kno w n to have 

somewhat di fferent kinetic properties, implying that isozymes have 

been tailored by evolutionary pres sure s to fit the requirements of 

the cells metabolic machinery (Markert , 197 5). 

Elect rophoresis, however, does not detec_t all mutations but 

only those that cause differe n ces in the net electric charge of the pro-

tein molecule, whi ch is around 22% of all possible amino acid substi-

tutions (so called type III mutations). Approximately 32% of the 

nucleotide bas e changes do not result in changes in amino ac ids (type 
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I mutation) and 4 6% of nucleotide base changes do result in changes in 

amino acids but do not change the net electric charge of the protein 

(type II mutation) (Powe ll, 1975). A gene coding for a protein mole-

cule c ontains c o varion s i.tes ( c oncomitantly vari able codons) which are 

free to vary and still produce functionally acceptable proteins. Not 

only are mutations restricted to these sites, but chemically similar 

amino a cids are usually substituted by these sites (Clarke, 1970) 

which is indicative of selective restraints (Powell, 1975). 

Little is known about the adaptive nature of much of the potential 

variation and evolutionary important nucleotide base changes below 

the resolving power of the electrophoresis technique. Evolution is 

probably controlled by both stochastic and deterministic processes 

(Powell, 1975). 

Speciation is thought (Mayr, 1970; Stebbins, 1971 ; Lewontin, 

1974) to be caused by geographic isolation of populations. It restricts 

the amount o f gene exchange betwee n populations and results in eco-

logical divergence and the development of a certain degree of repro-

ductive isolation. The second stage of speciation occurs if isolated 

popluations c ome into contact. It is a ss o ciated with a reinforcement 

of the reproductive isolation barriers and selection for ecological di-

vergence . The continuous evolution and divergence of species inde-

pendent of its si bling species is considered the third stage of specia-

tion (Mayr , 1970; Lewontin, 1974). The the ory implies that the 

species are the evolutionary units and that the se units are held 
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together by g ene flow. Ehrlich and Rave n (1969), however, showe d 

that g e ne flo w is muc h more r e stricte d than originally thought and 

that se lection is the p rimary c ohesive and d isruptive for ce in evolu-

tion. Populations will differentiate if they ar e under d ifferent sele c-

tion pres sures. The lo c al inte rbree ding population is c ons idered as 

the evolutionary unit (Ehrli ch and Rave n, 1969). 

Most o f the analyses of genetic differen ces betwee n s pecie s have 

concentrated on the m orpholog ical characte rs us e d to different i ate 

them and their isolation mechanism, kno w n to be controlled by a large 

number of ge netic factors with small effects (Mayr, 1970). A study of 

proteins in ten Drosophila species of the virilis gr oup revealed a 

direct correlation between protein similarity and cytological or 

morphological similarity (Hubby and Throckmorton, 19 65 1 1968). 

Each species was found to contain approximately 14% "unique" pro-

teins and species d ivergence was thought to involve 20 -3 0% of the 

g e n e pool . Sibling specie s had 50% o f their loci in common, non-

sibling species 18%. Alle li c freque ncy patterns of t w o closely r e lated, 

cytologically similar Dros ophila species sho we d very little differen-

tiation in gene fre quencies (Prakash e t al. , 1969 ). Ayala's (1974) 

studies also indicated la c k of allele fixation in a species but show ed 

d istinct species similarities and differ e nces. It suggests that only a 

small portion o f the genome may be in v olve d in the for mat ion of 

sibling species (Gottlieb , 1972 ) . 
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Ten herbace ous Datura species had unique leaf peroxidase iso-

zyme patt e rns but their diverg e nc e based on c ross - compatibility 

studies c ould not be c orrelate d with the is ozyme data . Three cross-

compatible species were quite d iffe r ent in isozyme patte rn while one 

spec ie s k n own to be c ross- incompatible with all other Datura species 

and distinctly different in morphology had many bands in c ommon with 

three othe r s pecies (Conklin and Smith, 1971). Agreement betwee n 

phyloge n e tic r e lationships based on conventional methods of s y stem-

atics and iso z yme banding patt ern was obs e rved for Nicotiana (Smith 

et al., 1970), Ae gilops (Waines, 1969), Lupinus (Scogin, 1973), and 

many other species (Peirce and Brewbaker, 1973), but intraspecific 

variation exceeded interspecific variation in Gossypium species 

(Cherry et al., 1970) indicating that the preponderance of genetic 

differences betwee n clos e ly related species is latent in the polymor-

phism x ist ing w ithin the spe cies (Lewontin, 1974) . 

Gene e v olut i on does not only i nvolve changes in the structure of 

the gene but also change it s regulation. King and Wilson (1975) found 

human proteins to be on the average 99% identical to chimpanzee 

proteins and suggested that chang es in ge ne r e gulation rather than 

changes in structural genes are the key to anatomical evolut ion . T w o 

kinds of changes in DNA c an alte r the patt e rn of ge n e regulation, i . e. 

changes in nucleotide seque nces c od ing for r egulatory D NA segments 

and changes in the organiz ati on of genes on chromosome s . Examples 

of change s in regulatory D NA se que nces during evolution are known in 
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bacteria. Most bacteria adapt to new environments by means of mu-

tations that alter gene regulation but there is no evidence that gene 

regulation in higher organi sms resembles that of bacteria. 

The e ffects of increases in the number of structural genes of 

an organism have been inve stigated by analysis of the activity and 

electrophoretic mobility of the ir protein products. Carlson (1972) 

studied the activity of a number of enzymes in primary and secondary 

trisomics of Datura stramonium and d e monstrated that the presence 

of an add itional structural gene causes a marked, approximately 50%, 

increase in enzyme activity. He proposed that the rate of transcrip-

tion is constant for each structural gene and independent of the num-

ber of identical structural genes in the genome, although the trisomic 

condition was often found to reduce enzyme activity. Smith and 

Conklin (1975) studied the effect of gene dosage on peroxidase iso-

zymes in Datura stramonium and found no change in perox idase 

act ivity in the tetraploid as compared to the diploid plant which sug-

gested that the increase in structural genes was balanced by the in-

crease in regulatory genes. An incre ased dosage of regulatory genes 

is also thought to account for the observed reduction in peroxidase 

isozyme activity in some trisomic plants. Zymogram analyses of 

compensating nullisomic-tetrasomic series of hexaploid wheat demon-

strated the location of triplicate genes on homoeologous chromosomes 

(Hart, 1973 , 1975). A linear r e lationship be tween gene dosage and 

quantity of the gene product suggest the same transcription rate for 
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structural genes of different genomes (Hart , 1975). Species in the 

Triticinae, h oweve r, showed increases in enzyme activity with in-

c re as es in ploidy l e ve 1 but the increases we r e not proportional to the 

expected gene dosage effects {Mitra and Bhatia, 1971) . M c Daniel 

(1972) found a 16-30% increase in mitochondrial malate d ehydrogenase 

activity in barley trisomic as compared to diploid plants and postu-

lated the presence of a r egulatory mechanism r es tricting the enzyme 

activity of tr is omic plants. Fern gametophytes { lx, 2x and 4x) and 

sporophytes (2x and 4x) showed a lack of qualitative and quantitative 

protein differences with a change in ploidy level but displayed distinc-

tive prate in differences between the morphologically d is similar game-

tophytic and s porophytic phenotypes. Peroxidase activity per cell 

increased in direct proportion to increases in genome and was de-

termined to be gene dosage related. But quantitative analyses of 

individual peroxidas e bands indicated both inc r e as es and d ee reas e s 

wi th an increase in ploidy leve 1. De Maggio and Lambrukos ( 197 4) 

concluded that the isozyme act ivity is controlled by r egulatory mecha-

nisms modulated by the environment. 

A parallel between the rate of ch romosomal changes and the 

rate of morphological evolution has bee n suggested in animals (King 

and Wilson , 1975). Speciation in Drosophila is known to occur without 

chromosomal rearrangements and chr omosomal rearrange ments often 

lead to chromosomal polymorphism rather than is olation mechanisms . 

Yet each Drosophila species has its ow n species specific chromos omal 
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polymorphism and only rarely do even the m ost closely related spe-

cies share the same rearrangements (Mayr, 1970) . Peripheral popu-

lations o f species with polymorphism for chromosomal rearrange-

ments show a tende n c y towards a r e duction in the d e gree of 

polymorphism. Successful and widespread species also have less 

chromosomal rearrangements, presumably because the rearrange-

ments d ecrease the flexibility and adaptability of the species (Mayr, 

1970) . Polymorphism f or inversi ons is less common in plants than 

animals. Unc ondensed chr omosome segments (allocycly) are some-

times visualized in plants and probably reflect minute inverted 

chromosome segments and deficiencies. The distributional pattern of 

allocyclic variants of Trillium species in Japan and western U.S. was 

found to be car related with differences m population size, regional 

and local climate and geological history (Stebbins, 1971). P eripheral 

populations showed les s allocyclic variants . 

Structural hete rozygosity for translocations is highly de velope d 

in vari ous genera of the Onagraceae. A necessary prelude to the 

evolution of permane nt translocation heterozygotes was the presence 

of metacentric chromosomes with centromeres embedded in a r e gion 

of heterochromatin and the occurrence of trans locations at the centro-

mere producing whole arm and equal exchanges. Hybridization of 

populations with different translocations, the development of lethals 

and self- pollination resulted in the maintenance of a system with a 

high survival rate in which plants are able to breed true and profit 
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from maximum hybrid vigor (Cleland, 1972). In most organisms, 

translocations have a net deleterious effect because translocated 

chromos ome s are likely to be of une quals iz e as the result of unequal 

exchanges . Individuals h et erozygous for the trans location will have 

irregular separation of meioti c chromo s omes resulting in duplica-

tions and deficiencies and gametic inviability or sterility. Chrome-

s omal rearrangeme nts do change gene linkag e r e lationships and may 

result in the developme nt of adaptive gene clusters or so called super-

genes or s e r ve as effective re productive isolation mechanisms (Ste b-

bins , 1 9 5 8 , 1 9 7 1 ) . 

Instantaneous speciation as the result of chromosome doubling 

is more widespread among plants than animals. About 3 0-35% of the 

species of flowering plants are of polyploid nature. The presence of 

meiotic disturbances in species hybrids and the frequent occurrence 

of alloploids provide evide nc e for the importance of structural chro -

mosomal differe nt iation in plant evolution. The evolutionary advan-

tage of polyploidy combine d w i th hybridization lies in the stabilization 

of genotyp e s by reducing the effects of mutation, genetic segregation 

and recombination, elimination of the sterility of inte rspecific hybrids 

and in their h i gher buffering capacity against environmental changes 

(St e bbins, 1971). 

An increase in ploidy le vel is found to be associated with a d e -

crease in intraspe cific variation. Bhatia et al. (19 68) studied ester-

ases, alcohol dehydroge nas es and pe roxidases of seed extracts of 
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barley and tetraploid and hexaploid wheat and found a decrease in the 

number of isozymic variants w ith an increase in ploidy level. Similar 

results we r e obtaine d by Waine s ( 1969) w ith alcohol extractable seed 

proteins of A e gilops spe cie s. It suggests that only a few biotypes of 

each diploid hybridiz e to form a t e traploid specie s and even fewer 

tetraploid and diploid biotypes hybridize to form a hexaploid. 

Although intraspecifi c isozyme v ariation decreases with an m-

crease in ploidy le vel , polyplo id spe c ie s originating from chromosome 

doubling of spe c ie s hybrids show an inc reased numbe r of isozymes 

o ver their ancestral parents. Genome specific isozymes or proteins 

have been used successfully to study the origin of Nicotiana tabacum 

(Sheen, 1972), of polyploid species within the Triticinae (Johnson et 

al., 1967 ; Waines, 1969) and others. The studies demonstrated the 

principal of additivity of protein patterns for hybrids of known parent-

age and make it possible to similate hybrid protein patterns by in 

vitro m ixture of parental proteins (Johns on et al . , 19 6 7) . 

The frequen c y of polyploidy in a plant species is affected by its 

growth habit and breeding syste m . Perennial herbs produce more 

polyploids than annuals and a h igh correlation between an efficient 

vegetative reproduction system and polyploidy is know n to exist 

(Stebbins, 1971). It enables the polyploid to overcome its initial 

stages of irregular meiosis and semi-sterility . Polyploidy appears 

to be just as common in s e lf- as cross-fertilizing perennials but is 

almost entirely c onfined to s e lf-fe r t ilizing annuals since self-fertili-

zation greatly increases the chances of survival of the annual. 
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Drastic environmental changes followed by the opening up of new 

habitats have been considered as the primary stimulus for the estab-

lishment and success of polyploids . Woody genera, especially those 

of temperate zones, probably did not have to cope with severe environ-

mental changes, but have in spite of their low frequency of polyploids, 

a relatively high basic chromosome number. Since some woody 

genera of tropical regions have a low basic chromosome number and 

very primitive floral anatomy, Ste bbins ( 1971) concluded that the high 

basic chromosome number of w oody genera was the result of ancient 

polyploidization. 

Primitive plant families and orders have the greatest variation 

in chromosome number while morphological specialization seems to 

be associated with a greater stabilization in chromosome number 

(Stebbins, 1971). Cytological diversity seems to be related to mor-

phological conservatism and morphological specialization with cyto-

logical homogeneity or alterations of individual chromosomes (Steb-

bins, 1971) . 

The answer to the quest i on of how organisms evolve is complex 

and must await further studies of chromosomal organization and the 

control of gene express ion in higher organisms . 

Peroxidases 

The enzyme peroxidase (donor : HzOz oxidoreductase; 

E. C .1 .11 .1. 7) uses H 2o 2 for the oxidation of a wide variety of 
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H-donors (AH2 ) such as phenolic substances, amines, leuco-dyes, 

certain heterocyclic compounds like ascorbic acid and indole, cyto-

chrome C, nitrites and inorganic ions. The reaction is as follows: 

peroxidase':) 2 H
2

0 + A 

Peroxidases can promote a large variety of coupled oxidation reactions 

and exhibit aversatility not surpassed by any other enzyme. While the 

enzyme is not part icularly specific in its requirement for an H-donor, 

its specificity for peroxides is very high in that only H 2o2 , methyl-

and ethyl-peroxides combine with the enzyme (Saunders, 1964) . 

Peroxidases are hemoproteins, which consist of an apoenzyme, 

that contains both carbohydrate and protein, and pr otohe min IX as the 

. . 

prosthetic group . The enzyme is thermostable, has a MW of about 

40000, and exhibits one of the highest known turnover rates (Saunders, 

1964) . 

That peroxidases exist as isozymes was first detecte d by 

Theorell (1942) in horseradish roots. It is now recognized that per-

oxidase is ozymes are of wides pre ad occurrence throughout the plant 

kingdom (Scandalios, 1974). Their number and relative concentration 

varies with cell and tis sue type and with the developmental stage of 

the organ. Even in the biochemically most thoroughly studied per-

oxidase system, that of horseradish roots, the number of peroxidase 

isozymes varies from 4 to 20 (Paul and Stigbrand, 1970 ; Shannon et 

al. , 19 66 ; Delin cee and Radola, 197 0), de pending on the extraction 
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technique, storage and age of the tissue. Storage in slightly alkaline 

conditions can alter the electrophoretic mobility of peroxidase iso-

zymes and cause artifacts (Liu and Lamport, 1973) . The major 

drawback of the horseradish peroxidase system is that it lacks genetic 

definition which complicates vigorous characterization of the isozymes 

developmentally and physiologically (Scandalios, 197 4). 

In those plant systems where genetic analysis of peroxidase 

isozymes has been carried out, it is apparent that the expression of 

peroxidase isozymes is under the control of several independently 

segregating genetic loci. Brewbaker and Hasegawa (1975) identified 

nine genetic loci with 2- 6 alleles per locus in maize. Allelic variap.ts 

of these lod include codominant positional alleles at 6 and null vari-

ants at 5 loci. Four variant isozymes of barley were found to be 

controlled by allelic genes at four loci (Felder, 1970) and Rick et al. 

(1974) demonstrated that the banding patterns of anodal peroxidases 

of red fruited tomato species were governed by codominant alleles at 

four loci. Alleles at three loci coded for a modi£ied enzyme migra-

tion pattern while those at the fourth locus coded for the presence or 

absence of a band. Genetic studies in these and other plant species 

(Scandalios, 1969; Levings et al. , 1971; Smith, 1972; Hoess et al., 

1974; Denna and Alexander, 1975) and the biochemical investigations 

of horseradish peroxidases (Shih et al., 1971) indicate that peroxi-

das es exist as monomers. Rice leaf tissue, however, showed a 

peroxidase locus with alleles controlling a dimer-peroxidase since 
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hybrid bands were found in heterozygote individuals (Shahi et al., 

1969). Peroxidase alleles with multiple electrophoretic bands were 

observed in maize (Brewbaker and Hasegawa, 1975) and Cucurbita 

(Denna and Alexander, 1975). These maize alleles develop 

three regularly spaced isozymes during tissue maturation which in-

crease in concentration with increasing age and are thought to be under 

epigenetic contn>l. The Cucurbita allele controls a cluster of 

four bands, is codominant to an allele which produces only one band, 

and does not show developmental changes . 

Peroxidases are known to be both temporally and spatially de-

termined, The developmental significance of temporally specific 

isozymes was first appreciated by Markert and M~ller (1959). Each 

animal tis sue was found to have its own characteristic pattern of iso-

zymes which undergoes a change during embryonic development and 

maturation of the organism. The principal altera.tions encountered 

are the quantitative and qualitative changes in enzyme activity (Scan-

dalios, 1974) . 

Dormant seeds appear to have very little peroxidase activity, 

largely confined to several c;lead papery layers surrounding the em-

bryo (Alexander, 1972). Upon imbibition the total peroxidase activity 

increases along with an increase in the number of peroxidase bands 

(Macko et al., 1967; Bhatia and Nilson, 1969; Alexander, 1972) . 

Siegel and Galston (1966) examined the peroxidase pattern of rye seed 

germinated in H 20 or n 2o and found that one peroxidase was 
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synthesized before germination while five other isozymes were 

partially or totally synthesized during imbibition and germination. 

Anstine et a l. (1 970) demonstrate d the differ e ntial expression of one 

genetically define d peroxidase in the in the development of 

barley. 

Different plant organs and tissues contain characteristically 

different sets of peroxidase isozymes (Siegel and Galston, 1966 ; 

Felder, 1970 ; Alexander, 1972 ; Scandalios, 1974; Bonner et al., 

1974). Roots are known to have relatively high and flower parts re-

latively low peroxidase activity (Saunders, 1964) . Brewbaker and 

Hasegawa (1975) studied the tissue specificity of genetically defined 

maize perox idases and found that, with the exception of two isozymes, 

all peroxidases have distinct tissue specificity with a maximum of 

eight loci in the coleoptile and only two in the pollen. Loy (1967) 

found heavy localizati on of perox idases in the epidermis and xylem of 

Cucurbita plants and observed peroxidase activity in the paravas-

cular fibers and to some extent in the pith and cortex. Siegel (1953) 

found a high peroxidase activity in the xylem of kidney beans, while 

van Fleet (1959) and de Jong (1967) found peroxidase to be l ocated 

mainly in the phloem tissue . 

It is e v ident that plant peroxidases have a broad subcellular 

distr ibution. Not only are they found in the cytoplasm but also in 

association w ith the cell wall (de Jong, 1967 ; Stafford and Bravinder-

Bree, 1972 ; Hepler et al., 1972; Raa, 1973 ; and others), cell 
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membrane (Gardiner and Cleland, 1974), nucleus (Raa, 1973), ribo-

somes (Darimont and Baxter, 1973; Penon et al., 1970), mitochondia 

(Ramaraj e Urs et al ., 197 4), and m ic robodies (Plesnicar et al., 

1967) . Gardiner and Cleland (1974) obs erve d that the bulk of oat and 

wheat coleoptile peroxidases is located in the cytoplasm and in the 

salt extractabl e cell wall fraction and that only a small fraction is 

tightly bound to the cell wall. Similar results were obtained by Liu 

and La mport (1974) in horse radish roots ; only 1.4% of the peroxi-

das es was tightly wall- bound. Variation in the wall bound peroxidase 

fract ion of maixe was shown to parallel cell and tis sue development, 

with older tissues containing more wall bound peroxidases (Brewbaker 

and Hasegawa, 1975). Haard (1973) obtained similar results in 

ripening banana fruits . Two peroxidase is ozymes, associated with 

wall particulates, increased in activity concomitantly with the res-

piration climateric of the fruit. The maize data suggest a general 

correlation between basi c charge of the peroxidase isozymes and its 

association , largely through covalent b inding, with the w all pellets . 

Cathodic peroxidases of sorghum were also mainly cell w all bound, 

while the anodic i:eroxidases were mainly soluble enzymes (Stafford 

and Bravinder -Bree, 1972). Plant and animal cell membranes are 

highly per me able to peroxidas es which has resulte d in the use of the 

enzyme in his to - and cyto- chemical studies (Graham et al ., 1966) . 

This also explains the presence o f peroxidases in plant cell culture 

media (Olson et al., 1969) . 
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One of the important reasons for the ambiguity in the interpre-

tation of peroxidase isozyme studies is that individual peroxidase 

isozymes have d iffe r e nt H-donor spe cificities and reactivities (Alex-

ander, 1972 ; Liu, 1975 ; Brewbaker and Hasegawa, 1975; and others) . 

The r e solved is o zymes of horseradish peroxidase exhibit specific 

activities which differ 10-fold when o-dianis idine is used to assay 

peroxidas e activity. When the same isozymes were assaye d for oxalo -

acetate ox idati on, the d iffe rence s in specific activity o f the individual 

isozymes did not fit the pattern established with o -dianisidine (Kay et . 

al., 1967). Two peroxidase isozymes of the dwarf tomato plant have 

different H-donor and H 2 o2 concentration requir ements for maximum 

activity when guaiacol is used as the substrate (Evans, 1970). Hetero -

geneity in both electr ophoretic and catalytic properties has been re-

ported for peroxidase is ozyme s of many other plant species (Kawa-

shima and Uritani, 19 63; Shee n , 1974; Laurema, 197 4 ; Bre w baker and 

Hasegawa, 1975), and indi c ates that although peroxidase isozymes 

may function by a si milar m echanism, they mediate different re-

act ions becaus e o f their lo c at ion in diffe rent physi co-chemical envi-

ronments. 

The variability m substrate specification of the individual 

isozymes unde rscores a basi c proble m o f per oxidas e research: lack 

o f a clear cut physiological role for the enzyme. D iffere nt hypotheses 

have been put forward to explain the function of the e nzyme . 
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Lignin Polymerase Hypothesis 

Investigations on the enzymatic control of lignification ( Freuden-

berg , 1959) have led to the suggestion that p e roxidase is involved in 

the polymerization of p-hydroxycinnamylalcohol precursors to lignin . 

Support for the theory came from in vitro experiments of Siegel ( 19 62) 

in which lignin like material formed on a polysaccharide matrix from 

a solution of eugenol, H 2 o2 and peroxidase. Peroxidase isozymes of 

maize (Brewbaker and Hasegawa, 1975), horseradish (Liu, 1975) and 

squash (Denna and Alexander, 1975) can utilize eugenol as a H-donor . 

Cathodal maize peroxidase isozymes were especially active on euge-

nol and revealed a substantial decrease in wall binding in a mutant 

which contained 30% less leaf and stalk lignins. Freudenberg et al. 

(1968), however, is sceptical about the importance of eugenol as pro-

tolignin precursor. 

If peroxidase is involved in lignification, it should be localized 

in tracheary elements especially in secondary walls which be c ome 

heavily lignified. Wall localized peroxidase has frequently been 

demonstrated in both cell free wall preparations and histochemical 

tissue preparations (Hepler et al., 1972), although de J ong (19 67 ) 

found peroxidase to be associated with nonlignified tissue. Harkin 

and Obst ( 1973) used syr ingaldazine to demonstrate that the phenol -

oxidase responsible for the dehydrogenative polymerization of li.gnin 

precursors is a peroxidase . 
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IAA-Oxidase Hypothesis 

It has been realized since the early 1950 1 s that IAA can be 

oxidiz ed by plant peroxidase (Galston et al., 1953; Goldacre, 1951), 

but the molecular site of IAA oxidase activity remains obscure . 

Sequiera and Mine o (1966) reported that fresh preparations of tobacco 

roots lost IAA oxidase activity but retained peroxidase activity upon 

storage . The thermal inactivation points and pH optima of the 

enzymes were d iffere nt. Attempts to separate the two types of acti-

vity failed on silica gels, CM- and DEAE- cellulose and DEAE-

s ephadex but a major IAA-ox idase peak could be separated from 

peroxidase activity by SE- sephadex. Hoyle ( 1972) and Laurema 

(1974), however, were unable to confirm the presence of this 

per ox idas e-free IAA-oxidase upon SE- sephadex elution. Pea roots 

were found to contain one IAA-oxidase fraction without peroxidase 

activity (van der Mast, 1969) . 

Although these results indicate that the IAA oxidase and pero-

xidase activity are located on d iffe rent enzymes, most studies sug-

gest that peroxidase isozyme s have IAA ox idase activity (Ray, 1960; 

Hoyle, 1972 ; Gordon and Henderson, 1973; Gove and Hoyle, 1974; 

Bre w baker and Hasegawa, 1975). Siegel (1966) suggested that the 

dual catalytic functions may result from two active sites since the 

apoenzyme poss esses IAA-oxidase acti.vi.ty while heme attachment is 

needed for the peroxidative function (Siegel, 1966; Hoyle, 1972). How-

ever, Ku et al. (19 7 0) found that when acid butanone was used to 
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cleave the prosthetic group from the enzyme instead of acid acetone 

the ap oenzyme lacked IAA- oxidase activity . 

IAA oxidation is affected by phenolic compounds of high and low 

molecular weight, c oumarins, manganese, plant acids and growth 

hormones (Schneider and Wightman, 1974). Plant growth hormones 

have never been shown to have a direct effect on peroxidase and IAA-

oxidase activity in vitro, but considerable effects have been demon-

strated for a wide variety of tissues. Galston et al. (1968) found that 

IAA did induce and repress the appearance of specific isoperoxidases 

in tobacco pith cell culture. Similar results were obtained in other 

plant species (Gordon and Henderson, 1973; Schneider and Wightman, 

1974) . 

The intracellular location of IAA- oxidases has not yet been in-

vestigated to the same extent as that of peroxidases. IAA-oxidases 

of pea roots were found to b e membrane bound and salt-extractable 

(van d er Mast , 1970), and an IAA-oxidase of cabbage roots was cell 

wall bound (Raa , 1971) . 

Polyphenoloxidase Hypothesis 

Dual staining abilities and similar electrophoretic mobilities of 

peroxidase and polyphenoloxidase isozymes suggested the lo cation of 

both activities on the same e nzyme (Sheen and Calvert, 1969; Sri vas -

tava and van Huystee, 1973). Van Loon ( 1971), however, based non-

identity of the enzymes on a specific staining method for polyphenol-

oxidase isozyme s. The polyphenoloxidase c omplex is best known for 
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its diphenoloxidase activities demonstrated upon injury and the pre-

paration of aqueous extracts from plant tissues, but the physiological 

role(s) of this Cu- containing o-diphenoloxidoreductase is not clear. 

The e nzymes appear to be either deeply imbedded or loosely bou:q.d to 

a variety of cellular membranes (Stafford, 1974). 

Hydroxyproline Hypothesis 

Cell e longation depe nds on the cleavage and reformation of co-

valent links between various wall polymers. Lamport (1970) sug-

gested that a hydroxyproline rich glycoprotein called extensin is a 

controller of cell wall extensibility. Such activity is supported by the 

findings that a decrease in growth rate is often associated with an in-

crease in the level of cell wall hydroxyproline (Ridge and Osborne, 

1970 ; Cleland and Karlsnes, 1967). Hydroxyproline appears to be 

pre sent in a polymer covalently linked to the cell wall via an o-

glycosidic linkage to arabinose (Lamport, 1970). Yip (1964) found 

2+ 
that horseradish peroxidase in the presence of Fe , H 2 0 2 and EDT A 

could form hydroxyproline from praline and that increased peroxi-

dase concentration resulted in inc re as ed hydroxyproline formation. 

Liu and Lamport ( 19 68) could isolate a hydroxyproline o- glycos idic 

linkage from an anionic is ozyme of horseradish peroxidase. Although 

Shannon et al. (196 6) reported the pres e nce of this imino acid in 

ani onic hors eradish peroxidase, further w ork on the horseradish 

peroxidase system indicated that hydroxyproline represented a 
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contaminant fraction which could be purified away from the enzyme 

(Shih et al., 1971). Work by Welinder (1973) on complete amino acid 

sequencing o f horseradish peroxidase isozymes also demonstrated 

the absence o f hydroxyproline. Similar results were obtained by 

Shive and Barnett (1973) based on differential extraction and Liu and 

Lamport ( 197 4) based on is opycnic equilibrium centrifugation. 

Peroxidas es have been implicated in ethylene synthesis, since 

it w as found that in vitro horseradish peroxidase can catalyze the 

formation of ethylene from keto methylthiobutyric acid (KMTB) or 

methional (Yang, 1967, 1969 ; Ku et al., 1970), but cannot use methio-

nine. In intact tissue however, methional is a poor ethylene pre-

cursor and KMTB is utilized 2x as fast or slower than methionine, 

while the peroxida$e system utilized KMTB l00x more effectively 

than methionine. Also, mono and p-diphenols promote ethylene for-

mation from the peroxidase system while o-diphenols are active in-

hibitors (Yang , 19 67, 19 74). In contrast, ethylene production from 

intact tissue was not greatly influenced by the addition of either class 

of phenolic substances (Gahagan et al., 1968). Finally, Kang et al. 

( 1971) reported that there was no correlation between the amount of 

peroxidase in pea stem tis sue and the rate of ethylene evolution . 

The inv olvement of peroxidases in ethylene synthesis has been 

complicated by studies of the effects of ethylene on peroxidase iso-

zymes . Ethylene treatment of cotton seedlings (Morgan and Fowler, 

1972) and sweet potato roots (Gahagan et al. , 19 68; Imaseki, 1970; 
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Shannon et al., 1971) resulted in both qualitative and quantitative 

changes in peroxidase isozyme patterns. 

The response of peroxidase isozymes to cut injury and abscis-

sion has also been related to their effect on ethylene synthesis . 

Peroxidas es are assigned a special role in the resistance of 

plants to diseases, this role being especially linked w ith peroxidase 

participation in the formation of a necrotic barrier on the path of in-

fection. P eroxidase activity increases during different types of in-

fectious diseases and is associated with both qualitative and quanti-

tative increases in peroxidase isozymes (Rudolph and Stahmann, 

1964; Andreev and Shaw, 1965 ; Novacky and Hampton, 1968; Chant and 

Bates, 1970; Curtis, 1971; and others) . 

The accomplishment of several of these peroxidase actions is 

coupled to the scavenging of H 2o 2 . All res pi ring organisms have de-

veloped elaborate defense mechanisms against the metabolic bypro-

ducts of life supporting o2 (Fridovich, 1975). Numerous spontan~ous 

oxidations as well as enzymatic oxidations generate o 2 , the super-

oxide radical, which can undergo a reaction with H
2
o2 and generate 

the reactive hydroxyl radical: 

o2 +H2o 2 ------- ;> OH +OH +02 
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The reaction can be prevented or minimized by the H 2o2 scavenging 

action of peroxidases and catalases. Both enzymes are widespread 

among respiring organisms and may have coupled this H 2o2 scaveng-

ing action with the development of several other physiological func-

tions . 
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MATERIALS AND METHODS 

Plant Materials and Growing Conditions 

Seed of wild Cucumis species and Cucumis melo Plant Intro-

cudtions (PI numbers) was obtained from the U.S.D.A., A.R.S., 

Plant Introduction Station at Experiment, Georgia, while seed of~ 

hardwickii, _g_. sativus, and _g_. trigonus Plant Introduct ions was ob-

tained from the U.S. D. A . , A. R . S. , Plant Introduction Stat ion at 

Ames, Io w a . Seed of Gucumis angolens is and _g_. d int er i was pro-

vided by Dr. T. W. Whitaker, formerly of the U.S.D.A., A.R.S., 

o f La Jolla, California. Table 2 shows the origin, sex express ion, 

growth habit, and classification of the wild Cucumis s pee ies by the 

Plant Introduction Stations . The accessions were collected by agri-

cultural explorers in the wild or from experiment stations and market 

places and are maintained as open- pollinated stocks (personal com-

munication) . 

The Cucumis melo Plant Introductions originated in the follow-

ing countries: 

Afghanistan 
Africa 
Argentina 
Asia 
Australia 
Austria 
Belgium 
Burma 
Canada 

China 
Ecuador 
Egypt 
El Salvador 
Ethiopia 
Finland 
France 
Greece 
Hungary 

India 
Iran 
Israel 
Japan 
Korea 
Lebanon 
Mexico 
Morocco 
The Netherlands 
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Table 2. Origin, sex expression, grow th habi.t, and classification of w ild Cucumis species Plant Introduc-
tions by the U.S. D. A. , A. R. S . , Plant Introduction Stations . 

PI Number 

20397 4 
27403 6 
282450 
29 9569 
299570 
299571 
299572 
273192 
315212 
3 6447 3 
3741 5 1 

147065 
19 6 477 
233 64 6 
249894 
249 895 
24989 6 
249897 
282442 
320052 
3 6447 5 

282443 

193 49 8 
236468 

Species Classification 

~- africanus 
II 

C. zeyher i 
C. africanus or zeyhe r i 

II 

II 

II 

II 

C. zeyher i 
II 

C. a f ricanus 

C. angur i a 
II 

II 

I I 

11 

I I 

C. anguri a or fie ifolius 
C. longipes 

I I 

II 

II 

C. anguria 
I I 

C. longipes 

C . asper 

C. dips ace us or leptoder mis 
C. dipsaceus 

Source 

South Afr i ca 
II 

II 

II 

II 

II 

II 

II 

II 

II 

U.S.A. 

Brazil 
II 

Ethiopia 
South Africa 

II 

I I 

II 

II 

Ethiopia 
South Afr ica 

South Africa 

Ethiopia 
II 

Gro wth Habit 

pe rennial 
I I 

II 

II 

I I 

II 

I I 

II 

II 

I I 

annual 

annual 
II 

II 

I I 

II 

I I 

II 

I I 

I I 

II 

perennial 

annual 
fl 

Sex Express ion 

monoecious 
I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

? 

monoecious 
II 

II 

II 

I I 

II 

II 

II 

I I 

I I 

dioecious 

monoecious 
I I 

• 
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Table 2. Continued. 

PI Number Species Classification Source Growth Habit Sex Ex press ion 

196844 c. ficifolius Ethiopia perennial monoecious 
203975 II South Africa annual II 

273648 c. ficifolius or prophetarum Ethiopia perennial monoecious 

215589 C. hardwickii or trigonus India annual monoecious 

282446 C. he ptadacty lus South Africa perennial dioe cious 

275571 c. hooker ii South Africa annual monoecious 

282447 c. le ptode r mis South Africa annual monoecious 

273 650 C. membranifolius Ethiopia perennial monoecious 

202681 c. metulife rus South Africa annual monoecious 
292190 II Transvaal II II 

203977 c. myriocarpus South Africa annual monoecious 
282449 II II ti ff 

2995 68 c. myr iocarpus or zeyheri II II fl 

374153 c. myriocarpus U.S.A. II II 

179922 c. prophetarum India annual monoecious 
193967 II Ethiopia perennial II 
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Table 2. Continued. 

PI Number Species Classification Source Growth Habit Sex Expression 

2 73 649 c. pustulatus Ethiopia perennial monoecious 
280231 II II II II 

3 43 699 II Nigeria II II 

343700 II II 11 II 

343701 II II II II 

282441 c. s agittatus South Africa pe r e nnial monoecious 

271337 c. trig onus India annual monoecious 

Dr. Whitaker c. angolensis South Africa perennial monoecious 

Dr. Whitaker c. dinteri South Africa perennial monoecious 
Ul 
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Nigeria 
Pakistan 
Peru 
Portugal 
Saudi Arabia 
Senegal 

46 

South Africa 
Spain 
Syria 
Switzerland 
Tai wan 

Thailand 
Turkey 
U.S.A. 
U.S.S.R. 
West Pakistan 

while seed from C. melo varieties was purchased from commercial 

seed companies. 

The Cucumis s ativus Plant Introductions were collected in the 

following countries : 

Afghanistan 
Arabia 
Australia 
Brazil 
Canada 
China 
Czechoslovakia 
Denmark 
Egypt 
England 

Germany 
Bungary 
India 
Iran 
Iraq 
Israel 
Japan 
Korea 
Lebanon 

New Zealand 
Philippines 
Poland 
Spain 
Syria 
Thailand 
Turkey 
U.S.S.R. 
West Pakistan 

while seed from cucumber varieties was purchased from commercial 

seed companies . 

Cucumis seed was planted in flats or peat pots in a 2: 1 :1 mix-

ture of soil, sand and peat and grown in a greenhouse with minimum 

day and night temperatures of 15 C and cooling by evapo- coolers if 

the temperature exceeded 21 C. Seedlings grown in peat pots were 

trans planted to greenhouse benches for morphological, hybridization 

and genetic studies. Voucher specimens and slides of the wild Cucu-

mis species were deposited at the C.S.U. herbarium (CS) in Fort 

Collins, Colorado . 
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Pollination and Identification 

The techniques of self- and cross-pollination of the wild Cucu-

mis species are similar to those used for cucumbers and muskmelons 

(Whitaker and Davis, 1962). Although all wild Cucumis species are 

monoecious or dioecious (Table 2), muskmelons are andromonoec ious, 

and hermaphroditic flowers requi re emasculation prior to cross -

pollination. Removal of the anthers by forceps from a perfect flower 

was done 12 or more hours prior to anthes is to eliminate self-

pollination. All possible self- and cross-pollinations between and 

within the Cucumis species were carried out to determine selfing 

and crossing barriers and establish t];ie inheritance of peroxidase iso-

zymes. 

Leaf, seed, ovary, and fruit morphological characteristics were 

studied to identify and classify the wild Cucumis Plant Introduction 

accessions. Ten seeds of each PI were measured for their length, 

width, and thickness in mm, while the number of ovaries and fruits 

used per PI varied. Ovary and fruit length and width, spine length 

and spine frequency data were taken. 

Cytological Techniques 

Root tips for somatic chromosome studies were collected from 

seeds germinated in petri dishes or peat pots. Seeds, contact treated 

with a fungicide, placed on a moistened filter paper in petri dishes, 
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we re placed for 4-7 days in a seed germinator with 30 C day and 20 C 

night temperatures. The root tips received a pretreatment of three 

hours in 0 .002 M 8-hydroxyquinoline at room temperature or 21 

hours in water at O C in order to prevent spindle formation. The 

root tips were fixed for 48 hours at room temperature in a 3 :1 

mixture of 95% ethanol and glacial acetic acid, and stained for two or 

more days at room temperature in O. 7% ace t o- carmine. The 

material was squashed in dilute aceto-carmine or 45% acetic acid, 

and the slides were made permanent by application of a drop of a 10: 1 

mixture of 45% acetic acid and glycerol to the cover slip edge (Tsuchi-

ya, 1971). 

Pollen mother cells were collected from greenhouse grown 

plants. The one-thecous anther was used to determine the meiotic 

division stage of the staminate flower, and the other two two-thecous 

anthers were fixed, stained and s quashed like s omatic ce lls if the 

pollen mother cells were found to be di vi ding. Photomicrographs of 

somatic and meiotic cells were taken w ith the Zeiss Photomicros cope 

II. 

Pollen morphology and fertility was determined in staminate 

flowers prior to or after anthes is . Pollen fr om three or more 

flowers per plant were squashed in 0. 7% aceto-carmine and the num-

ber of apertures per grain and percent fertile pollen was recorded . 

Pollen was considered fertile if visibly filled w ith cytoplasm . 
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Enzyme E x traction 

Deve lopme nt studies of perox idases of a highly inbred line of 

Cucurbita indicate d that qualitative differenc es in peroxidase 

banding patterns w e r e obtaine d during the first week o f see dling de-

velopment while the isoperoxidase banding pattern of 2-, 3- and 4-

week- old see dlings w er e indistinguishable (Alexander, 1972) . 

Preliminary studies w ith t w o muskmelon var iet i. e s, Delicious 

# 51 and Iroquois, sho we d s i milar r e sults ( Figure 1). The first per-

oxidase is ozymes appeared three days after germination (in wooden 

flats under a greenhouse mist bench) and were slowly migrating 

anodic peroxidases. On the fourth day, two of the slower migrating 

bands of the Px2 cluster (Figure 1) appeared with an additional slo w ly 

migrating band in the 6% acrylamide gel layer. The Px loci are 

designat e d by numbers w ith the lo west number representing the most 

anodic, and the highest number the least anodic peroxidases, the 

alleles are distinguished by cap ital letters and the multiple bands of 

the alleles by lo wer case lette r s (Rick et al., 1974 ; Brewbaker and 

Hasegawa, 197 S). The slow ly migrating anodic perox idases disap-

peared in older seedlings, while P x 1 , the fastest migrating anodic 

band and an additional band of the Px2 c lu ster were present in 9-10-

day-old seedlings . A cathodic isoperoxidase was present in 4-9-day-

old seedlings but lacking in olde r plants. T w o- to three- week-old 

seedlings or branches were consequently used in the survey of the 
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Figure 1. Pe roxidas es of 1-10 - day- old Cucumis melo variety Iroauoi.s 
seedli.ngs. 

pH 9.0 
@ 2s 0 c 

Initial Setup 

Trailing Ion 

Leading Ion 

Protein 

Sucrose 

4200 ELECTROCHEMISTRY SCHEMATIC 

4 pH + 0.3 - 0.5 

200361 

Figure 2 . P e rformance dur ing oper at ion of the ?Olyac r ylarr:.ide gel 
e l ectrophore s is system w i.th discont inuous V::)ltag e gradi -
ems (Ortec !nc . , Oak Ridg e , T !',;) . 
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Cucumis access ions and varieties . In these surveys up to 10 plants 

per accession or variety were harvested in bulk, because of the large 

number of plants and primary interest in obtaining a representative 

sample of peroxidase bands of the accessions . 

A study of Cucurbita 21- and 120-day-old plant parts 

showed a lack of clear cut qualitative differences in isoperoxidase 

banding patterns, although quantitative differences were apparent 

(Alexander, 19 72). Studies of Cucumis melo tis sues, i.e. root, 

hypo cotyl, leaf, leaf petiole and stem, indicated the presence of Px
1 

in stem tissue only, while bands of the Px 2 cluster were found in all 

tissues, but showed the highest activity in roots and hypocotyl. Leaf 

and stem tis sue with or without hypocotyl was subsequently used for 

electrophoretic studies. 

Two- to three-week-old Cucumis stem and leaf tissue was 

macerated with a mortar and pestle, squeezed by hand and centrifuged 

for 10 minutes at 1,800 x g or for 2- 4 minutes at 8,000 x g. Approxi-

mately 20 µl of the supernatant, mixed in a 1 :1 ratio with 80% or 50% 

sucrose, depending on the sample concentration, was used as sample 

for ele ctrophoretic studies . 

Polyacrylamide Gel Electrophoresis 

Polyacrylamide gel electrophoresis was used for the separation 

of proteins of the Cucumis species. The Ortec Model 4200 slab 

acrylamide electrophoresis system with the Model 4100 pulsed 
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constant power supply was used (Figure 2, page 50). The system 

combines the method of sample concentration by a conductivity shift 

resulting from ionic strength differences between the sample and 

separating gel (Hjerten et al., 1965) with the moving boundary method 

of disc electrophoresis using dis continuous v oltage gradients to pro-

duce zone sharpening, and does not require pH dis continuities . The 

pulsed power supply system results in shorter separation times and 

higher re solut ion without denaturation (Ortec, 1972, Models 4010 / 

4011 Electrophoresis System, Operating and Service Manual). De-

tailed methodology for casting polyacrylamide gel slabs for use with 

the Ortec apparatus are des er ibed in Orte c' s 19 72 publication AN 32A. 

The Ortec procedure was initially modified to enable the concurrent 

separation of anodic and cathodic proteins (Alexander, 1972). The 8% 

(4 cm) acrylamide layer in pH 9.0, 0.375 MTris-sulfate buffer was 

immediately overlayered w ith a 6% (1 cm) acrylamide gel solution of 

pH 9.0, 0 . 375 M Tris-sulfate buffer. A 4½% layer (0.5 cm in height, 

inpH9.0,0. 375 M Tris-sulfate buffer), added after the polymerization 

of the 8-6% separating gel, constituted the stacking gel. The sample 

wells were formed in an 8% ( 1 cm) acrylamide, pH 9. 0, 0. 075 M 

Tris-sulfate gel, with a 12-well template resulting in 4 mm wide 

wells. The cathodic gel consisted of an 8% acrylamide solution in a 

pH 9.0, 0.375 M Tris-sulfate buffer. Acrylamide and methylene-bis-

acrylamide were purchased from Polys ciences. Since cathodic 

peroxidase isozymes we re only occasionally observed in Cu cu mis 
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plant material, Orte c' s procedure for the se par at ion of anodic pro-

teins was followed since it required less time and resulted in less 

protein diffusion. This m e thod uses a 5. 9 cm 8%, 0. 9 cm 6% s epara-

ting gel, 0. 5 cm stacking gel, and 1 cm 8% well-forming gel. The 

constant pulsed power supply system with one or two cells immersed 

in cold, pH 9.0, 0.065 M Tris-borate buffer was operated according 

to Orte c' s s pee ifications, but the maximum voltage for double cell 

operation was reduced from 400 to 350 V. 

Peroxidases were visualized by imbedding the gel slabs in a 

-3 -2 
3 :1 mixture of 10 M o-tolidine and 10 M H 20

2
, since o-tolidine, 

compared with other H-donors, was found to be the most sensitive 

peroxidase substrate (Loy, 1967; Alexander, 1972) . 

The Cucumis melo and Cucumis sativus PI's and varieties were 

analyzed only once for their isoperoxidase banding pattern, but the 

wild Cucumis species were analyzed at least three times and their 

isoperoxidase bands are recorded as frequencies. 

Genetic data of peroxidase isozyme pattern diffe re nee s were 

subjected to x 2 
- analyses. Genotype and gene frequencies were cal-

culated for the observed isoperoxidase banding patterns in~- melo 

and compared with the fruit shape index genotype and gene frequen-

cies, calculated from data published by the Plant Introduction Station 

(Corley, 1966) . 

The staining mixture for esterase isozymes consisted of 75 mg 

fast blue RR salt and 40 mg a-napthylacetate, in 2 ml acetone/2 ml 
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water, per 100 ml 0,2 M, pH 7 .0 phosphate buffer, modified after 

Markert and Hunter (1959). In order to visualize the esterase iso-

zymes, the Cucumis samples had to be reduced in volume. 

Glutamate oxaloacetate transaminases (GOT) isozymes were 

visualized according to Shaw and Prasad (1970) , malate and glutamate 

dehydrogenases according to Honold et al. (1966), while a-amylases 

we re made visible after the incorporation of 2% starch in the Tr is -

sulfate buffers and staining in the iodine reagent (0 .1 N potassium 

iodide in 0 . 01 N iodine) . 

Since a -e ste rase banding patterns were not very re producible, 

and the dehydrogenas es and a - amylases failed t o show clear-cut inter-

specific differences, only the GOT isozyme patterns were used . 

Isoelectric Focusing 

Isoelectri c focusing separates proteins ac cording to their iso-

electric point rather than size and charge as in polyacrylamide gel 

electrophoresis or PAGE. The technique, performed in Ortec I s 

electrophoresis system and described in Ortec's publication AN 32A , 

was followed with slight modifications in that a solution of 1. 4 ml 

TEMED in 25 ml water was used and that fhe water volume was re-

duced accordingly to obtain the described TEMED concentration. Ap-

proximately 10-15 µl Cucumis sample in a 1: 1 mixture with 50% 

sucrose was used per sample well. A solution containing 2 ml con-

centrated H
2
So 

4 
per liter H

2
0 was used at the anodal buffer 
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reservoir, and 8 ml monoethanolamine per liter H 2 O at the cathodal 

reservoir if the amphol~nes had a pH range of 3 .5-10 .0, or a 0 .065 M, 

pH 9. 0, Tris -borate buffer if the ampholines had a pH range of 3. 5-

5. 0. The ampholines were purchased from LKB . Ortec' s pulsed 

power settings were followed. Peroxidases were visualized by incu-

-3 · -2 
bating the gel slabs in a solution of 10 M o-dianisidine and 10 M 

H 2o 2 (1:1, v/v) since the oxidation products of o-tolidine were found 

to be too pH de pendent. 

Isolation and Purification of Cucumis Peroxidases 

In order to determine efficient purification procedures, pre-

liminary experiments were necessary to develop an accurate and 

sensitive quantitative peroxidase assay method, determine the effects 

of poly me rs and reducing agents on the phenol content, and the effects 

of temperature, pH, and salt on the isolation of Cucumis peroxidases . 

Peroxidase Assay Method 

Different isoperoxidases show different H-donor specificities 

(Jermyn and Thomas, 1954; McCune, 1964; Evans, 1968; Liu, 1975) 

and different reactivities towards the same substrate. Loy (1967) 

tested the substrate specificity of muskmelon stem peroxidases 

toward eight H-donors and observed the highest number of anodic and 

cathodic electrophoretic bands if o-tolidine or p-amino-3-

methoxydiphenylamine were used. O-tolidine was subsequently used 
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for quantitative peroxidase determinations in that the change in ab-

sorbance at 635 nm due to the o-tolidine oxidation by the enzyme in 

t he presence of H 2o2 was measured spectrophotometrically. Salo-

mon and Johnson (1959) found a relatively narrow absorbance band of 

oxidized o-tolidine at 3 65 nm and a broad band at 635 nm with the 

sensitivity of the broad band being 68% lower than that of the narrow 

band. The change in absorbance per minute per µg purified horse-

radish peroxidase (NBC) was followed s pectrophotometr ically (B& L, 

Spectronic 20) at 365 and 635 nm . 

6..0D/min/µg HRP 

0.83± 0.09 ':' 

0.57 ± 0.03 

~ave.length in nm 

365 

635 

,:, Indicates the standard error of the estimate . 

The reaction medium consisted of 4.8 ml, 0.l M acetate buffer, pH 

5.0, containingl0- 4 Mo-tolidine, O.lmlof5xl0- 3 MH
2
o

2
, and 

-2 0 .1 ,;nl horseradish peroxidase in concentrations ranging from 1-10 

µg. The results confirmed Salomon and Johnson's observations. Per-

oxidase activity was consequently measured at 365 nm if o-tolidine 

was used as the H-donor. 

Since Loy ( 1967) did not include o-dianis idine in the H-donor 

specificity test of muskmelon peroxidas es, and Alexander ( 1972) rated 

o-dianisidine as a good substrate foi; Cucurbita peroxidases, its 

specificity towards purified HRP w as compared with that of o-tolidine . 

The reaction mixture consisted of 0. 1 ml HRP in concentrations 
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-1 
ranging from 1-10 µg, 2.75 ml pH 5.5, 0 .05 M acetate buffer, 0.05 

ml 20 mM o-tolidine or 20 mM o - dianis idine and O. 1 ml 4 mM H2 o2 . 

The change in abs orbance at 3 65 nm for o -tolidine and 460 nm for o-

dianisidine (Shannon et al., 1966) was followed spectrophotometric-

ally. 

OD/min/ µg HRP 

0 . 44 ±- 0 . 0 1 >!< 

0.87 ±- 0.05 
,:, 

substrate 

o-dianisidine 

o-tolidine 

Indicates the standard error of the estimate. 

The results indicate that o-tolidine provides a more sensitive per-

oxidase assay than o-dianis idine. 

Peroxidase activity measurements are known to be pH de pen-

dent (Saunders, 1964) and since different plant species have different 

peroxidas es, the pH optimum for cucumber peroxidase activity 

measurements w as determined. Using a O .05 M acetate buffer of pH 

4,0, 4 . 5, $ . 0 or 5.5, the change in absorbance at 365 nm due to the 

peroxidase oxidation of o-tolidine in the presence of H
2
o

2 
was fol-

lowed spe ctrophotometr ically. The reaction medium consisted of 

2. 7 5 ml, 0. 05 M acetate buffer, 0. 05 ml 20 mM o-tolid ine, 0. 1 ml 

4 mM H 2 o2 , and O.01 ml cucumber juice. The juice was obtained by 

grinding 1 g fresh cucumber mate rial in 1 ml H
2 
0, centrifuging it 

for two minutes at 8, 000 x g and diluting the supernatant with water . 
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6. OD/ ½ min/ mg cucumber plant material 

0.11 4.0 
0.15 4 .5 
0 . 29 5. 0 
0. 20 5. 5 

The results ind icate the opt i um pH of 5. 0 for cucumber peroxidase 

activity determination. The follo wing reaction mixture was subse-

quently us e d for peroxi dase activity de terminations: 

2 . 7 5 ml, 0. 05 M a cetat e buffer, pH 5 . 0 

0 . 0 5 ml 20 m M o -tolidin e 

0.1 ml 4 mM H 2o 2 

0 .1 ml or l es s sample 

and the change in absorbance measured at room temperature after ½ 

minute at 365 nm against a solution without o-tolidine as standard . 

Protein Determination 

Low ry 1 s m e thod (Lowry et al., 1951 ) w as used for protein de-

terminat ions . Alpha Globulin, fraction IV (Pentex Inc.) was us e d as 

a standard. 

Reduction o f Pheno l Oxidation 

Since phe nols are kno wn to r e duce the Folin- Ciocalteau reagent , 

experiments were done to r emo ve phenolics fr om Cucumis juice and/ 

or prevent their oxidation. The oxid ati on of phenols to quinones 

followe d by c ovale nt c oupling reactions or oxidat ion of r eactive protein 

groups are the pr incipal bas is of browning reactions in plant tissues 

and extracts. The oxidati on is catalyze d by phenol oxidases and 
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occurs if tissue is homogenized because phenolics are spatially 

separated from phenol oxidase s in intact tis s ue . Phenolics can also 

form H-bonds with the 0 -atoms o f pepti de bonds, salt linkages with 

basi c amino acid residues , s pec ially at pH values higher than 8 . 5 

and hydrophobic inte ract ions (Anderson, 1968 ; Loomis, 1973). 

Polymers, like polyvinylpyrro lidine (PVP ), are known to m-

hibit purified o - diphe noloxidas e p re parat i ons and bind thos e phenolics 

that form str ong H-bonded complex e s (Loomis, 1973). 

The adsorption spectrum of c ompounds found in brown colored 

muskmelon juice was determined s pectrophotometr ically ( Figure 3). 

Frozen muskmelon plants we r e macerated wi th a mortar and pestle, 

centrifuged for 2 -4 minutes at 8,000 x g and left for 12 hours at room 

temperature. The brown colore d juice shows a maximum absorbance 

at 365 nm. 

The e ffe ct of ins oluble PVP, P olyclar AT (G AF Corporation), 

purifie d according to Loomis ( 19 73 ) to r emove metal ions and the 

vinylpyrrolid ine monomer, on preventing the brown coloration of 

muskmelon juice and per oxidase activity w a s determined. One gram 

frozen muskmelon t i ssue was macerate d in l ml w ater with a mortar 

and pestle, immediately centrifuged at 8 , 000 x g for t w o minutes, 

after which insoluble hydrated PVP was added to the supernatant which 

was allowed to oxidiz e for 12 hours at room temperature. The ab-

sorbance per ml mus kme lon juice (supernatant) w as deter mined at 

365 nm, and the peroxidase activity was measured as described earlier . 
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g PVP per OD at 365 nm/ .01 ml perox idase activity 
ml juice juice after 12 hours b. 0 D/½ min/.01 ml juice 

0 .52 + . 01 ,:, .26 
0.001 .47 + .01 .27 -
0.01 .43 + . 01 .3 0 -
0.1 .19 + - . 01 .27 

>:::: 
Standard deviation values. 

The results indicate that PVP reduces the formation of brown color-

ation of muskmelon juice, but has no effect on peroxidase activity . 

The formation of oxidation products can also be prevented by 

inhibition of phenol oxidases. Metabisulfite and 4-chlororesorcinol 

are known as phenol ox idase inhibitors (Anderson and Rowan, 1967; 

Stokes et al., 1968 ; Loomis, 1973). Kull et al. (1954) tested a large 

number of substrate analogs for possible inhibition of potato poly-

phenol oxidase and found 4- chlororesorcinol to be ver y effective with 

inhibition already detectable at a concentration of 10- 8 M. Boric 

acid is known for its ability to form soluble complexes with polyols, 

including o-diphe nols (Weser , 1968; King, 1971) and is effective at 

0 .2 M concentration (King, 1971). 

The effect of these compounds on brown coloration of musk-

melon juice and pe roxidase a ctivity was determined. Muskmelon 

juice was obtained by macerating 5 g frozen tissue in 5 ml O .1 M 

boric acid, 5 ml 0.01 M metabisulfite, or 5 ml 10, 100, or 500 mM 

4-chlororesorcinol . 
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OD at 365 nm/ peroxidase activity 
Phenol oxidase concentration 0.01 ml juice t::,. OD/½ min/0 .01 ml • inhibitor eer g tissue after 12 hours juice 

bori c acid 1 ml 0 .2 M 0. 09 0 . 30 
metabisulfite 1 ml 0 .01 M 0.08 0. 10 
control 1 ml H2O 0.08 0.39 

• After 16hours 

4-chlororesor-
cinol 1 ml 0. 01 M 0. 046!0 . 005 ':' 0 .10 

1 ml 0 . 1 M 0 . 048±0.002 0. 07 

• 1 ml 0 .5 M 0.051±0.001 0.09 
control 1 ml H 2O 0 . 045±0.003 0 .14 
-~ ,,, 
Standard deviation values . 

• The results indicate that metabisulfite, boric acid and 4-

chlororesorcinol do not reduce the brown coloration of muskmelon 

juice, but do reduce the peroxidase activity considerably. The di£-

• ference in results of the boric acid and metabisulfite experiments and 

those of 4-chlorore sorcinol are due to differences in muskmelon plant 

• sample and a diffe rence in oxidation (incubation) time ( 16 vers us 12 

hours) . 

Effect of Temperature on Cucumis Peroxidase Activity • Temperature near and above boiling are required to destroy 

peroxidas e activity in most plant tissues and extracts (Wild e r, 1962). 

• Peroxidas e isozymes show differences in heat stability (Kon and 

Whitaker, 1965) and Gordon and Alldridge (1971) found the heat in-

activation temperature to be dependent on the pH of the extraction 

• medium . 

• 
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Extraction of peroxidases from cucumber tissues in an acetate 

buffer (pH 5. 0), (w/v=l :1) at 4 C and room temperature resulted in 

less enzyme act iv ity at the lowe r extraction te mperature . 

Extraction 
Temperature 

4C 

20 C 

_P_e_r_o_x_i_d_a_s_e_a_c_t i_v_i_t..,_y_i_n_t:::.._0_D-'-/ ½ min/ . 0 1 ml juice 
immediately after 18 hours after 

extraction extraction 

0.27+0.05~~ 

0 .42 0. 08 

o.36+0.05 

0.38+0.07 

,:,Standard deviation values. 

Heat treatment of cucumber j uice on a waterbath was found to 

have many advantageous effects in that not only most of the other 

proteins precipitated, but also the peroxidase activity was elevated. 

Heat 
Treatment 

control 

5 min at 70 C 

10 min at 75 C 
,,, 

Peroxidase activity in t:::..0D/½ min/ .01 ml juice 

0.64:±°0.0l * 

0.78 ± 0.11 

0.82±0.17 

,,-Standard deviation values . 

Electrophoretic analysis of extracts from other heat treated Cucumis 

plant material revealed the abs enc e of peroxidase band Px 1 upon 

treatment for 2 or 5 minutes at 7 0 C, while a treatment of 5 minutes 

at lower temperatures (arbitrarily chosen 50 C) had no effect on Px 1 . 

Consequently , a treatment of 5 minutes at 50 C was used for tis sues 

of all Cucumis species except _g_. sativus which was treated for 5 

minutes at 70 C . 
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Effect of pH and Salt on Cucumis Peroxidase Extraction 

Peroxidases are known to differ in extractibility depending on 

the subcellular distribution of the e nzyme (Lee , 1971 ; Denna and 

Alexander, 197 5). Lee ( 1971) found a medium of high ionic strength 

essential for extraction of peroxidase isozymes of tobacco callus 

tissue. The salt extractable enzymes were slowly migrating anodic 

peroxidases (Lee, 1971 ; Gordon and Alldridge, 1971). Alexander 

(1972) found two weakly bound Cucurbita peroxidases to be re-

leased by salt ( 1 M NaCl), 8 M urea or O. 3% cholate, while cellulase 

released a small amount of peroxidase activity, which produced 

mainly diffuse zones of activity in the gels near the anodic and catho-

die front . 

Experiments were done to determine the effect of pH of the ex-

traction medium, salt and cellulase digestion on cucumber peroxi-

dase activity and i sozyme patte rn. Cucumber tissue (2 gram) was 

macerated in 2 ml O .OS M acetate buffer of pH 5 .0 or 2 ml O . 05 M 

P-buffer, pH 6.0, and centrifuged at 15,000 x g for 10 minutes. The 

pellet was resuspe nded in 5 ml buffer of pH 5 . 0 or 6. 0, recentrifuged 

and resuspended until the supernatant lacked peroxidase activity. 

Weakly bound peroxidases were removed by treating the pellets with 

5 ml buffer of pH 5 .0 or 6 . 0 containing 0.8 M KCl, centrifugation at 

20,000 x g for 10 minutes and r e suspending in 5 ml 0 . 8 M KCl, pH 

5.0 or 6 . 0 buffer . When the supe rnatant lacked peroxidase activity, 

the pellet was incubated for 20 hours in the pH 5.0 or 6.0 buffer 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

65 

containing a few grains of cellulase (Worthington Biochemicals). The 

peroxidase banding pattern of salt and cellulase treated solutions was 

found to contain no new isoperoxidas es . Salt treatment, however, 

greatly increased the amount of pe roxidase released, as did incuba-

tion in a low pH extraction medium. 

Treatment 

cucumber supernatant 

buffer 
pH 

5.0 

6.0 
buffer washes (3x) of the pellet 

5 . 0 

peroxidase activity 
!::::,. OD/ ½ min/. 01 ml juice 

o.66 ± 0.01 * 

0.30±-0.06 

.80 

6.0 .44 
salt washes (2x) with O. 8 M KCl in buffer 

5. 0 . 54 

6.0 
cellulase digestion in buffer 

5.0 

,:,standard deviation 
6.0 

. 42 

.10 

.03 

It should be noted, however, that the difference in peroxidase activity 

measurements at pH 5. 0 versus 6. 0 may have been the result of dif-

ferences in buffer and the low pH optimum of cellulase . 

Purification of Cucumis P eroxidas es 

Cucumis plant material (w ithout roots) was macerated w ith a 

meat grinder and based on preliminary experiments, hydrated in-

solubel PVP (0 .1 g per ml juice) and KCl (0. 8 M) were added imme-

diately. The ground material was squeezed through three to four 

layers of cheesecloth, the retained fibrous material resuspended in a 
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minimal volume of 0. 05 M, pH 5. 0 acetate buffer, containing 0. 8 M 

KCl, squeezed through cheesecloth and discarded. The juice was 

subsequently heate d o n a wate rbath for five minutes at 50 C or 70 C 

(_g_. sativus) , cooled , and centrifuged for 10 minutes at 20,000 x g . 

The peroxidases were further purified by ammonium sulfate 

fractionation (Shannon et al. , 1966), using a 30% initial saturation 

level (1.8 g/ml). After standing overnight at 4 C, the solution was 

centrifuged at 20,000 x g for 15 minutes and the supernatant was 

brought to 85 % saturation with (NH 
4

)2SO 
4 

( 4 g /ml). The residue was 

collected after 16 hours at 4 C by centrifugation (at 20,000 x g for 15 

min), dis solved in a minimal volume of 0. 05 M, pH 5. 0 acetate buffer 

and dialyzed against this buffer until salt free (checked with HgC12 ) . 

This so-called (NH
4

)2So
4 

fraction was dialysed against 0.005 

M Tris-HCl buffer, pH 8.0, centrifuged for 20 minutes at 20,000 x g, 

and loaded on a DEAE - Bio-Gel A column (Biorad Laboratories), 

equilibrated with the same buffer. The peroxidases were eluted from 

the column by a stepwise increase (0 .025 M) in NaCl to a final con-

centration of 0 . 1 M NaCl in 0.005 M Tris-HCl, pH 8.0, buffer. 

The volume of the peroxidase solutions was reduced by a vari-

ety of methods de pending on the amount, i.e. ultrafiltrat ion (Amicon, 

Diaflo ultrafiltration membrane PM- 10), vacuum or sucrose dialysis 

and lyophilization . 
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Immunological Techniques 

The peroxidase solution of Cucumis sativus plants purified as 

described above (containing all three PXz bands) w as dialyzed against 

0 .15 M NaCl, mixed by syringe with Freunds complete adjuvant (v/v= 

1:1} (Miles Laboratories}, and injected intramuscularly in a New 

Zealand white rabbit . 

The inj ection and bleeding schedule was as follows : 

Day 0 Day 1 Day 15 Day 29 Day 67 

bleeding IM inject ion bleeding bleeding bleeding 
normal of 3 .5 mg serum I serum II serum III 
rabbit protein in IM injection 
serum Freunds of 7 mg 
NRS complete protein in 

adjuvant Freunds 
complete 
adjuvant 

Bleeding w as done from the marginal right ear vein and after clot 

formation overnight at 4 C , serum was c ollected and fr eeze dried or 

frozen until used. 

The classic ring pre cipitin test, performed in 1 mm tubes 

(Crow le, 1973), w as used to determine the optimal precipitating pro-

portion of antigen, the (NH
4

)2SO 
4

-peroxidase fraction of the Cucumis 

species, with serum to the _g_. sativus peroxidases. The optimal anti-

gen concentration, determined as described above, was mixed with 

serum (v/v= l : l) and allo wed to react overnight at room temperature. 

The s elution was cent rifuged for four minutes at 8,000 x g and the 

supernatant was mixed with 50% sucrose (v/v =2 :1) and 



1. 
I 

I 

• 

• 
• 

,. 
I 

• 

• 

I. 

• 

68 

electrophoresed. The control solutions, wh ich contained water in-

stead of serum (v/v= l:l) we re treated similarly. The serum to the 

£_. sativus peroxidases precipitated peroxidases of the Px
1

, Px2 and 

Px
3 

locus o f: 

c . aculeatus 
c. africanus (PI 275571) 
c . dipsaceus 
c. fig are i 
c . leptodermis 
c. melo 

C. metuliferus 
C. myriocarpus (PI 2995 68) 
C. sagittatus 
C. sativus 
C. anguria (PI 233646 ,282442) 
C . zeyheri (PI 299569 ,273192) 

as was indicated for some species in Figure 4. 

The micro immuno diffusion technique ( Crow le, 1973) was used 

to determine the identity or partial identity relationships among the 

Cucumis peroxidases. The diffusion medium consisted of 1.5% puri-

fied agar (Difeo Labo rat or ies) in de ionized water. The reactants 

were allowed to diffuse for two days at 4 C, rinsed for two days in 

water, stained with O .1 % thiazine red (Allied Chemicals) in 2% acetic 

acid, and de stained in 2% acetic acid. The slides were enlarged and 

contact printed. 

Biochemic al Studies of Individual Cucumber Peroxidases 

The (NH
4

)2SO 
4

-fraction of Cucumis sativus peroxidases was 

subjected to preparative PAGE to separate the individual isozymes. 

A 7 ½% separation gel of 6.8 cm in pH 9 .0, 0.375 M Tris-sulfate 

buffer, 4¼% stacking gel of 0 ,5 cm in the same buffer, and 8% sample 

gel of 1 cm in pH 9. 0, 0. 07 5 M Tris -sulfate buffer with a preparative 
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Figure 4 . Per oxidases of _g__. sat~v..,-1s, _g__. me lo, C. metuliferus , _g__. 
d inte ri, £_. anQ'uria a nd£_. aculeatus treated with or without 
serum to the .£_. sativus peroxidases. 

1. £.. sat ivus control 
2 . c. sativus + serum I 
3 . c. s a ti vus + serum II 
4. c. s ativus + serum III 
,.. c. s at i vus + NRS :, . 
6 . c. melo + serum III 
7 . c. melo control 
8 . C. metuliferus + serum III 
9 . c. metulife rus control 

10 . c. s a gittatus + serum llI 
11 . c. s agittatus control 
12 . c. anguria + serum III 
13 . c. anguria control 
14. c. aculeatus + serum III 
15. c. aculeatus control 
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well former were used (Ortec, 1972). The peroxidases, migrating as 

reddish- brown bands, were cut from the gel, after which the gel 

slices were homogenized and the individual p e roxidases were extrac-

ted in de ionized water . 

The three peroxidases (Px
2

b, c and d) were subjected to several 

treatments: lyophilization with re suspension in water; heat treatment 

of five minutes at 70 C; 8 M urea; 2 M NaCl; 3% cholatt;! ; or 3% SDS 

(sodium dodecyl sulfate) after which the treated isozymes were elec-

trophoresed. If the isoperoxidases are conformational isozymes, 

differing only in tertiary structure, reversible denaturation should 

generate the whole isozyme pattern for each of the original isozymes 

(Epstein and Schechter, 1959). However, although low concentrations 

of additional bands (e.g. band c in case of peroxidase d) were ob-

served after staining, the individual peroxidases were present in the 

highest concentration and visible without staining. The results indi-

cate a lack of interconversion of the isozymes upon treatment with 

agents affecting secondary protein bonds and denaturation, but the 

treatments may not have resulted in complet~ denaturation. 

Polyacrylamide disc electrophoresis, modified after Davis 

( 19 62), was used to determine if the three cucumber isoperoxidases 

were differing in size and/or charge. Separating gels of 4, 6, 8, 10 

and 12% acrylamide in a Tris-HCl buffer and 2.5% spacer gel in a 

Tris-phosphate buffer were used. Cylindrical glass tubes (6.5 x 0.5 

cm) were used with the Canalco disc electrophoresis system. The 
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system was operated for two hours at 1 mA/tube and one hour or 

longer at 2 mA/tube. The relative electrophoretic mobility or Rm 

value (distance traveled by the enzyme over distance traveled by the 

bromophenol blue front) was calculated for the three isoperoxidases . 

Plotting of log (Rm x 100%) versus the gel concentration resulted in 

parallel lines (the slopes o f which were determined by linear reg res -

sion analysis), indicating that the peroxidases differ in charge 

(Maurer, 1971) (Figure 5). The cause of the charge differences re-

mains to be investigated . 
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RESULTS AND DISCUSSION 

Cultivated Cucumis Species 

Muskmelon or Cantaloupe (Cucumis melo) 

Cucumis m e lo Plant Introductions and varieties display a char-

acter istic peroxidase banding pattern with a fast migrating anodic 

peroxidase (Px 
1

) and a cluster of three or four slower migrating 

anodic bands in the ir leaf and stem tissues. Only three qualitatively 

different peroxidase patterns we re observed in this species, caused 

by genetic polymo~phism of alleles at the J?x 2 locus. The Px2 A 

allele is represented by perox idase bands a, band c, and the Px
2

B 

allele by bands b, c and d. Heterozygotes show all four (a, b, c and 

d) bands (Figure 6). Monogenic inheritance could be demonstrated 

for the alleles at the Px 2 locus. The observed genotypes showed the 

expected 1 :2 : 1 ratio, and the backcross generations the expe cted 1:1 

ratio (Table 3) . Codominant inheritance of variant peroxidase alleles 

has been demonstrat e d in a variety of other plant species at a rela-

tively large number of peroxidase loci (Felder, 1970; Rick et al., 

1974; Brewbake r and Hasegawa, 1975). 

In order to understand the evloutionary phenomena in natural 

populations the pattern of genetic variation in populations from dif-

ferent ecogeographic regions of the species range has to be determined 
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F igure 6. Perox i.dase banding pattern of an F 2 generation of Cucumis 
melo plants . 



• 75 

Table 3 . Segregation o f Fz and BC generations for peroxidase alleles 

• at the Px2 locus in Cucumis me lo . 

Genotyees xz Generation Px2 APx 2A Px2APx 2B Px2BPx2B Total df 

• Fl x Px2 A Px2 A 11 10 21 .05 1 

Px Px x 
2A 2A Fl 6 6 12 .00 1 

• Subtotal 17 16 33 . 05 2 

F2 13 3 6 12 61 2.02 2 

• F2 10 30 17 57 1.88 2 

Subtotal 23 66 29 118 3.90 4 

• 

• 

• 

• 

• 
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(Lewontin , 1974) . The distribution of the Px 2 alleles in .f_. melo 

Plant Introductions from various c ountries was studied and if the 

peroxidase pattern o f 10 or more PI' s was k n own, their gene or allele 

frequency : 

p = 
Px2A 

2 Px2APx2A + Px2APx2B 

2N 

was calculated . Although the overall gene freque ncy, calculated from 

the genotype data from all£_. melo PI ' s and varieties is 0 .5 1, differ-

ences in gene fr e quencies do ex ist between populations from different 

countries (Appendix Table 1; Figures 7, 8). Many access ions from 

India and Iran have the Px2 APx2 A genotype and a high (p =0.61) gene 

frequency, while 5 0o/o or more of the PI' s from Turkey, Syria, the 

U .S .S .R., and China are Px2 BPx2 B and have a low (p =0. 29) frequency 

for the Px2 A allele . 

Othe r characte r is tics of these access ions like fru it shape, size, 

surface, and color, fl es h color, taste and depth, and disease res is-

tance we re analysed to determine if the geograph ic variation in per-

oxidase isozyme pattern wa s associated with a geographic variation 

in other plant characteristi c s . 

Fruit shape m e asure ments (Appendix Table 2), expressed as 

length in c m over width in cm or fruit shape index, indicated in-

creased levels of g enetic variability in Iran, India, and Turkey over 

Afghanistan and China . Genotype and gene frequencies of round 

(L/W, or fruit shape index, = l), oblong (l < L/W<2) and elongate 
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(L/W?:.. 2) fruits were calculated bas ed on Bains and Kang's (1963) 

geneti c studies. The overall gene frequency: 

p ::: 2( round fruited melons) + ( oblong fruite d melons) 
2N 

is O. 51, and little to no differences were found in gene frequency 

among PI's from Afghanistan (p ::: 0.51), India (p ::: 0.48), Iran (p :::0.53), 

Turkey (p ::: O .52) and U .S .S . R. (p == O .59) (Figure 9). The low coeffi-

cient of variability for fruit shape index in Afghanistan and China 

could be attributed to a high level of heterozygosity (75%) for alleles 

controlling fruit shape (Appendix Table 3) . 

Most fruits had a smooth (3 7% of the PI' s), furrowed (31 %) , or 

netted ( 18%) surface, although m ore than 40% of the melon fruits from 

Turkey had a wrinkle d fruit surface (Appendix Table 4). Sixty per-

cent of all fruits had a yellow fruit color, but, while 26-34% of the 

access ions from Afghanistan, India, and Iran have orange fruits 

(Appendix Table 5), 26 % of Turkey's PI' s had a green fruit color. 

These differences may be an indication of an incre ased level of homo-

zygos ity in collections from Turkey, but conclusions cannot be made 

because of a lack of adequate genetic studies of fruit color and sur-

face . 

Disease and insect resistance w as found mainly in collections 

from Egypt, Syria, Turkey, India and China. India appears to be the 

best s our ce of~- melo plants with resistance to powdery and downy 

mildew, gummy stem blight, anthracnose and Macros porium (Figure 

10; Appendix Table 6). Whitaker and Bohn (1954) found genes with 
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resistance or toler ance to cantaloupe mosaic in collections from 

China and Korea, whi le Chambliss and Cuthbeth (1968) screened PI 's 

and varieties f or resistance to the cucumber bee tle and foun d res is-

tance mostly in Indian access ions (Figure 10) . 

Isoperoxidase genotype and ge ne frequencies of resistant C. 

melo access ions we re calculated (Table 4). The ove rall frequency of 

the Px 2 A allele appeared to be 0 .53, but a surprisingly high gene fre-

quency was detected among PI ' s with res istance to gummy stem blight, 

anthra cnose, cucumber bee t l e and cantaloupe mosaic. Peroxidas es 

have been related to di.seas e resistance and these data suggest that 

£· melo plants with the Px2 A peroxidase cluster have more resistance 

to various diseases and insects (except milde ws and Macrosporium) 

than plants with the Px2 BPx2 B genotype . 

Host-parasite relationships, used to locate gene centers o f 

cultivated plant species (Leppik , 1966), point t o India a s the area of 

diversity of this large and polymorphic Cucumis species, since most 

sources of dis e as e and insect resistance occur among Indian acces-

sions. L ingu ist ic data from Filov et al. (1973) support this conclu-

sion. If India i s accepted as the area of diversity of thi s s pecies, the 

populat ions o f Turkey, Syr i a and China can be considered as more 

peripheral. While Mayr ' s obs e rvat ions indicated that the degree of 

phenotypi c polymorphism decre as es towards the border of the species 

range, electrophoretic studies showed that marginal populations we re 

as heterozygous as central ones (Le wontin, 1974). Mor e marginal 
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Table 4. Peroxidase genotype and gene frequencies of Plant Introductions of Cucumis melo resistant to 
various diseases and insects. 

Peroxidas e Genotyee Freguencies 
Gene 

Px2APx2A Px2APx2B Px2BPx2B 
Frequency 2 

Disease or Insect N PPx X 
2A 

downy mildew .18 .56 .26 72 . 46 1.0 

powdery mildew . 29 .42 .29 24 . 50 0 

gummy stem blight . 50 .50 2 . 75 1.0 

anthracnose .43 .57 7 .71 2.6 

Macroseorium . 28 .39 .33 18 .47 0. 1 
00 

cucumber beetle .59 .41 17 .80 11. 3,~,:, w 

cantaloupe mosaic . 50 .50 6 .75 3.0 

,:":'significant at the . 0 l leve 1 of probability. 
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~- melo populat ions had a high degree of homozygosity for the Px2 B 

peroxidase allele, but the geographic v ariation in peroxidase isozyme 

pattern c ould not be c orr elate d with the variation in morphological 

characters . 

The neutralist theory predicts that the peroxidase alleles are 

truly isoallelic and that the changes in allele frequency are the result 

of stochastic processes (Kimura and Ohta, 1971). Establishment of a 

new population from a few plants (Founder principle, Mayr, 1970) may 

have caused the low Px2 A gene frequency in some populations but 

would have been associated with a higher degree of homozygosity for 

genes governing fruit shape, taste and color. A nonrandom sampling 

of Plant Introductions, collected mainly from market places, does not 

appear likely since widely separated populations have the same per-

oxidase allele frequencies. 

The selectionist theory predicts that slightly different selection 

pressures are responsible for the observed distribution of peroxidase 

alleles (Lewontin, 1974). The P x 2 alleles differ in electrophoretic 

mobility, which may be associated with somewhat different kinetic 

properties and result in slightly different selection coefficie nts . The 

nonrandom distribution of the peroxidase allele frequency seems to 

support this hypothesis, but additional research is needed to better 

understand the evolutionary behavior of this Cucumis species . 

C. prophetarum, PI 179922, from India has 2n=24 chromosomes 

(Dane and Tsuchiya, 1976) , the Px
1 

and Px
2

A peroxidases, 
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morphological c haracterist i cs like some of the non-cult ivated _g_ . 

melo access ions and is cross - incompatible w ith other _g_. prophetarum 

PI ' s. The d at a s u gges t that PI 17 99 22 belongs to Cucumis melo. 

The or igin of this cultivate d Cucumis species and its relation-

ship to the othe r c ultivat e d and w ild Cucumis species w ill be dis-

cussed in the " Relationship B e t w een the Wild and Cultiv ated Cucumi s 

Species " s e c tion of this chapte r . 

Cucumber (Cuc umis sat ivus ) 

Cucumber Plant Introductions from all over the world and known 

U.S. varietie s were found to have an identical peroxidase banding 

pattern. The Px
1 

peroxidase, pr e sent in other cultivated and most of 

the wild Cucumis species, is absent, but a cluster of three bands, 

b, c and d, at the Px
2 

locus are alw ays present ( Figure 11). 

The p e roxidase band ing pattern o f w ild species, Cucumis hard-

w ickii (PI 21 5589) and Cucumi s trigonus (PI 215589 and 271337) is 

identical to that of _g_. sativus, their chromosome numbe r is 2n = l4 

(Dane and Tsuc h iya, 1976) like the c ucumber, w h ich indicates that 

these spec ie s are nothing more than cucumber variet ies escaped 

from cultivation rather than the ancestors of the cucumber as pro-

posed by de Candolle (1882). Deakin et al. (1971) reached similar 

conclusions about C . hardw ic kii based on hybridization results of 

this species with Cucumi.s s ati.vus . 
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Figure 11 . Peroxidase band ing pattern of Cucumis sativus Plant In-
troductions . 
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The relationship of this Cucumis species with other cultivated 

and wild Cucumis species will be discussed in the "Relationship Be-

tween the Wild and Cultivated Cucumis Specie s" section of this 

chapter . 

West India Gherkin (Cucumis anguria) 

The West India or Bur gherkin, known in cultivated and semi-

wild state in the Americas, is thought to have originated from a wild 

African species, _g_. longipes. The cultivated and wild forms were 

found to be cons pecific and retained as variety anguria or longipes of 

C. anguria, respectively (Meeuse, 1958). 

Ten Plant Introductio ns collected in Brazil, Ethiopia, Rhodesia, 

S outh and So uth West Africa, and classifie d as _g_. angur ia, _g_. fie i -

folius and_g_. longipes were obtained from the U.S. D .A., A.R.S., 

PI Service (Table 1). These monoecious, annual a nd diploid (2n=24, 

Dane and Tsuchiya, 1976) access ions can be divided into three mor-

phologically distinct groups {Table 5): 

1. The Brazilian (PI 147065 and 196477) and Ethiopian (PI 

233646 and 320052) accessions are characterized by the presence of 

five-lobed leaves, oblong fruits and ovaries and a distinct plant de -

velopment pattern resulting in the formation of a single erect stem of 

approximately 20 cm followed by the development of prostrate stems 

branching off near the base of the stem and attaining a length of 1-2 m . 

Differences do exist in ovary and fruit morphology, ho weve r. While 
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Table 5. Source and morphological characteristics of Cucumis anguria Plant Introductions. 

PI 
Number Source 

147 065 Brazil 

196477 Brazil 

233646 Ethiopia 

320052 Ethiopia 

249894 S . Rhodesia 

282442 S. Rhodesia 

249895 S. Rhodesia 

Leaf 
Morphology 

5- lobed 
rounded 

5-lobed 
rounded 

5- lobed 
rounded 

5 - lobed 
rounded 

slightly 
3 - lobed 

slightly 
3 - lobed 

5- lobed 
lobulate 

Ovary Morphology 
in cm 

oblong , 1 . 2 x O • 5 
0 .2 cm spines, 
p =2 .8* cm 

oblong and spiny 

oblong , 1 . 1 x O • 5 
0 .2 c m hairs 
p =4 .2 cm 

oblong , 1 . 2 x O • 6 
0 .2 cm hairs 
p =5 . 9 c m 

round and spiny 

round and spiny 

globular 
0.8 x 0.5, 0.2 cm 
spines, p =6. 0 cm 

Fruit Morphology 
in cm 

oblong, 4. 7 x 2 . 9 
0 . 1 - 0 . 8 c m s p ine s 
p =6.4 cm 

oblong, 4. 7 x 3. 2 
0 . 2 cm hairs 
p =6.3 cm 

globular, 2.4x 1.8 
0 . 5 - 0 . 8 cm spines 
p = l.7cm 

globular, 3.9x3 .3 
. 6 - 1. 2 cm spines 
p=3.4cm 

globular, 4.5x3.4 
1. 5 cm spines (6/cm2) 
p = 10 cm 

Seed Size 
in cm 

. 51 X • 23 X . 11 

.51 X .24 X .11 

.50x . 22x .11 

50 X • 23 X . 11 

.58x .26x .13 

.55x .25x .12 

. 55 X . 24 X . 13 

• 

ex, 
ex, 
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Table 5. 

PI 
Number 

249 896 

249 897 

3 6447 5 

_,_ 
-,-

• 

Continued . 

Source 

N. Rhodesia 

S.W Africa 

S. Africa 

• 

Leaf 
Morphology 

5-lobed 
pointed 

3-5 lobed 

5-lobed 
lobulate 

p = peduncle length. 

• • 

Ovary Morphology 
in cm 

globular and spiny 

globular, spiny 

glubular and spiny 

• • • • • 

Fruit Morphology Seed Size 
in cm in c m 

globular, 2 . 9x2.6 . 58 X .26 X .13 
0. 1 - 1. 5 cm spines 
(4/cm2 ), p =9 .5 cm 

.5 8 X .27 X .14 

globular, 3.2 x 2 . 7 .51 X .23 X . 12 
.5 - .8 cm spines 
p =7. 7 cm 
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the Plant Introductions from Brazil develop ovaries with O. 2 cm long 

spines and fruits with thick curled spines of 0.1-0.8 cm, the Ethio-

pian access ions form hairy fruits and ovaries (Table 5, Figure 12c). 

2. The access ions from S. Rhodesia (PI 249894 and 282442) 

are distinguishable from the other PI 1 s by their slightly three - lobed 

leaves and globular and spinu fruits and ovaries (Figure 12a) . 

3. The other African PI 1 s appear as a morphological mixture 

of PI 147065, 196477, 233646, 320052 (group 1) and 249894, and 

282442 (group 2). Their leaves are five-lobed but more lobulate and 

pointed than the leaves of the Ethiopian and Brazilian access ions and 

their fruits and ovaries are globular and spiny. PI 249896 forms 

2 
approximately four spines per cm fruit surface, while all other 

. 2 spiny fruited South African accessions develop 7-8 spmes per cm 

fruit surface (Table 5, Figure 12b). 

Morphologically different plants hybridize quite easily following 

hand pollination (Table 6) and produce vigorous and fertile F
1

1 s with 

98% or more normal and three-porate pollen (Table 7), thus confirm-

ing results of Meeuse (1958) and Deakin et al. (1971) that the differ-

ent C. anguria Plant Introductions are varieties of a single species. 

The morphologically distinct _g_. anguria plants can also be dis -

t inguished by their peroxidase banding patterns. All PI 1 s have Px 1 , a 

Px2 cluster and peroxidases at the Px
3 

locus (Figure 13). The Px 2 

locus lacks the clear multiple band definition of C. sativus or C . 

melo plants but shows a similar migrat ional behavior. Only PI364475 
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a 

C 
C U CU M IS ANGURI A PI no 233646 d 

Figure 12. a . ~· angu r i. a var . lon1Zioes (PI 282 442) ; b. C . a nQ'uri.a 
var . long ipes (PI 364475 ); c. C. angur ia v ar . anguri.a (PI 
23 3646 ); and d . C. diosaceus . 
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Table 6. Pollen morphology and fertility of Cucumis angur ia PI' s and 
intras pecific F 1 plants. • Per cent Pollen Percent Pollen 

PI of Fl 3 - porate 4- porate normal aborted 

233646 100 0 • 
364475 100 0 

147065 X 282 442 98 2 100 0 

• 282442 X 364475 l 00 0 9 8 2 

• 
Table 7. Hybridization studies of Cuc umis anguria Plant Introduc tions. 

• , ,, 
Male Parent ''' 

Female 147065 233646 249896 249 894 249895 364475 
Parent 196477 320052 282442 

147065 F • 196477 

233646 
320052 

I• 249896 + + F 

I 249894 
I 282442 + F 

• 249895 + + 

3 64475 

, ,, , ,, 
+ = fruit and seed formation. F= F 1 seedlings. • 

• 



+ 

0 

Figure 13. Pe rox i.dase banding pattern of Cu-
cumis angur ia PI' s. 

pH 
4.8 

6.6 

80 

Figure 14. Peroxidase isoelectr i c fo c using 
pattern of~- anguria PI' s. 

· O t, , 
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has a Px2 B cluster, while all other _g_. anguria accessions have a 

cluster of peroxidase bands with a migrational behavior similar to 

that of the Px
2 

cluster of C . melo plants. Polymorphism at the Px3 A - --

locus is apparent. While PI 147065, 196477, 233646, 320052 and 

249896 have Px
3

B, PI 282442, 249894, 249895 and 364475 have Px3 A 

and PI 249897 shows both Px3 A and Px3 B peroxidases (Figure 13). 

F plants of (147065 x 282442) and (249896 x 282442) contain Px and 
1 3A 

Px
3 

B per ox idas es, which is indicative of the codominant nature of 

the peroxidases at the Px
3 

locus. Genetic studies with F 
2 

seedlings 

were carried out but failed to show Px
3 

band defini.tio n presumably 

because the Px
3 

peroxidases are expressed at a relatively late devel-

opmental stage. If o-dian isidine is used as the peroxidase substrate 

instead of o-tolidine, PI 147065, 196477, 233646, 320052 and 249896 

show an additional Px
3

C band, while PI 249894, 282442, 249895 and 

3 6447 5 have an additional Px
3 

B band and F 
1 

plants of ( 147065 x 

282442) show all three Px3 (A, Band C) peroxidases in their leaf and 

stem tissues. Whether the additional band in the o - dianisidine per-

oxidase banding pattern is an artifact or not, remains to be investi-

gated. 

Not only do the _g_. anguria accessions show a distinctive per-

oxid ase banding pattern upon electrophoresis but also upon isoelectric 

focusing. Figure 14 shows the identity of the peroxidase band dis-

tributions upon isoelectric focusing of plant juice extracted from 

different _g_. anguria plants. Intraspecific variation in a-esterases or 
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glutamate oxaloacetate transaminases could not be detected. All 

these results support the conclusion that the C. anguria accessions 

are conspecific. 

Although Meeuse (1958) considered strain " Clarke 156" (PI 

249896) and strain "Gatooma 26" (PI 282442) as Cucumis anguria 

variety longipes and the ancestors of the cultivated gherkin, _g__. 

anguria var. anguria; the morphological, hybridization and zymogram 

studies of these and other _g__. anguria access ions indicate that: 

1. Not only do PI 147065, 196477, 233646, 320052 but also 

does PI 249896 belong to variety anguria since the Ethiopian and 

Brazilian access ions have similar morphological character is tics and 

all contain the Px
3 

B peroxidase in their leaf and stem tis sues . 

2. The cultivated gherkin, PI 147065 and 196477 of Brazil, 

descended from accessions 233646 or 320052 of Ethiopia. 

3. PI 249894 , 249895 , 282442 and 364475 are members of C . 

anguria var. longipes, characterized by the presence of peroxidase 

band Px3 A . 

4. PI 249 89 7, which is morphologic ally similar to F 
1 

plants of 

(249896 x 282442), and contains both Px3A and Px
3

B in its leaf and 

stem tissues can be considered as a cross between PI 249896 and 

282442. 

The five-lobed leaf condition is dominant over the slightly three-

lobed leaf condition (Figure 12b) since F
1 

plants of (147065 x 282442) 

and (282442 x 364475) develop five-lobed leaves. Also, the globular, 



• 

• 

• 

• 

• 

• 

• 

• 

• 
• 

• 

96 

heavily spined ovary and fruit character is dominant over all others 

since F 
1 

plants of (147065 x 282442) and (249896 x 282442) develop 

globular, heavily s pined fruits and ovaries . This appears to indicate 

that PI 282442 and 249894 (group 2) descended from PI 249895 and 

364475 and that homozygosity of a recessive mutation led to the 

slightly three- lobed leaf condition character is tic of these access ions . 

The relationship of _g_. anguria with the wild and cultivated 

Cucumis species will be discus se d in the II Relationship Betwee n the 

Wild and Cultivated Cucumis Species II section of this chapter . 

Cucumis Species from Ethiopia 

The distribution of Cucumis access ions indigenous to Ethiopia 

is outlined in Figure 15. The U.S,D .A., A.R.S., Plant Introduction 

Service classified PI 193498 and 236468 as _g_. dipsaceus, PI 280231 

and 273649 as _g_. pustulatus, PI 193967 and 273648 as _g_. propheta-

rum, PI 196844, 233646 and 273648 as _g_. ficifolius, and PI 233646 

and 320052 as _g_. anguria. Jeffrey (1967), howeve r, listed only three 

species, _g_. dipsaceus, _g_. ficifolius, and_g_. aculeatus as being native 

to Ethiopia in his flora of tropical East Africa. Morphological studies 

of the access ions (Table 8) indicated that PI 280231 follo ws Jeffrey's 

description of _g_. ficifolius and that PI 193967, 196844, 273648 and 

273650 are morphologically similar and follo w Jeffrey's description 

of C. aculeatus . All Ethiopian access ions are monoecious, but, while 

C. anguria var . anguria and C. dips ace us are annual, C. ficifolius 
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19 6844· 
.236468 
•2eo231 

• 2736!50 
ETHIOPIA 

233646 
320052 

F ignre 15. Geograph ical d is t r ibut ion oi E thi op ian Cucumis spe c ies . 
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Table 8 . Morphological cha racteristics and chromosome number of Cucumis Plant Introduct ions from 
E thio pia . 

PI Leaf Seed Size 
Number Seec ies 2n Morehology Ovary Morehology Fruit Morehology in cm 

19349 8 c . diesaceus 24 ovate ellipsoid, 1 .2 X ellipsoid, 3 .9 X .50 X . 22 X .09 
236468 non- lobed 0.6 cm , 0.2 - 0 . 3 -~ 2 . 9 cm, densely 

cm spines, p < 0 .5 ''' covered with 0. 5 -
cm 0 . 6 c m s pine s 

280231 c. f ic ifol ius 24 3-5 lobed l.0x0 . 5 cm, 0.2 globular, 3 . 6 X .56 X ,29 X . 15 
hairy stems cm spines, p =2.5 2 .8 cm, p = l. 6 cm 

193967 c. aculeatus 48 3-5 lobed, 0 . 9 x 0 . 5 cm w ith 3.8x2.9cm . 49 X .25 X . 12 
prickly leaves 0 . 2 - 0 . 3 cm spines p = l.5 cm 
and stems p =2.l cm 

'° 00 

196844 c. aculeatus 48 3 - 5 lobed l.4x0.6cm, 0.2 3.8x3.0cm .56 X .27 X .13 
prickly cm s p ines, p =2. 4cm p =2.2cm 

273648 c. aculeatus 48 3-5 lobed l.2x0.7cm,0.2 4. 3 x 3 . 7 cm .58 X .28 X . 14 
prickly cm s p ines , p=2. 8cm p =2 .2 cm 

2 73 649 c. aculeatus 48 3-5 lobed 4.lx2 . 9cm .62 X .29 X .15 
prickly 

273650 C. aculeatus 48 3 - 5 lobed 4 . 3x2.9cm .53 X . 26 X . 13 
prickly . 05 cm spines 

p =2 . 3cm 
,:, 

p=peduncle le n gth. 
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and _g_. aculeatus are perennial herbs. Chromosome studies indicated 

that all Ethiopian species are diploid with 2n=24 chromosomes, except 

_g_. aculeatus (PI 193967, 196844, 273648, 273649 and 273650) which 

is tetraploid with 2n=48 chromosomes (Table 8, Dane and Tsuchiya, 

1976). 

Cucumis dipsaceus 

The _g_. dips ace us access ions are morphologically similar, have 

tr icolporate pollen and are distinguishable from other Cucumis s pe-

cies by their nonlobed leaves and heavily spined fruits and ovaries 

(Table 8, Figure 12d). Their stem and leaf tissues show the Px
1

, a 

cluster of four (a, b, c and d) Px 2 , Px2 a 1
, and the Px

3
B peroxidase 

isozymes (Figure 16, Table 36). Individual C. dipsaceus plants (12) 

and the offspring of selfed plants displayed that same peroxidase 

banding pattern and indicated homozygosity of the Cucumis dipsaceus 

peroxidase loci. The presence of Px2 a' (with a frequency of O. 7) is 

thought to be de pendent on the developmental stage of the plants . 

Cucumis ficifolius 

This perennial diploid is morphologically similar to _g_. aculea-

tus hµt while C. aculeatus' stems and leaves are prickly, _g_. ficifo-

lius is hairy (Table 8). Both species have an efficient vegetative 

reproductive system in that rooting occurs frequently at nodes . _g_ . 

ficifolius pollen mother cells showed normal bivalent chromosome 

pairing (24 PMC ' s with 12 II, 2 PMC ' s with 11 II and 2 I) and produce 
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Figure 16. Perox~dase band · ng ?attern of Cucumis aculeatus, C. 
an2:uria, C. d iosaceus, C. f igare i. and C. ficifolius. 
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pollen with three pores . Figure 16 shows the peroxidase banding 

pattern of the stem and leaf tissues of C. ficifolius. Px 1 , a cluster 

of four (b, c, d and d') Px2 bands, Px3 B and sometimes Px3 A per-

oxidases are found (Table 36) . 

Cucumis aculeatus 

Meiotic studies o f this tetraploid Cucumis spectes (PI 273648) 

showed the presen ce of 24 II in 16 m etaphase cells and 13 diakinesis 

cells. Tetraploidy was not accompanied by an incre as e in the number 

of pores per pollen grain or the development of abnormal or aborted 

pollen (Table 9). The presence of biv alents at metaphase I and lack 

of four or more porate pollen gr a ins is indicative of the allotetraploid 

nature of th is Cucumis species . 

The C. aculeatus access ions are morphologically similar (Table 

8) and show a h igh degree of intraspecific cross-compat i bility (Table 

10). PI 273648 differs slightly in leaf and fruit morphology from the 

other a ccessions . Pollen mother cells of (273650 x 273648) F
1 

plants 

showe d a reduction in the formation of bivalent chromosome configur-

ations (1 PMC with 19 II and 10 I, 1 PMC with 16 II and 16 I). 

Whether this is c aused by chr omosomal diffe rence s betwee n PI 27 3648 

and the other accessions or is common to intraspecific _g__. aculeatus 

F 's remains to be investigated. 1 

Similarity of the C. aculeatus accessions w as also demonstrated 

by their peroxidase banding patterns. Px 1 , a cluster o f Px2 bands at 
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Table 9. Pollen morphology and fertility of C. aculeatus accessions. 
. -I. 

I Percent Pollen Percent Pollen 
3- porate 4- po rate normal aborted 

PI 193967 96 4 96 4 • PI 273648 99 1 99 1 

PI 273649 99 1 

• 

• 
Table 10. Hybridization studies of C. aculeatus Plant Introductions. 

• Male Parent~~ 
Fe male Parent 193967 1 9 6 8 44 2 7 3 6 48 273649 273 650 

193697 + + + 

• 196844 + + F + 

273648 + + + 

2 73 649 + + + 

• 273650 + F 

* + ind~cates fruit and seed formation. 
F indicates the formation of vigorous F1 plants . • - indicates the lack of fruit development upon cross - pollination . 

• 

• 
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the same migrational distance as the Px
2 

and Px:
2 

clusters of C. A B -
melo, Px:

3
B and sometimes Px3 A peroxidase isozymes (Figure 16, 

Table 36) were present in their leaf and stem tissues. The peroxi-

dase banding patterns of ten (273650)-S
1 

plants were identical and 

showed Px 1 , Px 2 bands a, b, c and d, and Px3 B. The low peroxidase 

band frequencies of Px
2 

a 1 and d 1
, and Px:

3
A peroxidases must be 

attributed to ontogenetic or developmental effects because of h o mo-

zygosity of the Px:
1

, Px:2 (a, b, c, d), Px:
3

B_g_ _ _. aculeatus peroxidase 

pattern . 

The peroxidase banding patterns obta ined after isoelectric 

focusing of the plant juice of the tet raploid accessions (F igure 17) also 

showed identity. Glutamate oxaloacetate transaminase (GOT) isozyme 

patterns of the accessions (PI 273648 and 196844) were identical, 

while the esterase patterns of PI 273648, 196844 and 273649 showed 

d ifferences but lacked reproducibility . 

The Re lat ions hip Between the 
Ethiopian Cucumis Species 

Hybridization studies between the Cucumis species from 

Ethiopia showed a high degree of interspecific cross - compatibility 

and resulted in the production of vigorous interspecific F 1 plants 

(Table 11). Their fertility was lo w , however . The diploid _g___. anguria 

var. anguria (23 3646) x _g___. d ipsaceus F 
1 

formed many 4-porate (13%) 

and abnormal (87%) pollen. Triploid F 1
1 s showed a reduction in the 

formation of staminate flow ers and in pollen fertility because of 
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Figure 17. Perox idase isoelectric focusing pattern of~- aculeatus, 
dipsaceus, and _g_. figarei. 
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Table 11. Hybridization studies of Cucumis species from Ethiopia. 

,C 

Male Parent ''' 
Fe male Parent 1 2 3 

1. c. 

2. c . 

' 3. c. 

4. c. 

,::: 

acul~atus F F 

angur ia var . anguria F 

dipsaceus 

ficifohus + F F 

F indicates the formation of vigoro1,1s F 1 plants . 
+ indicates the production of fruit and seed upon cross-

pollination . 

4 

F 

Table 12. Meiotic chrome s ome configurations at diakines is and 
metaphase I in F 1 plants of _g_. aculeatus (PI 273650) x _g_ . 
ficifolius (PI 280231). 

C.hromos ome Configurations Number of 
' III II I Pollen Mother Cells 

12 12 32 

1 11 11 4 

11 14 4 

0. 1 III 11.SII 12. 1 I X 
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irregular meiotic chromosome separations. (C. aculeatus (273650) x 

_g_. ficifolius) F 1 plants produced mainly 3-porate (96% ; 4% 4-porate) 

and many aborted (25% ; 75% normal) pollen. 

Meiotic chromosome studie s of interspecific F 
1 

plants showed 

an average of 11 . 8 II and O .1 III in pollen mother cells of _g_. aculeatus 

(PI273650)x_g_. ficifolius {Table 12, Figure 18a); 10.2IIand0.3 III 

in PMC 1s of£_. aculeatus (PI 273648) x £_. a,nguria (PI 23 3 646) (Table 

13, Figure 18d) ; and 10.3 II in PMC 1 s of£.. anguriavar. anguriax 

_g_. dipsaceus F 1
1 s {Table 14). The high frequency of bivalent chro-

mosome pairing and very limited trivalent formation indicate a high 

level of chromosome homology between the genomes of the diploid 

species and one genome of the allotetraploid _g_. aculeatus . 

The Ethiopian species do not only show similar perox idase 

banding patterns (Figure 16, Table 36) and identical GOT isozyme 

patterns ( Figure 3 5), but al so similar chromatographic flavonoid 

patterns (Brown et al., 1969 ), These electrophoretic, other isoelec-

tric focusing (Figures 33 and 34) and meiotic chromosome studies 

indicate that the species are very closely related and must have 

evolved from the same ancestor . 

Cucumis Species from Nigeria 

One Cucumis species, classified by the U.S.D.A., A.R.S., PI 

Service as C. pustulatus (PI 343699, 343 700, 343701) was collected 

in Nigeria. The plants are morphologically identical, develop 
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Figure 18. Meiot k chromosome configurations 0£ (a ) tr i!) loi.d .£. 
leatus x C. fic ifoli us w ith 12 II + 12 I , (b) tetr2.ploid 
aculeatus with 24 II, (c ) di plo id~ fi.cifo l:us with 12 II , and 
(d) tr iploi.d aculeatus x C. angu.r ta ·.vith 8 II + 20 I. 
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Table 13. Meiotic chromes ome configurations at diakinesis and meta-
phase I in F 1 plants of .f_. aculeatus (PI 273648) x £.· 
anguria (PI 233646). 

Chromosome Configurat ions Number of 
III II I Pollen Mother Cells 

12 12 4 

1 11 11 1 

11 14 1 

1 10 13 1 

10 16 3 

2 8 14 1 

1 9 15 1 

9 18 1 

8 20 3 

7 22 1 

1 6 21 1 

0, 3 III 10.2 II 15 .6 I x 

Table 14. Meiot ic chromes ome configurations at metaphase I in F 1 
plants of£.· anguria (PI 233646) x .f_. dipsaceus. 

t I 

Chromosome Configurations Number of 
II I Pollen Mother Cells 

12 3 

11 2 4 

10 4 8 

9 6 3 

8 8 l 

10.3 II 3 .5 I X 
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slightly 3-lobed leaves, ovaries of 1.2 x 0.6 cm with bulbous spines, 

fruits of 6.1 x 4.5 cm with scattered pustules and a 9 cm long stalk, 

and seed of . 61 x . 29 x . 14 cm ( Figure 25). This monoecious and 

perennial species corresponds with Jeffrey 1 s description and distri-

bution range (1967) of~- figarei. 

Chromosome studies showed 2n=72 chromosomes in somatic 

cellsand36II in pollen mother cells (12) (Figure 19), although more 

cells need to be analyzed in order to determine the hexaploid nature 

of this species since quadrivalent chromosome associations may be 

present (see 11Relationship Between the Wild and Cultivated Cucumis 

Species 11 in this chapter). The increase in ploidy level was associ-

ated with ai:i increase in the number of pores per pollen grain . 

Seventy-four percent of the staminate flowers of this species 

developed 3-porate pollen, 26% four or more porc1,te pollen . 

The peroxidase isozymes present in tb,e stem and leaf tissues 

of C. figarei accessions are shown in Figure 16. Px 1 , a cluster of 

4-6 Px2 bands, Px
3

A and Px
3

B and additionally slowly migrating 

peroxidases in the 8% gel layer are present (Table 36). The s pee ies 1 

relationship with the other Cucumis species will be discussed in the 

11 Relationship Between the Wild and Cultivated Cucumis Species 11 

sect ion of this chapter . 
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Figure 19 . 1',feioti.c chromosome configurations at metaphase I i.n the 
hexaploid Cucumis f:.garei. (PI 343699) showing 3 6 II, 
3000x. 
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<J;ucumis Species from South and South West Africa 

The collections ites of Cucumis Plant Introductions of Southern 

Africa are outlined in Figure 20. Although Leppik (1966) considers 

East Afri c a as the primary gene center of the genus, most of the 

Cucumis species are indigenous to Southern Africa and have adapted 

to widely different environments from rock crevices (_g_. asper) to 

soils w ith deep fine sand (C. humifru ctus) and have differentiated int o 

distinctly diffe rent morphologie s . 

Cucumis afr icanus , £_. le pt ode rmis, 
and _g_. myr iocarpus 

These three South African species are chara<;:terized by their 

annual growth habit, monoecious sex expression, relatively small 

ovaries and fruits, 2n=24 chromosomes (Dane and Tsuchiya, 1976), 

and the presence of cucurbitacin A in their fruits (Rehm, 1960) . 

Meeuse (1962) considers _g_. leptodermis not more than a variety o r 

subspe c ies o f _g_. myriocarpus since they hybridize quite easily not 

only after artificial eras s- poll ination but also in nature . 

The U.S.D.A., A.R.S., P.I. Service classified PI 203977, 

282449 , 299568 and 374153 as _g_. myriocarpus, PI 282447 as _g_ . 

leptodermis, PI 374151 as _g_. africanus, PI 299568 also as _g_. zeyheri 

and PI 27 55 71 as C. hooker i. Their morphological characte ristics, 

chromosome number and classification according to Meeuse (1962) 

are presented in Table 15 . 
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C. dinteri 
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249896 

RHODESIA 
249895 

249894 
282442 

BOTSWANA /C. metuliferus 

S.W. AFRICA 
/ 027403 

29956s ;J~1t9 

249897 ~282449° J 0275571 
.-heptodoctylus 

2.82450 
364473 

C. leptodermis 
.299571 

S. AFRICA 
203974 

203975 
20~977 

374153 
374151 

o273192 

Figure 20. Geographical distribution of Cucumis species from South-
ern Afri ca . 
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Table 15. Morphological characteristics and chromosome number of Cucumis afr icanus, C. le etoder mis 
and C. myriocaq~us from South Africa. 

PI Leaf Seed S i.ze 
Number Seec ies 2n Morehology Ovary Moq~hology Fruit Moq~hology in cm 
20397 5 c. afr icanus 24 3-5 lobed 2 .7x 2.3cm . 50 X . 22 X . 12 

lobulate . 1- . 5 cm spines 

275571 c. africanus 24 3-5 lobed 4.7x2.7cm .46 X .21 X . 10 
lobulate .1 - .8 cm spines 

8/cm2 

2039 77 c. myr iocarpus 24 3-5 lobed 2.l xl.9 cm .5 2 X .21 X .13 
lobulate .1- .2 cm spines 

282449 c. myriocarpus 24 3-5 lobed 2. 7x2.4cm, .52 X .23 X .12 ..... 
lobulate . 3 - . 5 cm spines ..... 

w 
p =4 .0 cm;~ 

299568 c. myriocarpus 24 3 - 5 lobed . 7 X .5 cm 2.8 x 2.4cm . 53 X .23 X . 12 
lobulate .2 cm spines .2- .6 cm spines 

p =4. 2 cm 

374153 c. myriocar pus 24 3-5 lobed .6 X .4 cm l.6xl.4cm .54 X .23 X .13 
lobulate . 2-. 3 cm spines .1- .2 cm spines 

p= 1 . 9 cm 

282447 c. leptodermis 24 3 - 5 lobed .50 X .22 X .12 
lobulate 

:::, 
p=peduncle length. 
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C. myriocarpus access ions can be divided into two morpholo-

gically different groups according to their fruit characteristics. PI 

299568 and 282449 have longitudinally, beige - black, striped fruits 

with 0.2-0.6 cm spines (Figur e 21) while PI 203977 and 374153 de-

velop light brown- dark brown striped fruits with short (0. 1- 0. 2 cm) 

spines. The fruits of _g__. africanus also occur in two not very sharply 

defined forms : a large oblong shape (PI 275571) and a smaller, more 

ellipsoid one (PI 203975). The shapes are well correlate d with taste, 

in that the larger fruits are a relished refreshment and source of 

water among African nat ives, whereas the smaller ones are bitter 

and poisonous (Meeus e, 19 62). 

Hybridization studies among and between _g__. afr icanus, _g__ . 

leptoderm is , and _g__. myr iocarpus accessions indicated a high degree 

of intra- and inter-specific cross-c ompatibility (Table 16), and re -

sulted in the deve lopment of vigorous and fertile F 1 hybrids w ith 100% 

3-porate and 97% normal pollen (Table 17). Meiotic studies of pollen 

mother cells of (374153 x 282447) F 1 plants pointed to a high degree 

of chromosome homology between the s peciew with the formation of 

12 II in 10 PMC 's. 

The species and subspecies can also be separated from each 

other by their peroxidase banding patterns, which sho w isozymes at 

the Px 
1

, Px 2 and Px
3 

locus (iFigure 22). Pe roxidas es at the Px2 locus 

in C. leptodermis have the same migrational and genetic behavior as 

those of C. melo. The Px2 A allele is represented by a cluster of a, 



a 
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Figure 21 . (a ) C. m y riocarpus (PI 203977 ), (b ) C. zeyher i (PI 28245 0), and (c ) C . africanus ( PI 275571 ) . 
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Table 16 . Hybridization studies of Cuc um is africanus, ~-
mis and _g_. myri ocarpus Plant Introductions. 

,,, 

Male Parent''' 
Fe male Parent 203975 299568 2039 77 3 7 415 1 

2039 75 
2755 71 

299568 
282 449 

2 03977 
374153 

374151 

282447 

275571 282 449 374153 

F F 

F F 

+ F 

F indicates the formation of ferti le F 1 plants. 
+ indicat es the format i.on of fruit s wi.th seeds . 

F 

F 

le pt oder -

282 447 

+ 

F 

+ 

Table 17 . Pollen morphology and fertility of S2.: africanus, £_. lepto-
dermis and C . myr tocarpus accessions and F 1 plants. 

P ercent Pollen P ercent Pollen 
Species or Fl 3- porate 4- porate normal aborted 

c. leptodermi.s 97 3 

c. myri.ocareus 
PI 299 568 100 0 
PI 374153 99 1 

c. myriocarpus (PI 29 9568) 
x _g_. africanus (PI 2755 71 ) 100 0 97 3 

_g__. myriocarpus (PI 29 9568x 
374153) x C . lept oder mi.s 100 0 97 3 
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a' 

Figure 22. Peroxidase banding pattern of C. africanus, .f_. heptadac-
tylus, C. leotodermis , C. metuliferus, and C. mvriocar-
pus. 
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b, and c bands, and Px2 B by b, c and d peroxidases. Evidence for 

the codominant inheritance of these alleles is presented in Table 18. 

Segregation at the Px 2 locus w as not observed in~- myriocar -

pus or _g_. africanus accessions (Table 36). _g_. myriocarpus PI's 

showed all four (a, b, c, d) Px2 bands although s
1 

plants of PI 299568 

(seven individuals) and PI 203977 (six individual plants) had only the 

more anodically migrating Px2 A cluster. C. africanus PI 374151 

also had four peroxidase bands at the P x 2 locus, while PI 203975 and 

275571 displayed a pattern of five (a, b, c, d, d') peroxidase bands 

which were in homozygous condition since five PI 275571 s
1 

plants 

were found to have that same Px
2 

cluster. 

The two morphologically different _g_. myr iocarpus forms 

exhibit polymorphism at the Px
3 

locus. While PI 299568 and 282449 

have Px
3

A, PI 203977 and 374153 show Px
3

B. These isozymic 

var iants are inhe rited as codominant alleles at one, the Px
3

, locus 

(Table 19) . 

If o-dianisidine is used as the peroxidase substrate instead of 

o-tolidine, PI 282449 and 299568 display Px
3

A, but PI 203977 and 

374153 do not only have Px3 B but also the Px
3

A perox idase. It is 

apparent that the Px
3

A peroxidase of PI 203977 and 374153 has differ-

ent H-donor spe c ificities sinc e it can utilize o-diantsidine but cannot 

use o-tolidine . 

C. africanus lacks a clearcut Px
3 

band definition although F 
1 

plants of C . myr iocarpus x _g_. afri c anus (PI 275571) or its reciprocal 
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Table 18. Segregat ion of F2 and BC g e nerations for alleles at the 
Px

2 
per ox idas e locus in~- le pt ode rmis . 

Perox idase G enotypes 
Generations Px2APx2A Px P x 

2A 2B Px2BPx2B N 

4 2 6 

3 7 3 13 

2 4 6 

3 1 4 

Table 19 . Segregation of F 2 and BC generations for peroxidase 
alleles at the Px3 locus in~- myriocarpus. 

Peroxidase Genotypes 
Generations Px3APx3A P x3 APx3B Px3 BPx 3B 

N 

F2 3 7 2 12 

Px Px x Px Px 1 3 4 3A 3B 3A 3A 

x2 

2.0 

0.1 

0.7 

1.0 

x2 

0.5 

1.0 
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show not only Px3 A or Px3 B but also the Px3 C peroxidase. Inherit-

ance studies of the Px3 C peroxidase have been carried out w ith F 
2 

seedlings but faile d to show Px
3 

peroxidase band definition and led to 

the conclusion that the Px
3 

alleles are developmentally determined . 

The close relationship betw een the annual South African species 

is also indicated by their peroxidase (Figure 23) and esterase (Figure 

3 4) is o zyme patterns de veloped upon is oelectric focusing of enzymes 

extracted from these species. Both supported the classification of 

PI 374151, whose plants failed to develop pistillate flowers, in _g_ . 

africanus since the esterase and peroxidase isoelectric focusing 

pattern of PI 37 4151 and 27 55 71 were identical. The relationship of 

these species with other members of the genus wi ll be discussed in 

the "Relationship Between the Wild and Cultivated Cucumis Species " 

section of this chapter . 

Cucumis heptadactylus 

This d ioecious perennial and tetraploid species is distinctly 

different from all other Cucumis species in that it develops deeply 

dissecte d leaves with very long and narrow linear lobes (Figure 25a). 

Deakin et al. (1971) reported that _g_. heptadactylus produced fruits, 

lacking viable seeds, in crosses w ith 52_. myr iocarpus but that it 

failed to set fruit with eight other Cucumis species. Since the C. 

heptadactylus plants failed to produce pistillate flowers, they could 

only be used as pollen parent and were found to be cross - incompatible 



pH 
'5.0 

8.0 

Figut·e Z.3 . Peroxidase isoelectric focusing pattern of _g__. _africanus, _g_. ficifolius, C. leptodenni s , C. 
, myriocarpus and~- zeyheri (29 9571 A). 
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with~- africanus, ~- leptodermis and C. myriocarpus. It should 

be mentioned, however, that these annual South African species 

exhibit crossing barriers with all other Cucumis species (Table 29). 

Meiotic chromosome studies indicate the autotetraploid nature 

o f C . heptadactylus since a maximum of ten quadrivalent chro mo-

some configurations were observed in pollen mother cells of this 

species (Table 20, Figure 24). These results confirm Shimotsuma' s 

(1965) chromosome studies, in which VI , IV, III, II and I were ob-

served. Tetraploidy was accompanied by an increase in the number 

of four or more po rate pollen grains, since 62% of the pollen were 

found to be 3-porate and 38% 4-porate, but not by a large increase 

in the number of aborted pollen (only 8%) . 

The peroxidase banding pattern of this species, given in Figure 

22, shows isozymes at the Px
1 

locus, a cluster of very anodically 

migrating P x 2 bands and the Px3 B peroxidase. Individual~- hepta-

dactylus exhibit a cluster of three a' ab or abc, or four a' abc bands at 

the Px 2 locus indicative of an allelic peroxidase isozyme behavior 

like that in~- melo and~- leptodermis (Table 36). 

Similar ities between the autotetraploid and~- africanus, ~-

leptodermis and~- myriocarpus were apparent in their GOT iso-

zyme, flavonoid and peroxidase isoelectric focusing patterns. Al-

though~. africanus is considered as an annual species (Meeuse, 

1962), it produces tuberous roots and has been grown in the green-

house for a period of t w o years. The results indicate that these 
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Table 20. Meiotic chromosome configurations at diakines is and 
metaphase I in Cucumis h eotadactvlu s (2n= 48). 

Chromosome Configurations Number of 
IV II Pollen Mother Ce lls 

24 9 

1 22 11 

2 20 12 

3 18 10 

4 16 3 

5 14 3 

6 12 1 

7 10 1 

10 4 1 

2 . 24 IV 19.5 II X 

F igure 24 . Meiot ic chro mo some configur a t io ns a t m e tapha se I i.n Cu-
cu m is he ptadacty lus showing 10 IV+ 4 II (4000x ) . 
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Figure 25. (a) C . heptadactylus (4x), (b) C . zeyheri (4.x). (c ) aculcatus (4x), and (d) __g__. figarei (6x). 
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N .~ 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

125 

three annual diploids and perennial autotetraploid are very closely 

related. 

Cucumis zeyheri 

Mee use ( 1962) describes _g_. zeyher i as a perennial , monoecious 

spiny-fruited herb distr i but e d in South Africa, South Rhodesia, and 

East Africa but not in South West Africa and Angola. _g_. prophetarum 

(Jeffr ey, 1967) is morphologically similar to _g_. zeyheri (Mee use, 

1962) but indigenous to East Africa. Accessions labeled as C. afri-

canus or _g_. zeyheri (PI 203974, 274036, 299569, 282450, 315212, 

364473, 299570, 273192, 299571 and 299572) were collected in South-

ern Africa (Figure 20) and have many morphological characteristics 

in common with _g_. zeyheri (Meeuse, 1962). Their leaf, ovary, fruit 

and seed morphology and chromosome number are reported in Table 

21 and 25. All develop light green/dark green, longitudinally striped 

fruits which yellow upon maturation. PI 203974, 274036 , 282450, 

299569, 315212 and 364473 are diploid and PI 273192, 299570, and 

299572 are tetraploid (Dane and Tsuchiya, 1976) . 

The diploid access ions are not only morphologically si milar but 

hybridize quite easily following hand pollination, produce vigorous 

F 1
1 s (Table 22), and have an identical peroxidase isozyme pattern 

character ize d by isozymes at the Px
1

, Px 2 (a ' , a, b , c, d) and P x
3
(C) 

loci (Figure 26, Table 36). Pollen mother cells of PI 364473 show 

normal bivalent chromosome configurations (26 PMC ' s with 12 II, 1 
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Table 21 . Morphological characteristics and c hromosome number of Cucumis zeiheri Plant Introductions . 

Seed Size 
Number 2n Leaf Morphology Ovary Morpholog y Fruit Morphology in c m 

203974 24 deeply 3 - 5 lobed 5. 3x3 . 5 c m, 0. 1- . 7 7x . 3 4x . l 7 
lobulate 0 . 6 cm spi nes , 

7 . 7 / C m2, p =2.5 c m ... 

274036 24 deeply 3-5 lobed 3.3x 2.3 c m, 0. 1 - . 6 7x. 30x. 1 7 
lobulate 0 .6 cm spines, 

10.3 /c m 2 ,p= l . 2 cm 

29 9569 24 d eeply 3 - 5 lo b ed 4.4x3 . 4 cm , 0 . 2- . 74x.35x. 16 
lobulate 0.4 c m spines, 

15 / C m 2 , p = l.4cm 

282450 24 de eply 3 - 5 lobed 4.4x3.3 c m, 0.2 - . 7 4x . 3 4x . 1 7 
lobulate 0.8cmspines , 

7/cm2 ,p =2.0 cm 
I-' 

315212 24 deeply 3 - 5 lobed l . 2x0 . 6 cm 4 .2x3 . 0 cm, 0.2 - . 72x . 3 4x . l 6 N 
0--

lobulate 0. 2 cm spines 0 . 9 c m spines , 
9 . 3/c m 2 ,p =2.3 c m 

364473 24 deeply 3 - 5 lobed l . 2x0.6 c m, 3 . 6x2.6 c m , 0.2 - . 64x .25x. l-! 
lobulat e 0.2-0.3 c m spines 0. 8 cm spines 

27 3192 48 slightly 3 - 5 lobed 0.9x0.4 cm , 0. l c m 3 . 0x2. 7 cm , 0 . 1- . 78x.32x.15 
spines, p = l .6 c m 0 . 2 cm spines , 

20 /c m 2 , p = l.2 cm 

29 9570 48 slightly 3- 5 lobed I. 0x0. 5 c m, 0. l c m 2.7x2 . 3 cm , 0. 1- . 7 3x. 32x. 15 
spines, p = l.8cm 0 .2 c m spines, 

12 /c m 2 , P" l. 5 cm 

299572 48 slightly 3-5 lobed . 69x . 20x.15 

s• 

p = peduncle length. 
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Table 22. Hybridization studies of Cucumis zeyheri Plant Introductions. 

Male Parent ':' 
Fe male Parent 203974 2 7 4036 282450 2 9 9 5 6 9 3 15 21 2 3 6 44 7 3 273192 

203974 

274036 

282450 

299569 

315212 

364473 

273192 

299570 

299572 

>:< 
F indicates the 
+ indicates the 
S indicates the 

F 

+ F 

F + + 
F F 

F F 

+ + 
+ + 
F + + + 

formation of vigorous F 1 plants. 
production of fruit and seed upon cross - pollination. 
production of fruit lacking viable seed upon cross -pollination. 

• 

299570 

+ 

s 

+ 

+ 

• • 

299572 
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PMC with 11 II and 2 I) and develop only 3-porate pollen grains . 

These results indicate that the diploid~- zeyheri accessions are con-

specific. 

The tetraploid accessions (PI 273192, 299570 and 299572) are 

morphologically similar, cross-compatible with each other (Table 22) 

and characterized by peroxidases at the Px
1

, Px2 (a, b, c, d, d') and 

Px
3 

(Band C) loci (Figure 26, Table 36). Mei.otic chromosome 

studies of PI 299570 showed 24 bivalents in ten pollen mother cells 

(Figure 27) indicating that the chromosome complement of the acces -

s ion has two different genomes. More support for this conclusion 

comes from pollen morphological studi.es (Table 23). Almost no 4-

porate or aborted pollen we re observed in staminate flowers from PI 

273192 and 299570. 

Table 23 . , Pollen morphology and fertility of tetraploid Cucumis 
zeyheri accessions . 

P e rcent Pollen Percent Pollen 
~- zeyheri PI 3- porate 4- porate normal aborted 

273192 99 1 99 1 

299570 99 1 99 1 

The diploid and tetraploid ~- zeyher i access ions are cross -

compatible (Table 22) and produce vigorous triploid F 1 plants which 

show 8-12 bivalent and 0-3 trivalent chromosome configurations in 

their pollen mother cells (Table 24, Figure 28). A high percentage 
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A 
B 
C 

Figure 26. Peroxidase banding pattern of the diploid and tetraploid 
Cuc um is zeyhe ri ace es s ions . 
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Figure 27. Meiotic chromosome configurations at metaphase I of 
a. the tetraploid £. zeyheri PI 299570 with 24 II 
b. the tetraploid .£· zeyheri PI 299571 C with 15 II+ 18 I 
c. the triploid _f_; zeyheri PI 299571 A with 10 II+ 16 I 
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Figure 28. Meiotic chromosome configurations at metaphase I in tri-
ploid Cucumis zeyheri (PI 299570 ) x £. zeyher i. (PI 203974) 
Fl plants ( l S00x). 
a . 2 III + 9 II + 12 I 
b . 2 III + 1 0 II + 1 0 I 
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Table 24. Meiotic chromo some configurations at metaphase I and 
diakinesis in triploid Fl plants of Cucumis zeyheri PI 
299570 x PI 203974. 

Chromes ome Configurat i.ons Number of 
III II I Pollen Mother Cells 

12 12 10 

1 11 11 6 

3 9 9 1 

11 14 6 

1 10 13 1 

2 9 12 2 

10 16 2 

2 8 14 1 

1 8 15 1 

0.6 III 10.8 II 12. 6 I X 

of the pollen produced by the triploi.d (299570 x 203974) contained four 

or more pores (35%) or were aborted (59% of the pollen), the result 

of abnormal chromes ome s egregati.on and the formation of unreduced 

gametes. 

Isoelectric focusing of the e nzymes extracted from the diploid 

and tetraploid access ions and staining for peroxi.dases or esterases 

produced almost identical isozyme patterns (Fi.gure 29 and 34) . The 

high degree of similari.ty betwee n the di.ploid and tetraploid accessi.ons 

in their isozyme patterns and morphology, and the high frequency of 

bi.valent chromosome configurations in their triploid F 
1 

hybrids led to 
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Figure 29. Peroxidase isoelectric focusing pattern of _g_. zeyheri accessions. 
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the c onclusi on that the diploid _g__. zeyheri serve d as one of the ance s -

tors for the allotetraploi.d -52_. zeyhe r i.. 

O ne accession, PI 299571, was found to contain a mixture of 

ma r pholog ically, cytologically and bi.ache mLcally different plants 

(Table 25). Form A, a perenn ial tri.ploid, is morphologically related 

to -52_. leptodermi.s, while form B, a perennial tetraploi.d, is similar 

to the tetraploid _g__. zeyheri. and form C, also a perennia l tetraploi.d, 

is closer r e lated mo rpholog ically t o the diploid _g__. zeyheri. 

Pollen m other cells o f P I 299571 form B (four cells ) sho we d 24 

bivalents, produced 9 8% 3-porate, 2% 4-porate, 98% normal and 2% 

aborted pollen like pollen mother cells of 273192 and 29 95 70 (Table 

23). The plants were self-compatible and cross-compatible with _g__ . 

myriocarpus, _g__. afri.canus, the diploid and tetraploi.d _g__. zeyheri., _g__. 

fici.folius and PI 2995 71 form C. Their peroxidase banding pattern 

is s i.milar t o that of the triplo i d PI 299 5 71 form A. It is character -

i.zed by bands at the Px
1

, 5-6 bands at the Px
2 

and 1-3 bands at the 

Px
3 

locus (Figure 26). Si.nee the morphological studies show simi-

l arity between PI 29 957 1 form Band the other t etraploi.d _g__. zeyheri 

(PI 273192, 299570 and 299572) accessions, the occurrence of Px
3

A 

in the tissues o f PI 299571 form B can be explaine d by a mutation in 

one of the peroxidase i.sozymes or the presence of Px
3

A (instead o f 

Px3 B) in one of its ances tors . 

The meiotic chromosome behavior of form A, outl ined in Table 

26 , Figure 2 7, indic ates that the plants are the offspring of a natural 



• • • • • • • • • • 

Table 25. Morphological characteristics and chromosome num be r of Cucumis zeyheri PI 2995 71 form A, 
Band C. 

Form 2n 

A 36 

B 48 

C 48 

Leaf Morphology 

3-5 lobed, lobulate 

3-5 lobe d 

deeply 3-5 lo bed 
lobulate 

O vary Morphology 

. 7 x . 4 c m with 

.1 cm spines 

Fruit Morphology 

2 . 2 x 1 . 6 cm with 
0 .1 cm spines 

2 . 6 x 2 . 2 cm w ith 
.1- .2 cm spines 

3 . 0 x 2 . 0 cm, with 
.2- .4 cm spines 

Seed Size ( cm) 

.64x .31 X .15 

. 68 x .3lx.15 

• 
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Table 26. Meiotic chromosome behavior of C. zeyheri PI 299571 
form A (2n=3 6) . 

Chromosome Configurations Number of 
II I Pollen Mother Cells 

12 12 4 

11 14 1 

10 16 l 

9 18 2 

8 20 l 

7 22 l 

10.2 II 13. 8 I X 

cross between an allotetraploid and diploid, which have one genome 

in common. The plants produced fruits with 1-2 seeds when crossed 

with _g_. myr iocarpus and _g_. le ptodermis pollen, fruits without seeds 

when crossed with Cucumis africanus, _g_. anguria, dipsaceus, and 

the diplo id _g_. zeyher i but we r e s e lf- incompatible, and cross-

incompatible with other Cucumis species. The triploidy was associ-

ated with a high percentage of four or more porate pollen (20% 3-

porate; 71 % four or more porate ) and abortec;i pollen ( 16% abnormal; 

84% normal). The presence of Px3 A in its peroxidase banding pattern 

points to the diploid _g_. myr iocarpus or _g_. anguria var. angur ia or 

the tetraploid _g_. zeyher i PI 2995 71 form B. Only studies of F 
1 

plants between _g_. zeyheri PI 299571 form B or other tetraploid _g_ . 

zeyheri access ions and _g_. myriocarpus, _g_. leptodermi.s or _g_. 

angur i.a var. longipes can p r o v ide c onclusive evidence for the most 
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likely suggestion (based on morphology and peroxidase isozyme pat-

terns) that _g_. le pt ode rmis and PI 2995 71 form B were the ancestors 

of the triploid PI 299571 form A. 

Si;nce PI 29957 i form C was self- incompatible but cross -

compativle with _g_. africanus, _g_. anguria var. lon~ipes, _g_. myrio-

carpus and _g_. zeyheri (2x), but produced sterile fruits with _g_. 

zeyheri (4x) pollen, its meiotic chromosome behavior was studied . 

While an average of two trivalents and 14 bivalents were observed in 

pollen mother cells of these plants, a maximum of 8 III was counted 

in one cell and a maximum of 20 II in another (Table 27, Figure 27). 

A genome formula of AAA ' A 1 or AAAA 1 can explain this unusual 

meiotic behavior. It was accompanied by the production of multipor-

ate pollen grains (83% ~ 4-porate and 17% 3-porate) and pollen abor-

tion (18% aborted pollen, 82% normal). The peroxidase banding 

pattern of PI 299571 form C plants is shown in Figure 26. A cluster 

of six (a 1 abcdd 1 ) Px2 bands and three Px
3 

(A, B, and Cina low fre-

quency) peroxidases were observed. The peroxidase banding pattern 

developed upon isoelectric focusing of its plant juice looks like the _g_. 

zeyheri (2x or 4x) patterns with some additional low pl bands observed 

in _g_. africanus, _g_. angur ia , ~- ficifolius or _g_. myriocarpus. The 

peroxidase isoelectric focusing pattern of F 1 plants from _g_. anguria 

var. longipes x _g_. africanus is identical to that of PI 299571 form C 

x C. anguria var. longipes (Figure 29). Several hypotheses can be 

proposed to explain the evolution of this unusual tetraploid. It may 
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Table 27. Meiotic configurations at diakines is and metaphase I in 
Cucumis zeyheri PI 299571 form C (2n=48), 

Chromes ome Configurations Number of 
Ill II I Pollen Mother Cells 

2 20 2 1 

2 19 4 1 

5 15 3 1 

6 14 2 1 

8 11 2 1 

17 14 4 

3 14 11 1 

2 14 14 6 

2 13 16 1 

15 18 1 

3 11 17 1 

2 12 18 1 

1 13 19 1 

2 11 20 1 

1 11 14 3 

2. 1 III 14.12 II 12 . 6 I X 

have resulted from chromosome doubling of the diploid : ~- zeyheri 

(with genome formula AA) x ~- anguria var. longipes (genome formu-

la A 1 A 1
), and have a genome formula o f AAA 1 A 1 • However, quadri-

valents should then be produced at metaphase I, and~- anguria var. 

longipes should have contributed the Px
3

A and Px
3

B peroxidases. A 

genome formula of AAAA' seems to be more likely as far as the 

meiotic chromosome behavior of the plants is concerned and points 
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to an autotetraplo id (AAAA, _g_. heptadactylus?) in their ancestry . 

More detailed chromosome, isozyme and morphological analyses of 

several PI 299571 plants and intra- and inter - specific F ' s are needed 
l 

t o solve the ances try of PI 299 571 form C plants . 

Cucumis metuliferus 

_g_. metuliferus, a native of Southern Africa, is known as 

the "jelly melon" for its jelly-like sacs which individually envelop 

the hairy seeds or as the "horned cucumber" for its ringmottled 

orange fruit with prominent fleshy spines ( Figure 3 0). The species 

is diploid (2n=24 chromosomes), monoe cious, annual, and cross -

incompatible with 14 other Cucumis species (Deakin et al., 1971) . 

Cross es between this species and _g_. melo we re attempted since __g_ . 

metuliferus is highly resistant to the watermelon mosaic virus, 

squash mosa ic virus, and root knot n e matode, but were unsuccessful 

(Provvidenti and Robinson, 197 4 ). It was used unsuc cessfully as a 

polle n parent in crosses with _g_. aculeatus, C. africanus, C. ficifo-

lius, _g_. figarei and the diploid _g_. zeyheri . 

The dist inctness of this Cucumis spe cies was also evident in its 

peroxidas e banding pattern, in that it contains a displayed Px
1 

band, 

Px
2 

a', and a cluster of bands with the same electrophoreti.c mobility 

as the Px 2 cluster of _g_. sat ivus (Figure 22). The t wo Plant Introduc-

tions (202681 and 292 l 90) are morphologically s i.milar and sho w the 

same peroxidas es upon electrophoresis . The C. metuliferus 



Figure 30. (a) C. leptodermis, and (b) C. metuliferus. 
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peroxidase banding pattern is in homozygous condition since six S 
1 

plants showed a pattern of P.x 1
1

, Px
2 

a ' and a cluster of Px2 bed. 

The peroxidase isozyme pattern obtained after isoelectric focusing of 

C. metuliferus plant extract also showed one unusual isozyme (with 

an isoelectric point of approximately 6 .4; Figure 33) which is also 

found in C. s ativus. Examination of the GOT patterns o f the Cucumis 

species showed that _g_. metuliferus has three of its four GOT iso-

zymes in common with_g_. melo, _g_. asper, and _g_. dinteri, and only 

two with all other species. Flavonoid studies by Brown et al. (1969) 

indicated that C. metuliferus shared three of its four flavonoids with 

C. sativus and C. africanus and two or less with the other Cucumis 

species. An overall similarity index calculated from all these iso-

zyme and flavonoid data showed the highest similarity between _g_. 

metuliferus and~. sativus (0.46, Table 37), but this index weights all 

isozymic bands and flavonoids equally and probably overestimates 

the similarity between the two widely separated species. 

Cuc um is angolens is, C. dinteri 
and _g_. sag ittatus 

These perennial, monoecious and d iploid (2n =24, Dane and 

Tsuchiya, 1976) species are closely related morphologically and bio-

chemically. Differences do exist in their fruit morphology and 

cucurbitacin D content. While the fruits of _g_. angolens is are ellip-

said, longitudinally variegated, pale yellow and have only traces of 

cucurbitacin D, fruits of _g_. dinteri are subglobose, deep yellow to 
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orange and very bitter (high content of cucurbitacin D) (Meeuse, 

1962). Hybridization studies between~- dinteri and~- sagittatus 

(~. angolensis could never be studied beyond the seedling stage) indi-

cated interspecific cross-compatibility. The species were cross-

incompatible w ith~- anguria var. anguria, ~- ficifolius, _g_. afri-

canus, ~- heptadactylus, ~- myriocarpus and failed to set fruits as 

pollen parent in cros ses with~- aculeatus, ~- africanus, ~- anguria, 

-52_. ficifolius and the diploid~- zeyheri. These results confirm 

Deakin et al. (1971) hybridization studies, whic h also failed to break 

the incompatibility barrier bet we en these and the other Cucumis 

species. 

Their peroxidase isozyme patterns were very similar, although 

differences existed in the frequency of the P.x
3

A and Px2 d bands 

(Table 36). This similarity in pattern was also demonstrated in the 

peroxidase banding patterns obtained after isoelectric focusing of 

the enzymes extracted from the ~- dint er i and~- s agittatus plant 

tis sues. The hybridization and zymogram data support Deakin et al. 

(1971) 1 s conclusions that the species are conspecific . 

The relationship of~- dinteri to other Cucumis species w as 

studied by comparison o f their zymogram and flavonoid data. C . 

dinteri had all of its GOT is ozymes in common with~- melo and C. 

metuliferus, but four of its five flavonoids with~- anguria. An over-

all similarity index calculated from all isozyme and flavonoid data 
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indicated that the species was closest related to C. anguria (simi-

larity index = . 59, Table 37). 

Cucumis as per 

Meeuse (1962) describes~- asper as a perennial dioecious 

species with dentate 5-lobed leaves, unique asperulous fruits and 

hairy seeds growing in rock crevices of South West Africa. The 

specie s was found to be diploid (2n=24 chromosomes, Dane and 

Tsuchiya, 1976). It failed to produce pistillate flowers and was cross-

incompatible with~- aculeatus and~- angur ia . 

Its peroxidase isozyme pattern lacked the Px
1 

peroxiclase like 

C. sativus but showed a cluster o f four (a' abc) bands at the Px
2 

locus 

(Table 36). ~- asper had the same three of its four GOT isozymes in 

common with~- s ativus and~- anguria (Figure 35). 

The peroxidase and esterase patterns obtained after isoelectric 

focusing of plant extracts from~- asper (Figure 33 and 34) show that 

~- asper lacks a high pl esterase c ommon to all Cucumis species 

and containes a unique peroxidase band (pl around 6. 4). The s imi-

larity indices calculated from all isozyme data show that~- asper is 

closer related to C. anguria, C. dinteri and C. sativus than to C . 

melo and C. metuliferus (Table 37) . 
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Relations hip Between the Wild and Cultivated Cucumis Species 

The genus Cucumis can be divided into a group of relatively 

cross-compat ible spec ies distributed over Southern Africa, Nige ria 

and Ethiopia, and a group of cross - incompatible species with the cul-

tivated Cucumis s pee ies (~- melo and ~- sat i vus) and three s pee ies 

indigenous to Southern Africa. L epp ik ( 19 66) bas e d his c onclusion 

about the primary gene cen~er of the genus Cucumis on phytogeograph-

ic and host- parasite relationships of the wild and c ulti vated Cucumis 

species. Many resistant~- melo Plant Introductions originated in the 

eastern Mediterranean area, but Indian ac ce ss ions we re found to 

contain most sources of insect and diseas e resistance (Appendix Table 

6 , Figure 10). The wild Cucumis species of both Ethiopia and South 

Africa are resistant to several pests and pathogens with species like 

~- heptadactylus and _g_. metuliferus of South Africa containing most 

of the resistant genes (Table 28). The geographical distribution of 

the wild Cucumis species, with species of the c ross- co mpatible and 

cross-incompatible group originating in South Afri ca also points to 

South Africa as the primary gene center o f the genus Cucumis. 

Cross-Compatible Cucumis species 

The cross-compatible group of species contains all polyploid 

(~- aculeatus , ~.figare i , ~- h e ptadactylus, and~. zeyheri), five 

annual diplo id (~. africanus, ~- anguria, ~- dipsaceus, ~ - lepto-

dermis, ~- myriocarpus) and t wo perennial diploid(~. ficifolius and 
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Table 28 . Wild Cucumis species wi th resistance to various diseases and insects. 

Diseases or Inse cts ,:' 
Tobacco 

Angular Root Ring Squash 
Bacterial Leaf Powdery Knot Spot Mosaic 

Spe cies PI Wilt Spot Milde w Aphids Mites Nematode Virus Virus 

c. aculeatus 193967 R R R T T 
196844 R R R T 

c. anguria 1.47065 R R R 
196844 R R T T 
233646 R R R 
282442 R R 

c. diesaceus 193498 R T T 
236468 s R R R ...... 

.i:,. c. he etadactylus 282446 R R R R R R \J1 

c. l eetodermis 282447 R R R T T 

c. myriocareus 282449 R R R s T T 

c. metuliferus 202681 R R R R R 

c. zeyheri 282450 R R R T T T 

,,, ... , 
R = resistant; T = to lerant ; S = s uscept ible. 

Data were taken from U .S.D.A., A .R .S., PI Service publications; Leppik, 1968 ; and Provvidenti 
and Robinson, 1974. 
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_g_. zeyheri) species (Table 29). Since~- heptadactylus produced 

fruits (without viable seeds) in crosses with~- myriocarpus (Deakin 

et al., 1971), it was considered a member of the cross-compatible 

group of Cucumis species . 

The species do exhibit different degr ees of cross - compatibility. 

The annual diploid, South African species, C . africanus, ~- lepto-

dermis and~- myrio carpus, have a strong incompatibility barrier 

with the polyploid species but develop fruits lacking viable seeds in 

crosses with the diploid~- anguria, ~- dipsaceus, ~- ficifolius and 

C. zeyheri (2x), although the reciprocal crosses were successful. 

~- anguria also failed to produce fruits in crosses with the polyploid 

species , developed sterile fruits with the diploid perennial species 

but vigorous F 1 plants with~- africanus and~- myriocarpus. Re-

ciprocal crosses of the perennial diploid arrl allotetraploid species 

with~- angur ia resulted in seed formation or the production of vigor-

ous F 
1 

plants ( Table 29). It is apparent that the annual Cucumis 

species developed strong cytoplasmic or embryo-endosperm incom-

patibi l ity barriers with the perennial species. Whether the hybrid 

inviability is cytoplasmic in origin or caused by an incompatibility 

between the embryo and its surrounding tissue may be resolved by 

embryo culture (Stebbins, 1958). Stebbins (1958) also observed 

stronger interspecific barriers between annual than perennial species . 

The low degree of cross-compatibility exhibited by the annual 

species was accompanied by a reduction in the number of bivalent 
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Table 29. Hybridization studies of the relatively cross - compatible Cucumis species. 

Growth':":' Male Parent 
Female Parent -·-O rig in''' 2n Habit 1 2 3 4 SA SB SC 6 ?A 7B 8 

1 c . aculeatus E 48 p F F F + F F F + + 
2 c. anguria E, SA 24 A F s F F s 
3 c . diesaceus E 24 A F 

4 c. fi.cifolius E 24 p F F F + + + + 
SAC . afr icanus S A 24 A s s s + F s 
SBC. le etode r mis SA 24 A 

SC C . myriocareus S A 24 A s + s s F F s s 
6 c. heetadactylus SA 48 p 

f--' 
fj::,.. 

?AC. zeyheri SA 24 p F F F + + + + s -J 

7B C . zeyheri SA 48 p + F + + + 
8 c. fig are i N 72 p F + s + F F + 

-~ -,-
E = Ethiopia ; SA = South Africa ; N = Nigeria. 

P = perennial ; A = annual. 
..... ........ , .. ....... .. , .... r-

F = F 1 plants ; S = frui.t w ithout viable seed; + = fruit with seed ; - = lack of fruit formation. 
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chromosome configurations and pollen sterility. Although F 
1 

plants 

of _g_. angur ia x _g_. dips ace us showed 8- 12 II ( an average of 10. 3 II, 

Table 14) in their pollen mother cells, the percent aborted pollen was 

extremely high (84%) and point to the presence of small rearrange-

ments of chromosomal segments leading to disharmonious combina-

tions of chromosomes in the gametes (cryptic structural hybridity; 

Stebbins, 1958, 1975). F
1 

plants of_g_. anguriax_g_. africanus also 

had 8- 12 II ( Table 30 ; an average of 11. 3 II per FMC), unequal 

chromosome distributions to the gametes resulting in 46% pollen 

abortion. Meiotic cells of the inters pecific hybrid between _g_. anguria 

and C. m y rio carpus, however, showed a considerable reduction in 

the number of bivalent chromosome c;:onfigurations with an ave rage 

of 7 . 1 II and a range of 3 -11 II per s porocyte (Table 31), but only 15 % 

pollen abortion. Since _g_, africanus and _g_. myriocarpus are closely 

related species or subspecies, chromosomal sterility can be ex-

pressed as a low amount of chromosome pairing or high degree of 

pollen sterility. A decrease in the number of bivalent chromosome 

configurations was associated with an increase in the formation of 

multiporate pollen grains: 
% 

Fl 
avg. no , % pollen % pollen normal 
bivalents 3- porate 4-porate pollen 

c. anguria x _g_. africanus 11 .3 99 l 54 

c. anguria x _g_. dipsaceus 10.3 87 13 16 

c. anguria x _g_. myr iocarpus 7.1 75 25 85 
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Table 30. Meiotic chromes ome configurations at metaphase I in F 1 plants of_g_. anguriax_g_. africanus (PI 275571) . 

Chromosome Configurations Number of 
II I Pollen Mother Cells 

12 11 

11 2 l 

10 4 2 

9 6 1 

8 8 1 

ll.3II 1.5 I X 

Table 31. Meiotic chromosome configurations at metaphase I in F 1 plants of_g_. anguria (PI 282442) x _g_. myriocarpus (PI 
203977). 

Ch romosome Configurations Number of 
II I Pollen Mother Cells 

11 2 1 

10 4 5 

9 6 4 

8 8 7 

7 10 6 

6 12 5 

5 14 3 

4 16 4 

3 18 2 

7 . 1 II 9 .6 I X 
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Perennial diploid species, _g_. ficifolius and _g_. zeyheri possess 

a weak incompatibility barrier with each other and the annual diploid 

species. F
1 

plants of C. zeyheri x _g_. dipsaceus _appeared to be 

heterozygous for a trans location (Table 32, Figure 31), since seven 

percent of their PMC 1 s had one quadrivalent. It was associated with 

semi-sterility, 46% a borted and 5 4% normal pollen and a lack of 

multiporate pollen (99% 3-porate and 1% 4-porate). A similar pollen 

behavior was found in F 
1 

plants o f .£_. anguria x _g_. africanus but was 

not accompanied by trivalent or quadrivalent chromosome configura-

tions. Structural chromosomal differences were also app~rent be-

tween the perennial diploid species, £.· ficifolius and.£_. z;eyheri, 

since eight to nine bivalents were counted in their interspecific F 
1 

pollen mother cells (Table 33). 

Interspecific triploid F
1 

plants between f.; aculeatus and C. 

anguria, .£_. ficifolius or.£_. zeyheri have 0-2 III and 6-12 II (Table 14, 

13 and 34) in their meiotic cells. The h igh,est average number of bi-

valents but lowest average number of trivalent c hromosome configura-

tio ns was observed in C . aculeatus x £.· ficifolius plants, while .£_. 

zeyheri appeared to hav~ more structural chromosomal d ifference s 

with the one genome of the allotetraploid £., aculeatus than.£_. anguria . 

Unequal chromosome distributions to the dividing gametes resulted 

in 25% po lien abortion in~- aculeatus x C. ficifolius F 1 plants, and 

11 % pollen abortion in£· aculeatus x C. zeyher i F 1 plants, while 
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T ab le 32 . Mei otic ch r omo s ome configurations at diakinesis and 
metaphase I in C . dipsaceus x f_. zeyheri (PI 364473) 
F 1 plants . 

Chr o mos o m e Configurations Number of 
lV II I P o llen M e the r Cells 

12 26 

11 (2pr )* 4 

8 (3 pr) 1 

11 2 23 

10 4 7 

9 6 1 

7 (2 pr) 6 1 

8 8 1 

1 10 4 

1 9 2 1 

0 .1 IV ll . 2II 1 . 4 I X 

.... ..,-
pr = preco cious separated biv alent . 



l ~? 
.) ... 

Figure 31. Meiotic chromosome configurations at metaphase I in C. 
dipsaceus x C. zeyheri (PI 364473) F 

1 
plants showing 1 IV 

+ 10 II , 4000x . 
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Table 33. Meiotic chromosome configurat ions at metaphase I in Fi 
plants of _g_. fi c ifolius (PI 28023 1) x _g_. zeyheri (PI 364473) . 

Chromosome Configurations 
II I 

9 

8 

8.3 II 

6 

8 

7. 3 I 

Numbe r of 
P ollen Moth e r Ce lls 

2 

4 

X 

Table 34. Meiotic chromosome configurations at metaphase I in F1 
plants of _g_, aculeatus (PI 196844) x _g_. zeyheri (PI 364473) . 

Chromosome Configurations Number of 
Ill II I Pollen Mother Cells 

1 9 15 1 

1 6 21 1 

7 22 1 

11 14 3 

0. 3 III 9. 2 II 16 . 7 I X 
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Fl 
avg. no. avg. no . % pollen % pollen 
bivalents tr i vale nts 3-porate no rmal 

c. aculeatus 
X 

c . angur ia 10.2 0 .3 40 

c. aculeatus 
X 

c. ficifoli us 11 .8 0. l 96 75 

c . aculeatus 
X 

c. zeyhe ri 9.2 0 .3 79 89 

c. zeyhe ri ( 4x) 
X 

c. zeyheri (2x) 10.8 0.6 64 41 

the highest number of unreduced gametes or multi- porate pollen 

grains were observed in~. aculeatus x ~- anguria F 
1 

plants. A 

similar meiotic chromosome behavior was noted in F 1 plants between 

the allotetraploid and diploid~- zeyheri (Table 24), which indicates 

that the diploid species have one ge nome in common wLth both allo -

tetraploids. 

Cucumi s fig are i, the allohexaplo id, is cross - compatible with 

the diploid and tetraploid Cuc umis species and forms an ave rage of 

0.3 trivalent and 12 . 2 bivalents in F
1 

plants of~. figareix ~. acule-

atus (Table 3 5, Figure 3 2). The s e pentaploid plants develop a high 

percentage (83%) of mult iporate and aborted (49%) pollen . Since more 

than 12 bi va lent s were obs erved in PMC ' s of~. figar ei x ~. aculea-

tus plants, the species have t w o g e nomes in common, one of which is 



155 

Table 35. M eiotic chromes ome behavior of pentaploid F 1 plants of 
Cucumis figarei x .f.: aculeatus (273649) . 

Chromosome Configurations 
III II I 

l 

l 

l 

0. 3 III 

18 

17 

12 

11 

10 

10 

9 

12.2 II 

21 

26 

36 

35 

37 

40 

42 

34.4 I 

Number of 
Pollen Mother Cells 

l 

l 

3 

2 

l 

l 

l 

X 

Figure 32. M eiotLc chromosome configurations at meta~has e i in po l -
len mother cells of .£_. fi gare i x .f..: aculeatus showing l III 
+ 18 II + 21 I ( 3 O O Ox) . 
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homologous to the genome o f the diploid c ross- c ompatible s pee ies . 

Mo re evidence for the presence of two homolog ous genomes in 

figarei was indicated by the relatively high percentage of 4-po rate 

pollen (26%), and the presence of lagging chromes ome configurat ions 

in anaphase I cells. Whether g_. zeyheri (4x) also has two genomes 

in c ommon with _g_. figarei remains to be investigated. Crosses be-

tween _g_. figarei and 52._. zeyheri (4x) resulte d in seed formation, but 

the see ds failed to germinate. 

Polyploidy c ombined with hybridization h as exerted a major in-

fluenc e on the evolution of plant species (Ste bbins, 1971) and is not as 

rare in the genus Cuc um is as o riginally thought (Kozuchov, 19 3 0; 

Shimotsuma, 1965). The spontaneous formation of polysomatic cells , 

known to occur regularly in the muskme lon (Ervin, 19 39 , 19 41) and 

found in root tip ce lls of the wild Cucumis species or the product i on 

of unreduced game tes, d etectable as multiporate pollen in various 

diplo id hybrids, may have caused the formation of polyploid plants . 

It seemed to be maintained only in; perennial plants since all naturally 

oc curring polyploid Cucumis species are perennial. Two of the poly-

plo i d species have efficient vegetative reproduc t ion syste ms. In C. 

aculeatus rooting occurs frequently at nodes, while _g_. heptadactylus 

develops sprouts from tube r ous r oots. This s uppo rts Stebbins' hypo-

thesis (1971) that successful polyploids are usually long-l ive d peren-

nia l species with efficient vegetative r e productio n systems needed to 

overcome the initial stages of semi-sterility . 
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Allotetraploidy was not associated with the development of 

multi- po rate pollen while the autotetraplo id Cucumis species produced 

3 8% 4 - po rate, and the allohexaploid 26% multiporate pollen grains. 

However, Funke (1956) and Mauriz io (1956) obs e rved an increase in 

the number of pores per pollen grain with an incre ase in ploidy level 

of both allo- and autoplo ids , although the increase was less pro-

nounce d in alloploids as compared to autoploids . 

Chromosomal rear rang e m e nts , also found in othe r genera of 

the Cucurbitaceae (Weiling, 1959; Shimotsuma, 1963), have affected 

the evolution of the Cucumis species. Only one interspecific hybrid 

was characterized by heterozygosity for a translocation, but reduced 

meiotic chromosome pairing and pollen sterility in inters pecifi c F 
1 

plants point to the presence of small chromosomal rearrangements or 

cryptic structural hybridity (Ste bbins, 1958). Additional meiotic 

chromosome studies are needed to uncover more chromosomal re-

arrangements and develop an evolutionary pathway for the diploid 

Cucumis species. _g_. anguria and~- dipsace us may have evolved 

from the same perennial ancestor (~. ficifolius or£· zeyheri?) and 

analyses of meiotic chromosome configurations of inte rspecific F 1 

hybrids between~- zeyher i or ~- ficifolius and C. anguria or C , 

dips aceus may provide an answer. 

Species of the eras s - compatible group show a high degree of 

similarity in their isoperoxidas e banding pattern. Mo s t spe cies have 

a similar Px
2 

cluster of bands (Figure s 6, 11, 13, 16, 22 ; Table 36 ) 
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Table 36. Fre-quency of peroxidase isozymes in leaf and stem tis sues of the wild and cultivated Cucumis 
s pee ies . 

Peroxidase Band Freguency at the Locus 

PI 
Px 1 Px2 Px

3 
Species Number a ' a b C d d' A B C N,:, 

c. aculeatus 193967 .8 1.0 1.0 1.0 .6 .2 .4 .6 5 
196844 .4 . l 1.0 1.0 1.0 . 7 . l . l .8 15 
273648 . 5 . l .8 . 8 .8 .5 . 5 .2 1.0 . l 15 
273649 . 5 .4 1.0 1.0 1.0 .6 .3 .4 .8 8 
273650 . 7 .4 1.0 1.0 1.0 .6 . l . l .4 . 1 28 

c. anguria 14706 5 .3 . 3 .3 . 3 . 3 .3 1.0 3 
19647 7 .6 .4 1.0 1.0 1.0 1.0 . l . 6 13 
2336 46 . 7 .4 1.0 1.0 1.0 1.0 .9 27 ,_. 
320052 .3 .3 .3 .3 .3 .3 1.0 3 u, 

00 

249894 .3 .2 .2 .2 .2 .2 1.0 6 
249 89 5 . 6 .3 .6 .6 .6 .6 1.0 7 
24989 6 . 3 .3 . 3 .3 .3 1.0 3 
249 897 1.0 1.0 1.0 1.0 1.0 1.0 1.0 2 
282442 . 3 .3 .3 .3 .3 1.0 3 
364475 l _. 0 1.0 1.0 1.0 1.0 1.0 1.0 2 

c. angolens is 1.0 1.0 1.0 1.0 1 

c . dinteri . 8 1.0 1.0 1.0 .8 . 8 5 

c. s agittatus 282 441 ,9 .2 1.0 1.0 1.0 .2 . 2 . l 9 
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Table 36. Continued. 

Peroxidase Band Freguency at the Locus 

PI Px Px
2 Px

3 1 
Species Number a ' a b C d d' A B C N,:, 

c. dipsaceus 19349D .9 . 7 .9 .9 .9 .9 1.0 18 236468 

c . ficifolius 280231 . 7 1. 0 1.0 1.0 . 7 .3 . 7 7 

c. asper 282443 1.0 1.0 1. 0 . 7 9 

c. figarei 3 43699 -9 1.0 1.0 1.0 1.0 .9 1.0 1.0 7 
343 700 . 6 1.0 1.0 1.0 1. 0 .4 1.0 .8 5 
3 43701 .4 -9 1.0 1.0 1.0 .6 1.0 .9 7 I-' 

u, 

'° c. he ptadacty lus 282446 . 8 1.0 1.0 1.0 1.0 .1 . 3 .7 .3 38 

c. afr icanus 20397 5 .2 1.0 1. 0 1.0 1. 0 1.0 . 4 . 2 5 
275571 . 8 . 2 . 9 .9 1.0 -9 . 3 . 1 .2 . 1 14 
374151 . 1 1.0 1.0 1.0 1.0 7 

c. leptodermis 282447 .8 .6 1.0 1.0 .8 . 1 . 8 31 

c. myriocarpus 203977 .4 .4 1.0 1.0 1.0 1.0 .2 .4 5 
282449 .5 .4 1.0 1.0 1.0 1.0 . 1 1. 0 .4 8 
299568 . 6 .4 .8 -9 .8 .8 1.0 16 
374 153 1.0 1.0 1.0 1.0 1.0 1 

c. melo .7 .5 1.0 1.0 .5 >1000 
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Table 36. Continued. 

Peroxidase Band Freguency at the Locus 

PI Px Px' 
1 1 Px2 Px

3 ---- , ,, 

Species Number al a b C d d' A B C N..,. 

~- prophetarum 179922 1.0 1.0 1.0 1.0 1.0 13 

c. metuliferus 20268~ 1.0 .9 . l 1.0 1.0 1.0 17 292190 

c. s ativus 1.0 1.0 1.0 > 100 

c . hardw ickii 215589 1.0 1.0 1.0 5 

~- trigonus 271337 1.0 1.0 1.0 5 ...... 
O' 
0 

c. zeyheri 203974 .9 .5 1.0 1.0 1.0 .8 .3 .3 .4 8 
274036 1.0 .4 1.0 1.0 1.0 .8 .3 .6 9 
282450 .9 .5 1.0 1.0 1.0 .9 .3 . l .6 8 
299569 . 8 . 1 1.0 1.0 1.0 .3 .4 10 
315212 .9 .9 1.0 1.0 1.0 1.0 .4 . 3 8 
364473 .9 .7 1.0 1.0 1.0 .8 . l . 3 9 
273192 . 8 1.0 1.0 1.0 .9 . 6 .9 . l 14 
299570 .9 . l 1.0 1.0 1.0 1.0 . 5 1.0 . 4 10 
299572 .6 1.0 1.0 1.0 1.0 . 6 .2 1.0 .6 5 
299571 A . 7 .3 1.0 1.0 1.0 1.0 . 7 1.0 . 3 .3 6 
299571 B . 9 .6 1.0 1.0 1.0 1.0 . 8 1.0 .4 . 3 8 
299571 C .s 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .3 4 

* N indicates the total number of samples run. 
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except for _g_. heptadactylus which has very anodically migrating iso-

peroxidases. Peroxidase alleles with multiple electrophoretic bands 

were also observed in ma iz e (Brewbaker and Has egaw a, 1975) and 

Cucurbita (Denna and Alex ande r , 197 5 ). The maize alleles, 

however , we re found to be under epigenetic control, while the Cucur-

bita allele did not show developmental changes and was found to 

b e codominant to an allele which produced only one band. The 

cluster of bands produced by the Px2 alleles of _g_. leptodermis and 

_g__. melo (abc or bed) was found to be under monogenic control, but 

additional Px
2 

bands (a ' and d') were observed in aged tis sues. Dif-

ferences at the Px
3 

locus are apparent and are found within as well 

as between species (Table 36). Most diploid and all polyploid species 

have the Px3 B peroxidase. C. anguria var. longipes, _g_. figarei, and 

C. myriocarpus have Px and C. africanus, C. leptodermis and C. - -----~-- 3A - ---- - -

zeyheri (2x) are characterized by a low or high frequency of the Px
3

C 

allele. It seems to indicate that the annual C. africanus and C. 

leptodermis may have evolved from the perennial _g_. zeyheri (2x) and 

that~- figarei obtained the Px
3

A peroxidase from _g_. anguria var. 

longipes or~- myriocarpus. However, since closely related species 

like C. africanus, ~- leptodermis and C. myriocarpus or varieties 

of one species (C. anguria) have different Px
3 

peroxidases, which are 

inherited as simple Mendelian c odominant genes, the evolutionary 

significance of the Px
3 

alleles is questionable. The lo w frequency of 

the Px
3 

alleles in some species must be attributed to tissue or 
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developmental differences, environmental effects or slight differences 

in substrate specificity (o-dianisidine is known to visualize more Px
3 

alleles than o-tolidine). 

An increase in ploidy level was found to have little or no effect 

on the activity or electrophoretic mobility of peroxidase isozymes, 

which is in agreement with results obtained by Smith and Conklin 

( 197 5) and De Maggio and Lambrukus ( 197 4). Although Bhatia et al. 

(1969) and Waines (1969) found a decrease in intraspecific variation 

with an increase in ploidy level, intraspecific variation was small in 

all Cucumis species. 

Peroxidase patterns obtained after isoelectric focusing of the 

enzymes extracted from the cross- compatible Cucumis species show 

a high degree of similarity (Figure 33). Analysis of peroxidases with 

a h igh isoelectric point place _g__. africanus, _g__. dipsaceus, _g_. fici-

fol ius, _g_. heptadactylus, _g_. myriocarpus, and _g_. zeyheri into one 

group and _g_. anguria, _g__. aculeatus, C. figarei and _g_. leptodermis 

in another. If other peroxidases are compared, however, the species 

will be distributed into slightly different groups. The peroxidase 

banding patterns obtained after isoelectric focusing show little rela-

tionship with the patterns obtained after electrophoresis. This may 

be the result of the use of o-tolidine on electrophoretic gels versus 

o-dianisidine on isoelectric focusing gels but more likely of the 

chelating action of the ampholines . 



pH 
5 .0 

... ---------- ---

8.0-------------~-----------~_J 

Fi.g ur e 3 3 . Peroxidase iso e leclric focusing pattern of wild and cultivated Cucumis species. 
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While the GOT isozyme patterns of the cross -compatible s pe-

cies were similar, differences we re observed in their esterase iso-

electric focusing patterns (Figures 34, 35). The Ethiopian species 

seemed to have many high pl esterases m common and the South 

African species did likewise. 

Chromotographic flavono id patterns of the cross -compatible 

species (Brown et al., 1969) supported earlier conclusions about the 

close relationship between~- afr icanus, ~- leptodermis, ~- myrio-

carpus and the autotetraploid ~- heptadactylus. __g_. zeyheri' s flavo-

noid pattern however, showed more similarities with that of the 

Ethiopian species. 

Similarity indices, calculated from the peroxidase and esterase 

isozyme banding patterns and flavonoid data of the species failed to 

show correlations. High similarity indices (varying mostly between 

0. 8-1. 0 ) were obtained by c omparing the peroxidase electrophoretic 

or isoelectric focusing patterns, but much lower values (varying 

mainly between O. 3-0. 7) were found by comparing esterase isoelec,,-

tric focusing patterns and even lower values (varying between O and 

0 .8) if flavonoid data were used. It is apparent that more inter spe-

c ific differences can be detected by paper chromatography of flavo-

noid compounds than by electrophoresis or isoelectric focusing of the 

plant 's enzymes. Electrophoresi s and isoele ctr ic fo c using do detect 

only a small fraction (22%) of all possible mutations, only those that 

cause differences in the net electric charge of the protein molecule 



pH I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

5.0 -, I _ ..,. ___ . _ ,_ 

8.0 

Figur e 34. Esterase is oele ctr ic fo c us i.ng pattern of the wild and cultivated Cucumis s pee ies . 

l. £.. anguria (1 47065 x 282442) 12. C . zeyhe d (2995 71 A) 
2 . C . anguria (3 64475) 13. c . acu le atus (2736 48) 
3. C. ~.liesaceus 14. c. a. c uleatus (196844) 
4 . c . zeyhe ri (36 4473 ) 15 . c. fi cifolius 
5 . c . zeyheri (28245 0) 16. c . figarei 
6. c. zeyhed (2 73192) l 7 . c. sativus 
7. c . myrio c aq~us (2 99568) 18. c. me lo 
8 . c. my.riocareus (374153 ) 19. c. heetaclactylus 
9 - c . africanus (2 7 557 1) 20 . c . metu] iferus -

10. c . afr icanus (37 4151 ) 21. c . as ec l" 
11 . c. zeyheri (299571 C) 2.2. c. dinteri 

e ., 
a ·. 
Ul 
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GLUTAMATE OXALOACETATE TRANSAMINASES 
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F igure 35 . Gluta m a t e oxa loa ce t ate t raus aminas e banding pattern of wild and c ultivated Cucumis s pc cies . 

• 
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(Powell, 1975). And similarity indices bas e d on isozyme banding 

patterns may overestimate the evolutionary relationships between 

closely related species . 

Cross -Incompatible Cucumis Species 

The cross-incompatible group of species includes two of the 

economically i mportant Cucumis species, the muskmelon or canta-

loupe (_g__. melo) and cucumbe r (_g__. sativus), and three wi ld species, 

the annual _g__. metuliferus, and perennial _g__. as per and _g__. dinteri. 

Cucumis melo and C. leptodermis sho w str iking similarities in 

the migrational and genetic behavior of the Px2 peroxidase alleles, 

and in their chromatographic fla v onoid pattern ( Brown et al., 1969) . 

The GOT isozyme pattern of _g_. melo, however, shows many differ-

ences with that of the cross-compatible spec ies (Figure 35). The 

overall similarity index c al culate d from all isozyme and flavonoid 

data (Table 37) point to _g_. leptodermis as the closest relative o f C. 

melo. Their inters pe cific inco mpat ibility barrier can be explained 

by their annual growth habit which resulted in the development of 

strong cytoplasmic or embryo-endosperm crossing barr iers. 

Cucumis sativus is different from all other Cucumis species 

because of its unusual lo w chromosome number (2n=l4). It is char-

acterized by the Px2 B peroxidase cluster and a fla v onoid pattern dif-

ferent from that of all other Cucumis species. Antibodies developed 

against the P x 2 B peroxidas e cluster precipitated perox idases of the 
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Table 37. Similarity index values calculated fr o m the per oxidase (Figure 33; Ta ble 36), esterase (Figure _,_ 

34), GOT (Figure 35) and chromatographic flavonoid patterns (Brown et al., 1969) .-·-

c. C. C. C. C. C. C. 
Species anguria aseer d inter i leetodermis me lo m e tuliferus sativus 

c . anguria 

~- asper . 47 

c . dinteri .59 .47 

c . le et oder mis .56 .39 .45 

c . me lo .3 4 .3 6 .42 . 51 

~- m etul iferus .28 . 36 .34 .40 . 3 1 ...... 
0--
00 

c . sativus .33 . 48 . 31 . 43 .34 .46 

Similar ity in dex = number of ba nds and/or compounds in common d ivide d by the total num be r of 
bands and / or c o mpounds . 
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P x 1 , P x 2 and P x 3 loc i o f the cross-compatible and c r oss-incompatible 

Cucumis species (Figure 4). Precipitin patterns observed in the 

double diffus ion plate tests ar e illustrated in Figure 3 6. Serologically 

identical antigen solutions will show precipitin bands arching into a 

chevron . Partial identity is indicated by the development of a spur 

growing towards the hete rologous antigen (Crow le, 1973). However, 

spurs can be produced by use of dis proportionate reactant quantities. -

Low concentrations of cucumber pe roxidases and _g__. aculeatus, f_. 

rr,i.etuliferus, and C. melo peroxidases (Figure 36a, c and e), tested ---
against the cucumber peroxidase antibodies resulted in the appearance 

of spurs. An increase in antigen concentration, however, indicated 

that the observed spurs were artifacts (Figure 366, d and f) and that 

the antigenic determinant sites of peroxidase isozymes from the 

different Cucumis species are identical. The individual Px
2 

b, c and 

d perox idase i sozyme s of the c ucumber also have identical antigenic 

determinant sites. 

Cucumis sativus plants lack the Px
1 

peroxidase found in all Cu-

cumis species except _g__. aspe r and one GOT isozyme found in all 

cross-compatible Cucumis species (Figures 11 and 35). Table 37 

indicates that f_. sativus has more isozymes and flavonoids in com-

mon with f_. asper and f_. metuli fe rus than with the other species. 

The presence of 24 metacentr ic chromosomes in all diploid Cucumis 

species and longer chromosomes with secondary constrictions in C. 

sativus and the observed similarity of isozyme pattern suggest that 
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Figure 3 6. Immune diffusion test plates withs;;_. aculeatus (A), s;;_. 
melo (M), .f_. metuliferus (E), C. sae ittatus (S), a:id 
s;;_. sativus ( C) peroxidase antigens and serum II to the 
g_. sativus peroxidases. 
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the C. sativus karyotype evolved from that of the other Cucumis 

species. 

Cucumis m e tuliferus i s distinctly differ e nt from all other spe-

cies, which is expressed not only in its morphology but also in its 

isozyme and flavonoid patterns (section 11 Cucumis Species from South 

and South West Africa", subsection 11 Cucumis metuliferus" of this 

chapter). It appeared to have most isozymes and flavonoids in 

common with C . s ati vus . 

The other cross-incompatible Cucumis species, _g_. asper and 

f__. dinteri have woody whitish basal stems and a perennial growth 

habit, but while f__. dinteri is monoecious, C. as per is dioecious. 

Table 37 indicates that the species have many isozymic variants in 

c ommon but that C. dinteri is closer related to f__. anguria. 

Comparisons of the cross-incompatible species were based on 

similarity indices, calculated from isozyme and flavonoid patterns . 

The index will underestimate the evolutionary relationship of closely 

related Cucumis species, but overestimate that of distantly related 

Cucumis species since the presence of unusual (Px 
1

1
) or the absence 

of common (Px 1 ) bands will be weighted equally with the presence or 

absence of isozymic variants under monogenic control . 

Although Lewontin (1974) found a high degree of genetic poly-

morphism and hete rozygos ity in animal s pee ies, and Allard et al . 

(1971) in plant species, most species in the genus Cucumis showed 

homozygous peroxidase loci. Polymorphism w as observed at the Px
2 
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l ocus in C. anguria, _g_. heptadactylus, _g_. leptodermis and _g__. melo, 

and at the Px3 locus in C. anguria and _g__. myriocarpus. While both 

Px2 alleles were about equally distributed among _g__. melo access ions 

(P = 0 .51), only one C . anguriaaccessionhadthe P x
2 

allele. 
Px2 A - B 

Not only do the Cucumis species show a lack of polymorphism, they 

also have a low number of peroxidase loci as compared to other plant 

species (Scandalios, 1974; Brewbaker and Hasegawa, 1975; Rick et 

al., 1974). It must be r elate d to their breed ing system. Although 

t h e Cucumis species are monoecious or dioecious, the cultivated 

species are known to exhibit a low degree of inbreeding depress ion, 

which has been related to their small population size maintained not 

only under cultivation but also in nature and has resulted in inbreed-

ing despite their floral mechanis m favoring outcros sing (Whitaker 

and Davis, 1962) . 
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SUMMARY AND CONCLUSIONS 

The evolution of the wild and cultivated Cucumis species was 

studied by the determination and comparison of : 

1. the seed, leaf, ovary, pollen and fruit morphology, growth 

habit and sex express ion of the species; 

2. the self-compatibility and intra- and inter-specific cross-

compatibility levels; 

3. the basic chromosome number; the pollen fertility and 

meiotic chromosome behavior of the polyploid species and of inter-

specific hybrids; 

4. the variation, inheritance and geographic distribution of 

electrophoretically detectable peroxidase isozymes; 

5. the glutamate oxaloacetate transaminase (GOT) isozyme 

patterns obtained after polyacrylamide gel electrophoresis, and 

esterase and peroxidase patterns obtained upon isoelectric focusing of 

the enzymes extracted from two-three - week- old leaf and stem tis sues; 

6. the identity, part ial identity or non-identity of the antigenic 

determinant sites of the peroxidase isozymes by double immune dif-

fusion tests in which Cucumis peroxidases are compared using anti-

serum to the __g_. sativus peroxidases ; 

7. similarity indices, calculated from is ozyme and flavonoid 

(Brow n et al., 1969) patterns . 
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The genus can be divided into a group of diploid cross-

incompatibJ.e species which includes the cultivated _g_. melo (2n=24) 

and _g_. sativus (2n=l4) and three South African species (_g_. asper, _g_. 

dinteri and _g__. metuliferus , with 2n =24 chromosomes), and a group of 

cross-compatible species distributed over South, East . and West 

Africa. 

The cross - compatible group contains three tetraploid (_g_. acule-

atus, _g_. heptadactylus and _g_. zeyheri, with 2n=48 chromosomes), 

one hexaploid (_g_. figarei with 2n=72 chromosomes ), five annual di-

ploid (_g_. africanus, _g_. anguria, _g_. dipsaceus, _g_. leptodermis and 

_g_. myriocarpus, with 2n=24 chromosomes) and two perennial diploid 

(_g_. ficifolius and _g_. zeyheri, with 2n=24 chromosomes) species . 

The tetraploid _g_. aculeatus from Ethiopia and C. zeyheri from South 

Africa, and the hexaploid show only bivalent chromosome configura-

tions at metaphase I, while the chromosomes of _g_. heptadactylus, 

which is indigenous to South Africa, form quadr i valent configurations . 

The autotetraploid nature of C. heptadactylus was also apparent in its 

pollen morphology . While the diploid and other tetraploid species de-

velop 96-100% 3-porate pollen, 38% of the pollen mother cells of C. 

heptadactylus produced pollen with four or more pores. The hexa-

ploid Cucumis species also showed an increase in the number of 

pores per pollen grain (26% 4- porate) . 

The annual Cucumis species showed the strongest, cytoplasmic 

or e mbryo-endos perm, incompatibility barriers with the perennial 
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species. While C. anguria developed vigorous F 1 plants in crosses 

with C, africanus and C. myriocarpus, the reciprocal crosses re-- -
sulted in fruits lacking viable s e e ds. Fruits with inviable seeds we re 

also produced between the annual species and the perennial diploids, 

while crosses with the allotetraploids were unsuccessful, but the re-

ciprocal crosses resulted in vigorous F 1 plants. Meiot i c chromo-

some studies of interspecific F 1 hybrids (Figure 37) indicated that 

the cross -compatible species have at least one genome in common 

and that chromosomal rearrangements have exerted an influence on 

the evolution of the Cucumis species. Although only one interspecific 

hybr i d was found to be heterozygous for a trans location (_g__. dipsaceus 

x ~. zeyheri) cryptic structural hybridity was indicated in other inter-

specific hybrids by a reduction in pollen fertility or in bivalent 

chromosome configurations. All polyplo~d species are perennial and 

have efficient vegetative reproduct ion systems . 

Most species in the genus Cucumis displayed a homozygous 

peroxidase banding pattern characterized by peroxidases at three in-

dependently segregating genetic loci (Px 1 , Px2 and Px
3

). Px
1

, the 

most anodically migrating peroxidase is absent in _g__. asper and g_. 

sativus and displaced in C. metuliferus. peroxi-

dase s, the least anodically migrating, are lacking in C. 

asper, _g__. melo, _g__. metuli ferus and C. sativus. Peroxidase poly-

morphism was observed at the Px 2 locus in C. anguria v ar. longipes, 

C. heptadactylus, C. leptodermis and C. melo, and at the Px3 locus 
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in C. anguria and C. myriocarpus. The variant Px2 alleles o f _g__ . 

melo and _g_. leptodermis, which are represented by a cluster of three 

bands, are codominantly inhe rited. The Px
3 

alleles of C . myrio-

carpus are also c odo minant . 

Some species showe d unique pe roxidase banding patterns (~ 

anguria var. anguria, _g_. asper, _g_. figarei, _g_. heptadactylus, C. 

leptodermis , _g_. melo, ~- metuliferus and~- sativus), but similari-

ties were apparent . Thi s was als o indicated by the immunological 

studies which showed that the antiserum to the cucumber peroxidases 

(Px
2

B) precipitated peroxidases of the Px 1 , Px2 and Px3 loci of the 

cro ss-compatible and cross -incompatible Cucumis species and that 

t he antigenic determinant sites of these peroxidases were identical . 

Muskmelon (_g_. m e lo) Plant Introductions showed a geographic 

variation in the i r Px2 allele frequencies, which could not be corre-

lated w ith variation in m orpholog ical characters. It could have been 

the result of slightly different selection pressures on the individual 

alleles, since disease resistant~ melo accessions (except mildew 

and Macrosporium resistant PI' s) were found to have a high frequency 

for the more anodi c ally migrating Px2 A allele, and since the dis tr i-

bution of the alleles appeared to be nonrandom. However, the estab-

lishment of small populations m some areas may have resulted m 

inbreeding despite the floral m echan ism favoring outcros sing . 

The cross -in c ompatible species could be distinguished from 

each other and from the group of cr o ss -compatible species by their 



• 178 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

GOT banding pattern. The differences were less significant in their 

esterase and peroxidase isoelectric focusing patterns, although 

unique specie s - specific patte rns we r e obs e r ved. An increase in 

ploidy level was found to h ave litt le or no effect on the activity or 

electrophoretic mobility of the p e rox idase, GOT, and esterase iso-

zymes. 

While h igh similarity index v alue s w e re obtained when the 

peroxidase isozyme patte rns of the Cucumis species wer e compared, 

lower values were found when esterase bands were used and even lower 

values when their chromatographic flavonoid patterns were compared. 

The results of the biochemical, cytological, morphological and 

hybridization studies suggest the following phylogenetic relationships: 

1. _g_. melo (the muskme lon or cantaloupe) is closer related t o 

a group of South African specie s, _g_. africanus, C. leptodermis and 

C . myriocarpus than to othe r Cu c u mis species. 

2 . _g_. sativus, the cucum b e r , is closer related to _g_. as per and 

C. metuliferus than to other Cuc umis species . _g_. hardw ickii and 

C. trignous are conspecific to _g_. sativus. Their karyotype with 

Zn= 14 chromosomes probably e volved from that of the other Cucumis 

species with 2n=24 chromosome s . 

3 . C. angur ia var . anguria (the We st India gherkin) descended 

from Ethiopian acc e ssions, wh ich ar e conspecific to the South Afri-

can C. anguria var . long ipe s . 
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4. _£. africanus, £· leptodermis and£· myriocarpus can be 

considered as subspecies, which are closely related to the autotetra-

ploid £· heptadactylus . 

5. C. ficifolius is one o f the ancestors of the allotetraploid 

C. aculeatus . 

6. The diplo id C . zeyheri is one of the progenitors of the allo-

tet:raploid £. zeyher i . 

7. C. acule atus has two genomes m common with the hexaploid 

C. figarei . 

8. C. dinteri, which is conspecific to£· angolensis and_£. 

sagittatus, is closer related to C. anguria than to any of the other 

cross-incompatible species . 

Phytogeogeographic and host-parasite relationships of the wild 

Cucumis species point to South Africa as the primary gene center of 

the genus Cucumis. Only specie s from the successful cross-

compatible group moved northward to Ethiopia where a secondary 

gene center was established and to Nigeria . 
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• Appe n dix Ta ble I. D istributi o n of Cucu m is m elo peroxidase genotypes . 

P e roxid ase Ge n ot l!:ee Ge ne F r e g . 2 Country Px2APx 2A Px Px Px2 B Px2 B N p X 2A 2B Px2A 
Afghan ist an 69 9 8 50 217 . 54 3.32 
.tu ge nti na l 
Asia • Auslralia 
Aus t r ia 
13elgium 
Bu r ma 2 
Afri c a l 
C anada 9 34 4 47 . 55 1.06 
Chi na 4 6 11 .27 4 . 55 ~' 

• E c uador I 
Egypt 3 6 5 14 . 43 .58 
El Salvador 4 6 
F:thiopia 
Fi n land l I 
France 2 3 
<.~re ece 3 2 6 
Hungary 2 3 • I ndia 101 14 1 4 1 283 .6 1 25 . 44"'°) 
lra n 23 49 6 78 . 6 1 7. 42 ')'~ 
Is rael 3 3 7 
J apan l 12 3 16 . 44 .50 
Eorea 3 3 
Lebanon 
Mexi c o 2 2 4 

• Moroc co 
et her la nd s 

Nigeria I 
Pakistan 2 2 
l"eru I 2 
P o rtugal l l 
Saudi Ara b ia 3 3 
Senegal • Sout h Afr i ca l 2 3 
Spa in 3 7 10 .65 1.80 
Sy r ia 3 7 11 .23 3.28 
S w itzerland l 
Taiwan 2 2 
Thailand 
T ur key 37 74 1 14 225 . 33 26.36 ''* 
U .S . A . 3 3 5 11 . 41 . 72 • U . S .S . R . 2 8 9 19 .32 2.58 
West Pakis t a n 3 

U .S. Variet ies 40 75 40 155 . 50 0 

Total 3 19 542 30 2 11 63 . 5 1 0 . 50 

t.~ 
Significant a t th e . 0 5 level of p robab i l ity . • ::c 
S ign ifi cant at the . 01 Leve I of p ro babi lity . 

• 

• 
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Appendix Table 2. Fruit shape index of Cucumis melo Plant Introduc-
tions from various countries . • 

Fruit Length Fruit Width L/W L/W 
Country (cm) (cm) Index CV N 

Afghanis tan 22.6 15 .1 1.53 35.6 207 • China 21.2 15.0 1.44 24 .1 9 

Egypt 23.8 12.4 1.97 45.8 14 

India 21.9 14.2 1.68 67.3 236 

• Iran 24.4 15.6 1.64 61.3 72 

Japan 16.6 12.2 1.38 41.1 18 

Syria 26.4 13. 6 2 .14 82.9 8 

Turkey 20 . 9 13 , 7 1.64 61.5 150 • U.S.S.R. 21. l 14.8 1.44 50.0 23 

Appendix Table 3 . Genotype and gene frequency of round, oblong and 

• elongate fruits of Cucumis melo Plant Introductions 
from various countries . 

Fruit Shaee Genotyee Freguency 
Round Oblong Elongate Gene 

x2 Country L/W=l. 0 1< L/W< 2 L/W~ 2 N Freg. • Afghanistan . 13 .76 . 11 204 .51 .25 

China 1.00 7 .50 0 

Egypt .07 . 57 .36 14 .36 2.29 

India .20 . 56 .24 214 . 48 .60 • Iran .26 . 5 4 .20 69 .53 .46 

Japan .44 . 44 . 12 16 .66 3.13 

Syria .29 .29 . 43 7 .44 .29 

• Turkey .22 .5 9 . 19 143 .52 .35 

U.S.S.R. .33 .52 .14 21 .59 1.52 

Total .20 . 62 . 18 695 . 51 

• 

• 
---- ---- -----
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Appendix Table 4 . Fruit color of Cucumis melo Plant Introductions 

• from various countries . 

Fruit Color 
Country % Ye llow % Orange % Green N 

Afghanis tan 60.4 33 .8 3.6 222 • China 44 . 4 55.6 9 

Egypt 80.0 10 . 0 10 

• India 58.2 32.9 8.5 213 

Iran 61. O 26.0 8.0 77 

Syria 77.8 11 .1 11. 1 9 

• Turkey 57.3 15.3 26.8 157 

U.S.S.R, 83.3 16.7 18 

Japan 80.0 6.7 6.7 15 • 
Total 60.4 27.3 10.6 

• 

• 

• 

• 

• 
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Appendix Table 5. Fruit surface of Cucumis Melo Plant Introductions 

• from various countries . 

Fruit Surface 
Country % Smooth % Furrowed % Netted % Wrinkled N 

• Afghanistan 38.3 33. 0 17.0 9.6 188 

China 44.4 22.2 33.3 9 

Egypt 40.0 40.0 10.0 10.0 10 

• India 38.5 3 7.7 21.0 1.6 252 

Iran 44.2 31.2 22.1 2.6 77 

Syria 37.5 50.0 12.5 8 • Turkey 24.8 17.4 14 .9 41.4 161 

U.S.S.R. 63.2 26.3 10.5 12.3 19 

• Japan 55.0 35.0 0.5 20 

Total 37.3 31.1 18.1 11.9 

• 

• 

•• 

• 

• 
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Appendix Table 6. Cucumis melo Plant Introductions from various countri e s with resistance to downy 
mildew, pow de ry mildew , gummy stem blight, anthracnos e , and Macroseorium. 

Country Downy Mildew Po wde ry Mildew Gummy Stem Blight Anthracnos e Mac roseorium .. ,., 
% (Nr- % (N) % (N) % (N} % (N) 

Egypt 37.5 (8) 0 (7) 0 (1) 0 (7) 0 ( 0) 

India 43 .6 ( 101) 24. 5 (94) 3 . 4 (29) 10.7 (56) 28 . 6 (28) 

Syria 28.6 (7) 0 (5 ) 0 ( 1) 0 (2) 0 ( 3) 

Turke y 17. 1 ( 129) 0 . 8 ( 119) 0 ( 11) 2 . 1 (21 ) 15. 1 (7 3 ) 

~::::: 
N indicate s the total numbe r of PI 1 s te ste d. 

• 

N 
0 
N 
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