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Introduction and Literature Review 
The genotype of a plant is usually identified by noting 

morphological or anatomical characters. An aid to genetic 
studies in trees has been the use of a variety of biochemical 
genetic markers and one tool that has gained importance in 
genetic analysis has been electrophoresis of isoenzymes 
(FERET and BERGMANN, 1976). This study was conducted to 
describe peroxidase (donor: H,02 oxidoreductase E.C. 
1.1 1.1.7) isoenzyme variability in developing and germinat- 
ing acorns of white oak (Quercus alba L.) and to define 
tissues suitable for use in genetic analysis of white oak. 

Early electrophoretic studies established the electro- 
phoretic technique as a valuable tool for monitoring iso- 
enzymes. SHANNON (1968), SCANDALIOS (1974), and FERET and 
BERGMANN (1976) have reviewed literature describing iso- 
enzyme ontogenetics in plants. In agronomic crop species 
BRIM et al. (1969), SCANDALIOS (1969), GUPTA and PAWAR (1974), 
and KADAM et al. (1973) demonstrated quantitative and 
qualitative isoenzyme variation in seeds and young seed- 
lings of soybeans, maize, rice and maize. RACUSEN and FOOTE 
(1966), SIEGAL and GALSTON (1967), UPADYA and YEE (1968), 
HAMILL and BREWBAKER (1969), and THOMAS and NUECERE (1974) 
hove shown peroxidase isoenzyme pattern differences 
over time among and between organs of bean, pea, barley, 
maize, and peanut. 

Isoenzyme variation through stages of growth and de- 
velopment in forest trees has been little sudied. Several 
studies are available that show the changes in isoenzymes 
between tissues and over time in gymnosperms. DURZAN 

(1966), using disc electrophoresis, found intraspecific as 
well as interspecific isoenzyme variability in white spruce, 
jack pine, and white pine embryos and female gameto- 
phytes. CONKLE (1971) demonstrated in knobcone pine the 
presence of peroxidases linked with the developmental 
stage of the plant and tissue extracted. Other authors have 
followed isoenzyme changes in forest tree angiosperms. 
PERRY (1971) showed seasonal variation of fats, phenols, 
isoenzymes and pigments in red maple. GORDON (1971) found 
quantitative and qualitative changes in leaf peroxidase of 
eastern cottonwood just prior to a constant nitrogen to 
tissue ratio and demonstrated that the appearance of photo- 
synthetic acitivity roughly coincided with the appearance 
of a major leaf peroxidase isoenzyme. JENNINGS and STREET 

(1974) found peroxidase isoenzyme patterns complex in 
batch cultured cells of sycamore. WOLTER and GORDON (1975) 
illustrated differences in peroxidase patterns in aspen cal- 
lus cells under various auxin and cytokinen treatments. 

Materials and Methods 
Young seedlings of three white oak trees were selected 

for characterization of isoperoxidase variation during acorn 
germination. Two of the trees (referred to as I and 11) were 
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located in Mercer County, West Virginia. They were sepa- 
rated by 32 kilometers of rugged mountainous terrain. The 
third tree was located at the Reynolds Homestead Research 
Center near Critz, Virginia (referred to as 111). 

Twenty acorns or seedlings were drawn at each sampling 
date. This sample size corresponded to the number of 
samples needed to separate any given isoenzyme occurring 
with a frequency greater than or equal to 0.15 with 95 
percent confidence using the expression log„ (a)  = N (1 - 
frequency), where N equals sample size. Dates of acorn col- 
lection and relative size of acorns at each collection date 
are described in Table 1. 

Table 1. - Collection dates and mean acorn lengths (cm.)') of acorns 
used for peroxidase extractions. 

Collection Dates Tree I T r e e I I  T r e e I I I  

8-14-75 1.08 (.48)T1 1.34 (.59) 

8-21-75 1.15 (.55) 

8-28-75 1.52 (.68) 1.94 (.86) 

9-4-75 1.44 ( . 6 9 )  

9-11-75 2.18 (.97) 1.99 (.88) 

9-18-75 1.89 (.91) 

9-25-75 2.24 (1.0) 2.26 (1.0) 

10-2-75 2.08 (1.0) 

I) Sample Size equals 20 acorns per tree per collection. 
2, Value in parentheses expresses length as a percent of final 

length a t  date of maturity. 

The acorn organs assayed included embryos and coty- 
ledons. The first samples were taken approximately 85 
days after pollination when sufficient material was present 
for enzyme extraction. Samples were collected at two week 
intervals thereafter. Immediately after collection the acorns 
were stored at -10 C until extracted. Due to poor acorn 
production the acorn samples from trees I and I11 were 
insufficient to carry out germination and seedling ana- 
lyses. 

At the time of acorn maturation, collections were made 
from trees I and 11. Mature acorns were stored at 4 C until 
planting. From each tree 200 acorns were planted one 
centimeter deep in 100, 6-inch pots. The potting medium 
was a 2 : 1 : 1 : 2 mix of sand, perlite, forest soil and peat. 
The forest soil fraction used was the A horizon soil from a 
natural stand of white oak. 

The acorns were placed in the greenhouse after potting 
and allowed to germinate. Germination was defined as the 
appearance of the epicotyl tip at the soil surface. Subse- 
quent dates of collections were based on the date of ger- 
mination of each acorn. Seedling collections were begun 
on tree I1 one week after epicotyl appearance. Collections 
were first made on tree I two weeks after epicotyl ap- 
pearance. This delay was due to slow germination rates of 
tree I seedlings. Collections continued On a weekly basis for 
each tree for five weeks. 

The seedlings were washed in cold water and chilled on 
ice after removal from the pot. Within forty minutes all 
collected seedlings were frozen at -10 C until extracted. 
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