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in many organisms (Hancock and Iezzoni,
1988; Kruger and LaBerge, 1974; Kumar
and Goswami, 1985; Market and Moller,
1959; Rajora and Zsuffa, 1986; Ramirez et
al., 1987; Scandalios, 1964; Tanksley et al.,
1981; Valpuesta and Bukovac, 1983). Tissue specific expression of isozymes may be
considered a form of developmental expression, since tissue differentiation is governed
by activation and deactivation of numerous
genes governing development. Within Prunus, changes in indoleacetic acid oxidase
(peroxidase) have been reported during fruit
development in peach (Kumar and Goswami, 1985) and sour cherry (P. cerasus L.)
(Valpuesta and Bukovac, 1983). Differential
expression of malate dehydrogenase has also
been’ reported between pollen and leaf tissues
of various cherry species (Hancock and Iezzoni, 1988).
Although changes in isozyme expression
may be useful in developmental genetic
studies, they can be a hindrance to plant
breeders because uniform expression of isozymes throughout development would allow
screening for isozyme variants at the seed or
young seedling stage. Due to plant size and
long juvenile periods of tree fruit species,
this procedure would bring about considerable savings in time and space compared to
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Abstract. To determine the earliest developmental stage at which isozyme screening
could be accomplished, 10 isozyme systems were examined in peach [Prunus persica
(L.) Batsch] for differential expression during development. Differences in isozyme
expression based on stage of development were detected in nine systems. The earliest
stage for complete screening of most isozymes examined is in l-month-old seedlings.
The significance of these results relative to genetic mapping is discussed.

Isozyme polymorphism that could be
useful for genetic mapping has been reported in peach and in species within the
same subgenus. Polymorphism for malate
dehydrogenase (Arulsekar et al., 1986a;
Arulsekar et al., 1986b; Durham et al.,
1987; Mowrey et al., 1990a); isocitrate dehydrogenase (Mowrey et al., 1990a), peroxidase, and diaphorase (Durham et al.,
1987) has been reported in peach leaves.
Polymorphism also has been reported in
peach pollen for isocitrate dehydrogenase,
esterase, acid phosphatase, and malate dehydrogenase (Messeguer et al., 1987).
Isozyme alleles that could be used in mapping studies in peach or almond through interspecific hybridization are present in almond
(Prunus dulcis Webb), P. kansuensis Rehd.,
P. davidiana (Carr.) Franch., and P. mira
Koehne. Alleles for aspart ate aminotransferase (Arulsekar et al., 1986a; Hauagge et
al., 1987), glucosephosphate isomerase
(Arulsekar et al., 1986a; Hauagge et al., 1987;
unpublished data), isocitrate dehydrogenase
(Mowrey, unpublished data), leucine aminopeptidase (Andsekar et al., 1986a; Hauagge
et al., 1987’; Mowrey, unpublished data),
malate dehydrogenase (Arulsekar et al.,
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1986a), peroxidase (Mowrey, unpublished
data), 6-phosphogluconate dehydrogenase
(Arulsekar et al., 1986a; Mowrey, unpublished data), phosphoglucomutase (Arulsekar et al., 1986a; Hauagge et al., 1987;
Mowrey, unpublished data), and shikimate
dehydrogenase (Mowrey, unpublished data)
differing from those present in peach have
been reported within some of these species.
Isozyme banding patterns differ between
stages of development and in various tissues

Fig. 1. Diagrammatic representation of banding patterns observed for phosphoglucomutase (PGM)
and 6-phosphogluconate dehydrogenase (PGD) in dry (1) and imbibed seed (2); seed after 1 week
(3), 1.5 months (4), 2.5 months (5), and 3 months (6) of stratification; cotyledon tissue (7) from 1month-old seedling; leaf tissue of l-month- (8) and 3-month-old (9) seedlings; and leaf tissue of
adult plant (10). Numbers in parentheses refer to lane numbers.
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viously described (Mowrey et al., 1990a).
The entire embryo, excluding testa, was used
when sampling seed. Isozyme systems were
surveyed using standard or slightly modified
recipes and included alcohol dehydrogenase
(ADH) (EC 1.1.1.1), aspartate aminotransferase (AAT) (EC 2.6.1.1), glucosephosphate isomerase (GPI) (EC 5.3.1.9), isocitrate
dehydrogenase (IDH) (EC 1.1.1.41), malate
dehydrogenase (MDH) (EC 1.1.1.37), phosphoglucomutase (PGM) (EC 2.7.5.1), 6phosphogluconate dehydrogenase (PGD) (EC
1.1. 1.43), shikimate dehydrogenase (SDH)
(EC 1.1. 1.25) (Stuber et al., 1988), peroxidase (PER) (EC 1.11.1.7) and leucine aminopeptidase (LAP) (EC 3.4.11.1) (Arulsekar
Fig. 2. Banding patterns observed for malate dehydrogenase (MDH) in dry (1) and imbibed seed (2); and Parfitt, 1986). ADH, IDH, MDH, PGD,
seed after 1 week (3, 4), 1.5 months (5, 6), 2.5 months (7, 8), and 3 months (9, 10) of stratification;
cotyledon tissue (11) from l-month-old seedling; leaf tissue of l-month- (12) and 3-month-old (13) and SDH were stained on morpholine-citrate
pH 6.1 gels (Conkle et al., 1982). AAT,
seedlings; and leaf tissue of adult plant (14). Numbers in parentheses refer to lane numbers.
GPI, LAP, and PER staining was performed
on lithium-borate /tris -citrate pH 8.3 gels
(Stuber et al., 1988). PGM was stained on
histidine-citrate pH 6.5 gels (Stuber et al.,
1988).
Band migration distances were recorded to
the nearest 0.5 mm. A relative migration (R m
was computed from the ratio of each isozyme band’s migration to the migration of
the fastest migrating band present in adult
leaf samples within each enzyme system.
Bands were numbered for identification from
fastest to slowest migrating.
Fig. 3. Diagrammatic representation of banding patterns observed for aspartate aminotransferase (AAT)
Differences in banding patterns and stainin dry (1) and imbibed seed (2); seed after 1 week (3), 1.5 months (4), 2.5 months (5), and 3 months ing intensity of various bands were observed
(6) of stratification; cotyledon tissue (7) from l-month-old seedling; leaf tissue of l-month- (8) and in most systems. Staining intensity of freshly
3-month-old (9) seedlings; and leaf tissue of adult plant (10). Numbers in parentheses refer to lane
imbibed seeds was generally less than that
numbers.
of dry seed and seed in stratification. This
difference probably is due to dilution of native isozymes during imbibition that would
be resynthesized after a period of stratification.
LAP was the only system not displaying
differential expression between developmental stages. Two bands with Rm values of
1.00 and 0.74, corresponding to two loci
(Arulsekar et al., 1986a; Hauagge et al.,
1987), were detected in all samples when
staining for LAP. SDH displayed no activity
in seed until 2.5 months of stratification and
later, when staining intensity neared that of
adult leaf tissue. One band was detected in
all samples when activity was present. IDH
activity could not be scored in seed and cotyledon samples. PER activity was detected
Fig. 4. Banding patterns observed for glucosephosphate isomerase (GPI) in dry (1, 2) and imbibed only in 3-month-old seedlings and adult leaf
seed (3, 4); seed after 1 week (5, 6), 1.5 months (7, 8), 2.5 months (9, 10), and 3 months (11, 12) samples.
of stratification; cotyledon tissue (13) from l-month-old seedling; leaf tissue of l-month- (14) and
PGM and PGD behaved similarly in this
3-month-old (15) seedlings; and leaf tissue of adult plant (16). Numbers in parentheses refer to lane
study. Both systems are encoded by two loci
numbers.
in the subgenus Amygdalus (Arulsekar et al.,
1986a; Chaparro et al., 1987;. Hauagge et
screening adult plants. This study was con- to allow sampling of genetically uniform al., 1987). PGM is monomeric; however,
ducted to determine if isozyme expression material at various stages of development two bands are produced by the alleles of the
differed between various stages of develop- (Table 1). Seeds were stratified at 6 ± 1C Pgm1 locus (Chaparro et al., 1987). In PGM
ment in peach and whether differential iso- in sealed petri dishes containing filter paper and PGD, activity at only one locus could
zyme expression would interfere with isozyme moistened-1 with captan 50W solution (0.5 be detected until later stages of development.
g·100 ml ). Following germination, seed- Good staining of Pgm2 was obtained from
screening at various developmental stages.
A doubled haploid derived from ‘Rutgers lings were grown in flats in a greenhouse all stages of development; however, activity
Red-leaf’ (RRL-2n) was used in the study so maintained at 24/20C (day/night). Leaf sam- at Pgm1 was not detected until 2.5 months
the progeny would be homozygous and ho- ples of adult material were obtained from of stratification (Fig. 1). At this stage, and
mogeneous. Self-pollinated seed of RRL-2n rooted cuttings of RRL-2n maintained in the in seed exposed to 3 months of stratification,
only the slow-migrating band of Pgm1 could
were imbibed overnight in distilled H2O and same greenhouse.
Electrophorectic techniques were as pre- be detected. Both bands were detected in
placed into stratification at varying intervals
220
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Table 1. Stages of development examined for differential isozyme expression in peach.

z

Radicle emerged 1–2 mm.
Radicle emerged ≈ 2 cm.

y

Fig. 5. Diagrammatic representation of banding patterns observed for alcohol dehydrogenase (ADH)

in dry (1) and imbibed seed (2); seed after 1 week (3), 1.5 months (4), 2.5 months (5), and 3 months
(6) of stratification; cotyledon tissue (7) from l-month-old seedling; leaf tissue of l-month- (8) and
3-month-old (9) seedlings; and leaf tissue of adult plant (10). Numbers in parentheses refer to lane

numbers.

cotyledons of l-month-old seedlings; however, staining of the fast-migrating Pgm1 band
was fainter than in leaf samples. Similar results have been previously reported in cotyledons of peach × almond hybrids (Chaparro
et al., 1987). No activity was detected at
Pgd2 until 2.5 months of stratification, but
good staining of Pgd1 was obtained before
this stage (Fig. 1). At 2.5 months of stratification, no activity could be detected at Pgd1.
Good staining was obtained at both PGD loci
after 3 months stratification. In most plants,
these enzymes are present in cytosolic and
chloroplast specific forms (Gottlieb, 1981,
1982). Lack of staining at the Pgm1 and Pgd2
loci until commencement of germination may
indicate that these loci produce chloroplastspecific enzymes because the seed lacked
chlorophyll until this stage of development.
MDH is encoded by two loci in peach
leaves with Mdh1 polymorphic and Mdh2
monomorphic (Arulsekar et al., 1986b; Durham et al., 1987; Mowrey et al., 1990a).
RRL-2n is homozygous for the common Mdh1
allele. Leaf samples from individuals homozygous for this allele produce a four-banded
phenotype (Arulsekar et al., 1986b; Durham
et al., 1987; Mowrey et al., 1990a). Eight
bands were detected in the study with Rm
values of 1.00, 0.90, 0.79, 0.67, 0.60, 0.54,
0.45, and 0.38 for bands 1 through 8, respectively (Fig. 2). Bands 1 through 3 were
produced by Mdh1, while band 4 was produced by Mdh2. Bands 1 through 4 were the
only bands present in leaf tissue. Band 5 was
present in all seed samples. Bands 6 and 7
were present in dry seed and seed stratified
for 2.5 and 3 months. Band 8 was present
only in seed stratified for 2.5 and 3 months.
HORT SCIENCE , VOL . 25(2), FEBRUARY 1990

MDH bands not present in leaf samples are
present in zymograms of cherry pollen (Hancock and Iezzoni, 1982), and banding patterns obtained from peach pollen (Messeguer
et al., 1959) differ from those reported in
peach leaves (Arulsekar et al., 1986b; Durham et al., 1987; Mowrey et al., 1990a).
Whether the additional bands present in pollen are homologous to those present in seed
is not known.
Six bands with Rm values of 1.00, 0.79,
0.57, 0.47, 0.28, and 0.06 were detected in
AAT (Fig. 3). Bands 1 and 2 were produced
by Aat1 and Aat2, respectively. Although
AAT activity in leaf tissue is encoded by two
loci (Arulsekar et al., 1986a; Hauagge et al.,
1987), a third slow-migrating band (band 5)
was detected in leaf tissue. This band was
present in all samples, except for freshly imbibed seed and seed that had been stratified
only 1 week. Band 5 is probably homologous to the faintly staining band previously
reported near the origin (Hauagge et al., 1987;
Mowrey et al., 1990b). Greenhouse conditions possibly were more conducive to
expression of this enzyme than field conditions. Most plant species examined for AAT
have three AAT loci (Gottlieb, 1981, 1982)
and it is possible that band 5 is produced by
an unreported third locus. Bands 1 and 2
were produced by Aat1 and Aat2, respectively. We do not know why band 5 stained
more intensely than previously reported
(Hauagge et al., 1987; Mowrey et al., 1990b).
Bands 4 and 6 were present in dry seed, seed
after 2.5 and 3 months of stratification, and
cotyledon tissue of l-month-old seedlings.
Band 3 was detected in seed after 2.5 and 3
months of stratification and in cotyledon tis-

sue of l-month-old seedlings.
GPI reportedly is encoded by two loci in
leaf tissue (Arulsekar et al., 1986a; Hauagge
et al., 1987). Four bands with Rm values of
1.00, 0.89, 0.83, and 0.63 were detected
(Fig. 4). As with AAT, a band previously
not reported was detected in leaf tissue. Bands
1, 3, and 4 were detected in all samples.
Bands 1 and 3 were produced by Gpi1 and
Gpi2, respectively. Detection of band 4 in
leaf tissue may be a result of growing the
material in the greenhouse. Origin of band
4 is not known, since most plant species tested
have only two GPI loci active in leaf tissue
(Gottlieb, 1981). Band 2 was present in all
seed samples, except for those stratified 3
months.
Inheritance of ADH has not been established in peach; however, two to three loci
have been reported in other plant species
(Gottlieb, 1981). ADH isozymes are cytoplasmic, and the products of various loci interact to form interlocks heterodimers
(Gottlieb, 1981). Six bands with R m values
of 1.00, 0.88, 0.78, 0.58, 0.48, and 0.13
were detected when staining ADH activity
(Fig. 5). Three loci probably are present in
peach based on band number. Leaf samples
stained considerably lighter than seed samples. All bands stained faintly and were difficult to photograph, except for band 1, which
stained darkly in all seed samples. Band 1
was detected in all samples. Bands 2 and 3
were detected in seed after 2.5 and 3 months
of stratification and in adult leaves, while
bands 4, 5, and 6 were detected in seed only
after 2.5 and 3 months of stratification. Fainter staining in leaf tissue may be related to
the function of ADH in plant tissue. ADH is
an inducible enzyme usually produced under
anaerobic conditions or when tissues are exposed to stress (Mayne and Lea, 1984).
Higher native levels of ADH are needed by
seed tissue for anaerobic glycolysis (Gottlieb, 1981). Leaf tissue would not naturally
experience anaerobic conditions and would
not require high levels of the enzyme.
The presence of bands at various developmental stages not present in leaf tissue may
indicate loci not active in leaves. Whether
these possible loci are polymorphic in peach
is not known. Although these presumed loci
may provide peach breeders with more
markers for genetic mapping, they could cause
problems when screening for isozyme loci
active in both seed and leaves. The additional MDH bands detected in seed tissue
migrate in the same general region as bands
produced in peach leaves from individuals
possessing the slow Mdh1 allele. Presence
of these seed-specific bands could interfere
with scoring the slow allele. Likewise, AAT
bands 3 and 4 migrate in the same region as
bands produced by the slow Aat2 allele present in almond and P. kansuensis, and would
interfere with screening for this allele. Additional bands present in GPI would not interfere with screening for known variants
because bands 2 and 4 do not migrate in
regions where previously reported alleles
migrate.
The earliest time for complete screening
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of the isozymes examined would appear to
be 1 month following germination. Lack of
activity at the Sdh1, Idh1, Pgm1, Pgd2, Per1,
and Per2 loci coupled with the presence of
additional MDH and AAT bands makes
screening of seed tissue impractical. PER
screening cannot be accomplished until
seedlings have grown for 3 months. ADH
screening should be performed using seed
tissue because staining in leaf tissue was inconsistent. Although isozyme screening cannot be accomplished until the young seedling
stage for most systems, this would still result
in considerable savings in time and space to
the geneticist when compared with screening
at the adult stage.
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