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Peroxidase zymograms of sweet potato (Ipomoea batatas (L.)
Lam.) grown under hydroponic culture
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Abstract. Stability of peroxidase zymogram under hydroponic culture was studied to test whether
nitrogen and potassium had any effect on zymogram patterns. Although no significant change was
observed in most major band patterns on leaves and fibrous roots in different N, K treatments, some
minor variations in relative band intensity were noted. At least two cathodic bands and nineteen anodic
bands were identified from this study. Peroxidase activity indicated in the zymogram is much more
obvious in fibrous roots than in leaves and storage roots. Varietal differences can be distinguished from
the relative band intensity of some specific zones on the zymograms of fibrous roots and leaves.
Furthermore, young storage roots of cultivar Tainong 66 has an extra band, easily distinguished from
Tainong 67. However, relative peroxidase band number in matured tissues were usually fewer and
become ambiguous. Tissues sampled from soil culture showed no significant difference from
hydroponic culture in most qualitative band patterns. Thus, the utilization of the peroxidase zymogram
as a genetic marker in sweet potato for physiological and genetic correlation studies between the zymo-
gram patterns and agronomic characters should be feasible. The hydroponic cultural system used in
this study also provided a useful tool for the study of the relationship between peroxidase activity and
root initiation, which is believed to be difficult in soil cultural system.
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marized the possible roles and functions of peroxidase,

including IAA (indole-3-acetic acid) oxidation, lignin
synthesis, and detoxification of H,0, and organic per-

Introduction

Sweet Potato (Ipomoea batatas (L) Lam.) is an
autohexaploid (2n=6x=90) species (cf. Nishiyama,
1982) and is mostly propagated asexually as a culti-
vated vegetable. Genomic complexity and self-incom-
patibility have limited genetic studies. In the past dec-
ade, biochemical genetic markers via isozyme and pro-
tein electrophoresis have been available for most eco-
nomically importariﬁ'crop species (Tanksley and Orfon,
1983). However, little information is available on iso-
zyme studies in sweet potatp.

Peroxidases (E.C.1.11.1.7) are believed to occur
among many higher plants and are mostly tissue spe-
cific (Bosch et al., 1987). Pao and Morgan (1988) sum-

oxides. Peroxidase activity also tends to change in the
course of root and shoot initiation, leaf formation, cal-
lus growth, senescence, and internode elongation (Pao
and Morgan, 1988). Furthermore, increase in perox-
idase activity when plants are infected by pathogens
has been noted by several researchers (Uritani and Sta-
hmann, 1961; Novacky and Hampton, 1968; Seevers et
al., 1971). Felder (1976) pointed out that peroxidases
are able to utilize peroxide to oxidize a variety of
hydrogen donors such as phenolics, cytochrome-C, and
nitrite . Differential expression of peroxidase in vari-
ous growth and differentiation stages also have been
documented (Warner and Upadhya, 1968; Tanksley and
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Orton, 1983; Grosso et al., 1987). Roles of peroxidases
involve in pistil and pollen interaction has been report-
ed by Bredemeijer (1984). The polymorphisms of per-
oxidase can be used as genetic and physiological
markers (Bosch et al., 1987; Fields et al., 1987; Colby
and Peirce, 1988; Hancock and Iezzoni, 1988; Pao and
Morgan, 1988). Stability of zymograms should be a pre-
requisite of isozymes serving as biochemical markers
for genetic and physiological studies.

Environmental factors such as temperature,
photoperiod, stress, and disease alter the electrophor-
etic phenotypes (Bailey, 1983; Cox and Worral, 1987;
Fieldes et al., 1987). However, little information on
effects of nutrients upon zymograms is available. Ferti-
lization tends to affect the yield stability of sweet
potato clones (Bacusmo and Collins, 1988). Whether the
peroxidase zymograms of sweet potato is stable under
various nutrient treatments is not known. The objec-
tive of this study is to evaluate the zymogram stability
of peroxidase under hydroponic culture with different
nitrogen and potassium levels on two varietal sweet
potato clones at different growth stages. Varietal dif-
ferences, tissue specific, and nutrient effects are discus-
sed.

Materials and Methods

Vegetative clones of varieties, Tainong 66 and
Tainong 67, were used for this study. Both varieties
were developed by Taiwan Agricultural Research Insti-
tute, Chai-Yi Division. Tainong 66 is characterized by
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high yield and good quality and is used as a staple for
desserts and in food processing. Tainong 67 is distin-
guished by a high starch content.

A hydroponic culture system developed by the
Asian Vegetable Research and Development Center
(AVRDC) was adapted with slight modification. The
transplant bed consisted of a sheet of wire gauze, which
is laid down on a drainable plastic bucket (44.5x 34 x11
cm) and covered by carbonized rice hull premixed with
calcium superphosphate. A 25 cm long shoot cutting
was transplanted to the bed. The transplanted bed was
then put onto the plastic container (60X 45.5X30 cm)
with nutrient solution of different treatments. Varia-
tion in nitrogen (N) and potassium (P) levels was used
because N and P fertilizer are known to have much
more significant effects on sweet potato yield than
other nutrients. For the nitrogen effect test, 30, 65, 100,
200, 300, and 400 mg total nitrogen per liter of nutrient
solution were applied, and the potassium applications
had 38, 80, 121.8, 200, 300, and 400 mg per liter individu-
ally. For each container representing one treatment or
replication, thirty five liters of nutrient solution is
added in the beginning. However, during the culture
period, solution levels were maintained between 15 to
23 liters simply by adding tap water. The formula for
hydroponic culture is listed in Table 1.

All cultures were grown in the greenhouse. Daily
maximum temperature is about 30°C and the minimum
is 21°C with an average of about 27°C. Fibrous roots
and sections of the 6th and/or 7th expanded leaves
counted from the shoot tip were sampled for perox-

Table 1. Nutrient components for various amount of nitrogen and potassium treatments in hydroponic solution

Total Nitrogen (ppm)

Total potassium (ppm)

Components

_ 30 - 65 100 200 300 400 38 80 121.8 200 300 400
Ca(NQs), - 4H,0 0 15 35 35 35 35 70 70 70 70 70 70
KNO, 30 30 30 30 30 30 0 42 83.8 83.8 83.8 83.8
K,HPO, - 3H.0O 15 15 15 15 15 15 38 38 38 38 38 38
CaCl, - 2H.0O ‘150 121.4 50 50 50 50 50 50 50 50 50 50
MgSO, - 7H.O 48.6 48.6 48.6 48.6 48.6 48.6 48.6 48.6 48.6  48.6 48.6  48.6
NH,NO, 0 0 0 100 100 150 15.0 7.5 0 0 0 0
KCl 0 0 0 0 0 -0 0 0 0 40.2 140.2 240.2
Na-Fe-EDTA 3 3 3 3 3 3 3 3 3 3 3 3
MnSO4 - H,O 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
CuSO, - 5H,0 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
ZnS0O, « TH,0 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
H;BO, 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Na.MoO, - 2H,0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
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idase zymogram analysis. Since 4 weeks after trans-
plant, samples were collected at two weeks interval.
Samples were soaked in gel buffer overnight and
ground by a glass rod. The crude extract was obtained
by centrifuging (13,000 rpm) at 4°C for 10 minutes. The
extracts were then loaded into gels by using 3 mm x 3
mm Whatman No. 3 filter papers as wicks to absorb
the extract and inserted into the gels. For each treat-
ment at least 3 replications were conducted. The elec-
trode buffer (pH 8.3) is 0.19M boric acid and 0.04M lith-
ium hydroxide. The extraction buffer and gel buffer
(pH 8.3) were a mixture of one part electrode buffer
and 9 parts 0.05M Trizma base and 0.007M citric acid
(Buffer C of Shields et al., 1983).

Horizontal gel electrophoresis, similar to Chen ¢f
al. (1989), was performed in a 4°C cold chamber. The
gel composition was 9% polyacrylamide mixed with
2% starch. Protein concentrations tend to vary from
sample to sample; therefore, the ratio of relative tissue
weight to extraction buffer (volume) was used to keep
the comparison more reasonable. On average, the ratio
of tissue weight to extraction buffer was 400 mg/250 gl
for leaf tissue and 400 mg/200 gl for fibrous root and
young storage roots. The gel was ran at 160V for 9
hours. After a run of one hour, the wicks were
removed. Gels were stained by soaking in acetate
buffer (pH 5.0) for 15 minutes at 10°C. 1% o-dianisidine
(dissolved in 959% alcohol) was then added to a final
concentration 0.1%. Three drops of 30% H.0, were
added into the stain buffer and incubated at room tem-
perature until the appearance of enzvme activity (Yu,
1988).

Leaves and storage roots sampled from two field
locations with minimum cultural management served
as the control to distinguish the difference between soil
culture and hydroponic culture.

Results and Discussion

Treatments of 400 ppm N and K were eliminated
from this analysis due to the poor survival rate under
hydroponic culture. Both anodal and cathodal bands
were observed in leaves and fibrous roots. The anodal
bands are more complex than the cathodal bands. At
least 19 anodal bands were observed, but only two cath-
odal bands were identifiable (Fig. 1). The two cathodal
bands are obvious in fibrous root tissue of the two
cultivars especially in Tainong 66. However, the Cl
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Fig. 1.  Peroxidase zyvmograms of leaves and fibrous roots ol
two cultivars sampled 55 days after transplant with
two levels of potassium treatment under hydroponic
culture; each line representing a replication and the
amount of extract applied to each line is the same

band is generally missing in the leaf and young storage
root tissue (Table 2 and Fig. 1 and 2). Lack of a C2 band
was also occasionally observed in leaves and young
storage roots. Differences between the two cultivars
were not significant in leaf, fibrous roots and all nutri-
ent application studies. Nevertheless, some minor vari-
ations do occur. The major difference in zvmogram
patterns between leaf and fibrous roots is the presence
of a cluster of three anodal bands (A3, AS and A6) in
leaf as compared to the presence of Bands A4 and A6 in
the fibrous roots. From Band A8 to Al2, most bands
are either unclear or very faint in the leaf tissue,
although the fibrous roots exhibit a more clear pattern.
Bands A17 to A19 were either missing or very weak in
the leaves. Band A19 was also not found in young stor-
age root tissue. Only Bands A2, A6, All, Al5, A17 and
Al8 were commonly found in young storage roots of
both cultivars (Fig. 2). Band patterns of young storage
root in Tainong 66 can be distinguished from Tainong
67 by an extra anodal band right below Band A6 (Fig.
2). The mobility of this extra band is very close to Band
A5 in leaf band patterns. Band A3 was also visible in
young storage roots of Tainong 66 from the soil culture
but not from the hydroponic culture.
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Table 2. Band distribution of peroxidase zymograms from various tissues of two sweet potato cultivars

Cultivar

Band Tainong 66

Tainong 67

No. Leaf Fibrous
root
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root root " root-
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Leaf peroxidase zymograms show no significant
variation except in the relative intensity in Band A8 -
A9 and A13 - Al6 zones between two cultivars. As in-

dicated in Table 2, Tainong 67 had either weak or miss- -

ing bands in A10, A13, Al4 and A16 in comparison with
the fibrous roots of Tainong 66. Major band patterns in
leaves and fibrous roots are generally not affected by
the application of nutrient solutions. However, some
minor variations were noted. In nitrogen application
treatment, relative band intensity in thé fibrous roots
tended to increase as the amount of N rise in culture
for both cultivars when samples were collected 55 days
after transplant. Bands A8 and A9'had a more dense
color at high N level. Nevertheless, the leaf tissue was
not affected by this treatment. Potassium level also
affected the intensity of A8 and A9 bands on both leaf
and fibrous roots (Fig. 1). Bands' A8 to Al5 seemed
much more sensitive to' N' and P nutrients than the
other zones. ’

Occasionally, éémp'lés ‘from different growth

stages during the culture did have interactions with
nutrient treatments on peroxidase band intensity. For
example, both Tainong 66 and Tainong 67 had a rela-
tive dense color at the Al3 to Al5 zone 55 days after

transplant at higher nitrogen and potassium levels.

Nitrogen is important for the shoot and leaf develop-
ment and eventually effects the yield of storage roots.
Potassium is also known to play an important role in
storage root development. In this study, although nutri-
ent application did not show significant effects on
major band patterns and relative band intensity, some
specific bands, such as the appearance of A10 band in
Tainong 66, seemed to have posmve correlation with
nutrient application. Since perox1dases are believed to
be associated with IAA oxidases, which. are known ‘to

have an effect on storage ‘root initiation and develop-

ment of sweet potato the use of peroxidase isozyme as

:markers for the study of IAA oxidase and storage initi-
‘ation might _be possible. From this study, the number of

peroxidase bands in leaf tissue is generally not as great
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Fig.:2. Peroxidase zvmograms of young storage roots from
Sample No., 1-4
hvdroponic culture; Sample No. 5-12: soil culture;
each line representing a replication and the amount of

hvdroponic and soil  culture.

extract applied to each line is the same.

as in fibrous roots, but most band patterns were about
the same. As storage roots developed, only 5 to 8 bands
remained (Fig. 2), The relative band intensity of most
bands is not affected by different N and K treatments.
Varietal difference in response to different N, K treat-
ments and some tissue specific bands were noted (Figs.
1 and 2). Furthermore, in comparison with other is-
ozymes such as a, f amylase, polyphenol oxidase and
phosphorvlase studied in our laboratory (unpublished
data), peroxidase zymograms are more stable one.
Environmental factors such as temperature,
photoperiod and location are reported to vary zymo-
gram patterns (Fieldes ¢f al., 1987; Warner and Upad-
hya, 1968; Cox and Worrall, 1987). Pao and Morgan
(1988) reported that total peroxidase activity is not con-
sistent with age in sorgham. No genotype variation
was noted in their study, however, the isozyme comple-
ment underwent mainly quantitative change during
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development. Nevertheless, Grosso ef al. (1987) indicat
ed genotypic, tissue specific, and developmental varia-
tion in peroxidase activity of Phaseolus vulgaris. From
this study, quantitative variation in peroxidase band
intensity is the most frequent variations. No significant
variation in major peroxidase bands was noted, how-
ever, some minor variations based on variety, tissue
specificity, cultural status, and nutrient level did occur.
The assay system might provide a useful tool for devel-
oping physiological and genetic markers for develop-
mental studies on storage root initiation of sweet
potato.
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