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Biochemical Markers for Carica papaya, C. 
cauliflora , and Plants from Somatic Embryos of 
Their Hybrid
G.A. Moore1 and R.E. Litz2
Fruit Crops Department, Institute o f Food and Agricultural Sciences, University o f F lorida, 
Gainesville, FL 32611
Additional index words, isozyme, papaya
Abstract. Isozyme markers for glutamate oxaloacetate transaminase (GOT), superoxide dismutase (SOD), peroxidase 
(PER), and malate dehydrogenase (MDH) were identified for Carica papaya L. and the related but sexually incompatible 
C. cauliflora Jacq. These markers were used to determine the nature of somatic embryos derived from papaya ovules 
cultured on modified Murashige and Skoog (MS) medium 65 days after controlled pollination with C. cauliflora. 
Zymograms of plantlets from somatic embryos contained bands specific to either C. papaya or C. cauliflora (PER, 
GOT) and a unique band not present in the zymogram of either species (PER). Zymograms of somatic embryo-derived 
plantlets were distinctively different from those of either of the Carica species for all the enzyme systems examined. 
Evidence from isozyme markers indicates that somatic embryos produced from cultured papaya ovules following 
pollination with C. cauliflora may be hybrids. The isozyme banding patterns of 60 plantlets derived from somatic 
embryos from the same ovule were very uniform and suggest genetic uniformity among the regenerated plantlets.

The papaya, Carica papaya, is one of the most widely grown 
fruits in the tropics. In recent years, a serious disease caused by 
papaya ringspot virus (PRV) has affected adversely papaya pro-
duction in many parts of the world. Efforts to identify sources 
of resistance to PRV and to transfer this resistance to papaya 
have been reported (2, 8). Conover and Litz (3) found that PRV 
resistance in some papaya accessions from South America was 
conferred by a complex of genes. Monogenic resistance to PRV, 
which is conferred by a dominant gene, has been identified in 
3 other Carica species, C. stipulata Badillo, C. cauliflora, and
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2Assistant Professor, Institute of Food and Agricultural Sciences, Agricultural 
Research and Education Center, Homestead, FL 33031.

C. pubescens Lenne & Loch (8, 9). All of the PRV-resistant 
species are sexually incompatible with papaya.

Khuspe et al. (11) reported the successful in vitro culture of 
immature zygotic embryos from crosses between C. papaya and 
C. cauliflora. Litz and Conover (13) observed that polyem- 
bryony occurred in cultured papaya ovules derived from the same 
interspecific cross. The embryogenic response was highly de-
pendent upon the maternal genotype and could not be induced 
in some papaya types (15). The somatic embryos could be in-
duced to germinate and regenerated plants have been established 
in the greenhouse (14). These plants closely resembled the ma-
ternal papaya parent. However, because in vitro polyembryony 
occurred only rarely, histological studies were ineffective in 
determining the anatomical origin of the somatic embryos. If 
the regenerated plants are interspecific hybrids, they could be 
used to transfer PRV resistance from C. cauliflora to papaya.

Biochemical markers such as isozymes have been used widely 
to identify both sexual and somatic hybrids (1, 5, 6, 23, 24). 
Isozyme bands have been used also to characterize the amount 
or kind of variability present in plant populations produced through
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both in vivo and in vitro methods (6, 7, 18). Little work has 
been done to identify biochemical markers for papaya. Jindal 
and Singh (10) investigated the total protein electrophoretic banding 
patterns of male and female papaya plants at various stages of 
development. Isozyme banding patterns of mature fruits and 
leaves of some papaya cultivars were reported by Tan and Wein- 
heimer (22).

The current study was undertaken to: 1) establish biochemical 
markers for C. papaya and C. cauliflora; 2) determine if somatic 
embryos derived from cultured polyembryonic papaya ovules 
after pollination with C. cauliflora are maternal or zygotic in 
origin; and 3) characterize plantlet populations from such cul-
tures for variability in isozyme patterns as evidence for soma- 
clonal variation.

Materials and Methods
Ovule culture. Pistillate flowers of dioecious plants of C. 

papaya were enclosed in glassine bags 2-3 days prior to flow-
ering. Pollen from staminate plants of C. cauliflora was applied 
directly to the stigmas of open papaya flowers and the flowers 
were rebagged. Young fruits were harvested 65 days after pol-
lination and were surface-sterilized with 1 c/c sodium hypochlorite 
for 30 min. Ovules were removed aseptically from bisected fruit 
following a sterile, distilled water rinse and were cultured on 
sterile MS (17) medium that had been modified accordingly: 
half strength major salts and chelated iron, 60 g/liter sucrose, 
400 mg/liter glutamine, and 8 g/liter Difco Bacto agar (14). 
Filter-sterilized coconut water (20% v/v from freshly harvested, 
8-10 cm long, immature coconuts) was added to the autoclaved 
medium. Ovular callus was removed from polyembryonic cul-
tures and was subcultured on the same medium for 1 month, 
after which it was transferred to liquid medium without coconut 
water in order to induce efficient somatic embryogenesis. Plant- 
lets were regenerated following the procedure of Litz and Con-
over (14) by transfer of mature embryos to medium with 
benzylamino purine (BA) and naphthaleneacetic acid (NAA). 
The pH of all media was adjusted to 5.7 with 0. I n  HC1 or KOH 
prior to autoclaving at 1.1 kg/cm2 and 120°C for 15 min. Liquid 
cultures were maintained in 125-ml Erlenmeyer flasks on a rotary 
shaker at 100 rpm. All cultures were grown under a 16-hr pho-
toperiod (1.2 klx) at 25°.

Sampling of plant materials. Sixty germinated plantlets de-
rived from somatic embryos from a single ovule were sampled 
for electrophoresis and isozyme staining. All sampled plantlets 
had well-defined radicles and cotyledons and ranged from 10- 
30 mm in length. Germinating zygotic embryos were dissected 
also from seeds of open-pollinated C. papaya and C. cauliflora. 
Ten germinating embryos (10-30 mm) of each species were 
sampled. For each sample, the entire germinating embryo or 
plantlet was weighed and ground with 0.1 ml chilled extraction 
solution for each 100 mg of tissue.

Leaf tissue was taken from C. papaya and C. cauliflora seed-
lings which were maintained in the greenhouse. Twenty seed-
lings of each species were sampled at 2 separate times, when 
they were about 10 and 20 cm tall. Leaf tissue was taken also 
from 4 staminate and 5 pistillate mature, field-grown C. papaya. 
In each case, the petioles and large veins were removed from 
the leaves before weighing and grinding. The leaf tissue was 
ground with 2 ml of chilled extraction solution per gram tissue. 
All operations after sample collection were done at 4°C. Prelim-
inary experiments with several extraction solutions and buffers 
showed that the best solution could be obtained with 10% sucrose 
dissolved in distilled water. A small amount of insoluble

polyvinylpyrrolidone was added to each sample as it was ground. 
Each sample was centrifuged at 1 3 , 0 0 0  g for 5 min after grinding 
for 2 - 3  min. The samples were then divided into 1 0 0  | j l 1 portions 
and either used immediately after preparation or kept frozen at 
-5 °  for periods of up to 1 week.

Electrophoresis and isozyme staining. The apparatus used 
to form and run the slab acrylamide gels was that of Driedger 
and Blumberg (4). Gels were prepared from a stock solution of 
28.38% by weight acrylamide and 1.62% by weight of meth- 
ylenebis-acrylamide. The gels were 7.5% acrylamide, 0.375 m  
Tris-HCl (pH 8.8), 0.025% by volume of NNNN-tetramethyl- 
ethylenediamine (TEMED), and 0.025% by weight of ammo-
nium persulfate. The electrode buffer was 0.025 m  Tris base 
and 0.194 m  glycine, pH 8.3. Bromphenol blue was included 
as a tracking marker. Gels were run at 4°C and 35 mA for 3 hr 
or until the tracking dye reached the bottom of the gel. Staining 
was for PER, MDH, GOT, or SOD. The PER stain used was 
that of Smith et al. (21), with 5 jxl of sample loaded on the gels. 
The MDH stain used was that of Scandalios (19). the GOT stain 
was that of Shaw and Prasad (20), and the SOD stain was that 
of Moore and Collins (16). For these stains, 10 (j l I of each sample 
was loaded on the gels.

Each sample, for each enzyme studied, was run at least twice 
on a separate gel and in a random slot position. All gels were 
scored for band migration as compared to that of the tracking 
dye (Rf = distance from origin to band/distance from origin to 
front) and the intensity of individual bands was scored visually.

Results
Production of somatic embryos. Globular somatic embryos 

developed from papaya ovular callus in large numbers following 
transfer to coconut water-free medium. Germination of the so-
matic embryos occurred following transfer to medium with BA 
and NAA (Fig. 1). A low percentage of germinating somatic 
embryos demonstrated certain morphological anomalies such as 
hypocotyl branching, polycotyledony, fused cotyledons, fascia- 
tion, and loss of apical dominance. Most of these anomalies 
disappeared with advancing age. Regenerated plants closely re-
sembled the maternal parent papaya.

PER isozyme banding patterns. PER zymograms for papaya 
seedlings, C. cauliflora seedlings, and plantlets from the somatic 
embryos are shown in Fig. 2 and 3. The PER banding pattern 
of germinating papaya embryos, papaya seedlings of both sizes, 
and mature papaya leaves of both sexes were similar. The zym-
ograms of C. cauliflora germinating embryos and seedlings were 
also similar, but distinctly different from those of papaya. Band-
ing patterns of plantlets from the somatic embryos contained a 
unique PER band, band 2 (Rt 0.44), not found in either papaya 
or C. cauliflora samples. The somatic embryo PER banding 
pattern also contained 2 bands (band 5, Rt 0.14; band 4, Rt
0.36) present in papaya but absent in C. cauliflora zymograms 
and 1 band (band 7, R, 0.03) found in C. cauliflora zymograms 
but not in papaya.

MDH isozyme banding patterns. Papaya, C. cauliflora, and 
the somatic plantlet samples each had unique banding patterns 
(Fig. 2 and 4) when gels were stained for MDH. Samples of 
germinating papaya embryos contained MDH bands 1 (R, 0.38). 
2 (Rf 0.32), and 4 (R, 0.25). MDH patterns of 10- and 20-cm- 
tall papaya seedlings and mature leaves also contained these 
bands and many of the samples also contained band 3 (R, 0.28). 
Two of 20 papaya seedling samples contained a lightly staining 
band at Rt 0.15. Lightly staining bands at R, 0.15 and 0.04 were 
present in some of the germinating embryos and seedlings of C.
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Fig. 1. Germinated Carica somatic embryos in modified Murashige 
and Skoog medium.

cauliflora  as was a more intensely staining band, band 6 (R,
0.20). Six of 20 C. cauliflora  seedling samples had MDH pat-
terns which contained a lightly staining band 2. Bands 3, 4, and 
5 (R, 0.22) always were present in C. cauliflora. The MDH 
zymograms of plantlets from the somatic embryos contained 
bands 1, 2, 3, and 4. Band 4 was more lightly staining than the 
others and in a few cases appeared to be absent.

G O T isozyme banding patterns. Mean R, values for each 
band detected in the GOT isozyme banding patterns for all of 
the materials sampled are shown in Fig. 2 and 5. Papaya samples 
contained band 2 (Rt 0.30), 4 (R, 0.26), and 5 (R, 0.22). The 
maturity of the material sampled had no effect on the GOT 
banding patterns observed. Zymograms of C. cauliflora ger-
minating embryos and seedlings consisted of 2 major bands, 
bands 1 (R, 0.32) and 4. GOT band 3 (Rf 0.28) was usually 
present although it stained much more lightly. A lightly staining 
band at Rr 0.09 was found only in the patterns of the smallest 
germinating embryos, and the staining intensity of a band of Rf
0.11 decreased as the maturity of the sampled material increased. 
The GOT zymograms of the somatic plantlets contained band 2 
in common with papaya, band 3 in common with C. cauliflora , 
and band 4 in common with both species.

SOD isozyme banding patterns. Bands found in the SOD 
zymograms are illustrated in Fig. 2 and 6. Several minor lightly 
staining bands were observed in the isozyme patterns of all the 
material except the leaves of mature papaya plants. Zymograms
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Fig. 2. Zymograms of Carica papaya, C. cauliflora, and plantlets 
from somatic embryos (derived from a single ovule of C. papaya 
pollinated with C. cauliflora) stained for PER, MDH, GOT, and 
SOD. PM = mature C. papaya plants; PS = 10- and 20-cm-tall 
C. papaya seedlings; PE = germinating embryos extracted from 
seeds of C. papaya\ SE = plantlets from somatic embryos; CE = 
germinating embryos extracted from the seeds of C. cauliflora; CS 
= 10- and 20-cm-tall C. cauliflora seedlings.

of all samples contained a major band (band 7 R( 0.45), and all 
appeared to contain band 3 (Rt 0.61), although this band stained 
very lightly in the zymograms of the somatic plantlets. The SOD 
pattern of the somatic plantlets contained an intensely staining 
band at Rr 0.41 (band 8), which was present also as a minor 
band in a few papaya germinating embryo and seedling zymo-
grams.

Summary o f findings from  isozyme banding patterns. The 
isozyme bands in the 4 enzyme-staining systems examined in 
this experiment could be used as biochemical markers for papaya 
and C. cauliflora  since each species had a distinctive banding 
pattern for each system. The zymogram of each species was
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PS SE CS

Fig. 3. Acrylamide gel stained for PER. Samples include: lanes 1-3, 10-cm-tall C. papaya seedlings, lanes 4-7, 
individual somatic plantlets, and lanes 8-10, 10-cm-tall C. cauliflora seedlings. Origin is at the top of the photograph; 
anode is at the bottom. The schematic diagram on the right depicts patterns for C. papaya seedlings (PS), plantlets 
from somatic embryos (SE), and C. cauliflora seedlings (CS).

constant, with the exception of a few bands, regardless of the 
developmental stage (germinating embryo, potted seedling, or, 
in the case of papaya, mature plant in field). No differences in 
banding patterns were observed in leaf samples from mature 
staminate and pistillate papaya plants. The plantlets from somatic 
embryos which arose from a single polyembryonic papaya ovule 
after pollination with C. cauliflora  had isozyme banding patterns 
which differed from those of papaya and C. cauliflora  in all 4 
enzyme systems.

Discussion
These results indicate that somatic embryos from cultured 

papaya ovules derived from interspecific hybridization between 
C. papaya  and C. cauliflora  are probably of zygotic origin. 
Other researchers (5, 6, 24) have found that both sexual inter-

specific hybrids and somatic hybrids from protoplast fusion have 
isozyme banding patterns that are frequently the sum of those 
of the parents. The zymograms also may include hybrid bands 
not present in either parent and some parental bands may be 
missing in the hybrid zymogram. Zymograms of the somatic 
plantlets in some cases contained bands specific to either papaya 
or C. cauliflora  (PER, GOT) or a unique band not seen in the 
zymogram of either species (PER) in this experiment. The so-
matic plantlets had zymograms which were distinctly different 
from those of either Carica species in all 4 enzyme-staining 
systems. It is unlikely that the differences in banding patterns 
between the somatic plantlets and either parental species are due 
to physiological factors such as in vivo vs. in vitro culture since 
the zymograms of both species changed very little with devel-
opmental stage. Because of the difficulty in hybridizing papaya

CS SE PS

Fig. 4. Acrylamide gel stained for MDFF Samples include: lanes 1-3, 10-cm-tall C. cauliflora seedlings; lanes 4 -  
7, somatic plantlets; lanes 8-10, 10-cm-tall C. papaya seedlings. Origin is at the top of photograph; anode is at 
the bottom. The schematic diagram at right depicts patterns for C. cauliflora seedlings (CS), plantlets from somatic 
embryos (SE), and C. papaya seedlings (PS).
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Fig. 5. Acrylamide gel stained for GOT. Samples include: lanes 1-3, 3 C. cauliflora seedlings, lanes 4-7 , 4 somatic 
plantlets, and lanes 8-10, 3 C. papaya seedlings. Origin is at the top of the photograph; anode is at the bottom. 
The schematic diagram at right depicts patterns for C. cauliflora seedlings (CS), plantlets from somatic embryos 
(SE), and C. papaya seedlings (PS).

Fig. 6. Acrylamide gel stained for SOD. Samples include: lanes 1-3, 3 C. cauliflora seedlings, lanes 4-7 , somatic 
plantlets, and lanes 8-9, 2 C. Papaya seedlings. Origin is at the top of photograph; anode is at the bottom. The 
schematic diagram at right depicts patterns for C. cauliflora seedlings (CS), plantlets from somatic embryos (SE), 
and C. papaya (PS) seedlings.

with PRV-resistant C. cauliflora, ovule culture appears to be a 
useful method for enhancing the efficiency of embryo rescue by 
increasing the number of available hybrid embryos.

Heinz and Mee (7) found that in Saccharum species hybrid 
clones, plants regenerated from callus of both chromosomally 
stable and chromosomal mosaic plants, more often showed var-
iability in isozyme banding patterns (31.0% and 80.9%, re-
spectively) than in morphological traits (12.1% and 34.8%, 
respectively). Only qualitative differences, i.e., the presence or 
absence of individual bands, were scored, although differences 
in band intensity were noted also. The isozyme banding patterns 
of the 60 plantlets derived from somatic embryos were extremely 
uniform in this experiment. The few differences noted were in 
the presence or absence of intensity of staining of a few minor 
bands and these differences could be due to differences in total 
protein concentration in the samples. This similarity in isozyme

banding patterns indicates either that the somatic plantlets were 
genetically uniform or that the 4 enzyme systems studied were 
ineffective for detecting any somaclonal variation that might 
have resulted from plant cell culture (12). However, PER and 
GOT stains were very effective in detecting variability in Sac-
charum (7).
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Pentaploid Blueberries from 6x x 2x Crosses
Ronald G. Goldy1 and Paul M. Lyrene
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Abstract. Three pentaploids produced from hybridizing hexaploid Vaccinium ashei Reade and diploid V. darrowi 
Camp were analyzed for fruit set, number of seeds/fruit, seedlings/poilination, pollen grains/sporad, 2n gamete 
production, pollen germination, leaf area and berry weight, color, scar, and firmness. The pentaploids were inter-
mediate between the parental species in fruit size and leaf area. There was high variation in fertility and in fruit 
quality among the pentaploid hybrids.

Cultivated blueberries are primarily tetraploid or hexaploid. 
The cultivated tetraploids include highbush (V. c o r v m b o s n m  L. 
and V. a u s t ra le  Small) and lowbush (V. an  g u s t  (fo lium  Ait.). The 
cultivated hexaploid is the rabbiteye {V. a sh e i) .  However, de-
sirable horticultural traits exist in plants at all 3 of the common 
chromosome numbers found in V a cc in iu m  (1), with plants of 
each chromosome number possessing traits not found in others 
(7). For this reason, heteroploid crosses are pursued actively 
despite low success rates. Moore (8) lists several successful 
interspecific crosses made under controlled conditions. Some of 
these crosses have been repeated and the progenies evaluated
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by several blueberry breeders, Homoploid hybrids have led to 
the release of several cultivars (8), but only 3 heteroploid hybrids 
have been released (10. 1 1. 12).

Crosses between tetraploid and hexaploids. especially be-
tween the 4a* (2/? = 48) highbush and the 6a* ( I n  -  72) rabbiteye. 
are of greatest interest since commercial cultivation of blueber-
ries is limited primarily to these groups. Direct hybridization 
between the 2 levels results in 5.x (2n = 60) plants that have 
not yet proven useful in further breeding. Therefore, production 
of synthetic 6.v highbush-tvpes or 4_v rabbiteye-types have been 
proposed to facilitate gene exchange between the 2 groups (2,
3). The procedure that was first pursued was development of 4 x  
rabbiteye-types from 6.x x 2.v crosses (2, 3).

Darrow et al. (2, 3) and Sharpe and Sherman (9) have used 
various 6 x  X 2r crosses in breeding. Darrow et al. (2. 3) crossed 
V. a s h e i  with the southern lowbush 2.x species, V. ten e l lu m  Ait., 
to produce Ax rabbiteye-types which were crossed then to high-
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