1

WHAT IS THE BASIS FOR MORTALITY IN INFESTED
PINYON PINE TREES?
'

BY
Mona M. Pernambuco

A Study
Presented to the Faculty
of
Wheaton College
in Partial Fulfillment of the Requirements
for
Graduation with Departmental Honors
in Biology

Norton, Massachusetts
May 18, 1991

Table of Contents

List oTTables and Figures

iii

Abstract

1

Introduction

2

Materials and Methods

10

Results

14

Discussion

23

References

27

Dedication

To the Joseph-Pernambuco household, that includes Frisky also.
all the encouragment and support.

Thank you for

I know not of another family quite like ours; thank

God for small miracles ( chuckle, chuckle).

Also, thank you Christie and Nick for

putting up with the mood swings and the delectible aroma of oodles of noodles every
night.

Thank you all for being there for me.

ii

AcknowledQements

To Lisa Floyd-Hanna- without your pinyons and your brain storming, there would be
no 500 project---Thank you!

To Barbara Brennessel- Thank you for the hours of patience.

To Elita Pastra-Landis- Thank you for concern and interest that you have willingly
passed my way.

Abstract

The rise in mortality in the population of pinyon pine trees ( Pinus edulis) in the
southwestern area of Colorado has resulted in an almost 1 O year study in attempt to
determine the basis for the increase in the death of some of these trees.
It was
discovered that these trees were under an insect infestation, namely by the mountain
pine beetle, Dendroctonus ponderosae. The general supposition for the susceptibility
of the infested individuals was that the mortality had some genetic basis. This
hypothesis was a result of an ecological assessment of the study sites that showed the
existence of healthy trees adjacent to infested trees. Thus, in order to obtain some
data to support this hypothesis, starch gel electrophoresis was employed. The
polymorphic enzymes, 0-glycerate dehydrogenase and peroxidase, that were
extracted from pinyon pine needles, were used as arbitrary, genetic markers. It was
expected that healthy pinyon trees would be a heterozygous banding pattern, since
heterozygosity had, in many cases, been correlated with the successful individuals
within a given population. On the other hand, the infested trees were expected to be a
homozygous for the same markers. In this particular study, this correlation between
the genotype and the health of resistant and susceptibility pinyon individuals was not
established. It was possible that there might not be a correlation, rather other factors,
for example water stress, may have attributed to the rise in mortality.
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Introduction
The population of pinyon pine (Pinus edulis ) in southwestern Colorado is the
focus of my study. These trees are commonly found between elevations of 2500-3800
m (Floyd, 1990}; thus, this forest covers almost all the mesas and upper canyons.
Pinyan are lowspreading, open-crowned evergreens that grow with juniper and cedar
(Curtin, 1965). They seldom exceed 30 feet in height; thus, these trees are classified
as members of the pygmy conifer woodland (Barbous and Billings, 1985). These
typically monoecious trees yield their products, nuts and berries, in the fall.

The

products have long been exploited not only by small mammals such as pinyon mice
and ground squirrels, and birds, but by early Anasazi indians and modern day
humans also. Not only are the nuts and berries sought after, but also other parts of the
tree have been utilized such as the resin ( watertight sealer} and the trees themselves
(good fuel supply}.
The pinyon, in this given area, have been subject to mountain pine beetle
(Dendroctonous ponderosae ) infestation.

In addition, these beetles seem to be

vectors for fungi that have infected the already infested trees.

This epidemic of

infestation seems to occur at the ecotone region, an area which is characterized by
"species richness" (Kricher and Morrison, 1988). The pinyon population overlaps with
ponderosa pine (Pinus ponderosa ) and scrub oak (Quercus dumosa ).

Generally

pinyon have been prone to infestation (Mapper and Whitham, 1986 ); however, this
type of infestation usually does not result in an increase in pinyon mortality which is
followed by their replacement by ponderosa pine and scrub oak.

..,=---,: ....
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The infested individuals have a characteristic brown patchiness in their foliage
color, termed as a "flagged" appearance, making them easy to identify. Generally,
trees exhibiting this "flagged" appearance seem to be able to withstand the infestation
for 2-3 years then succumb to it, while some exhibit the infestation effects then die
within the same season. These individuals are called "faders" (Floyd, 1990). On the
other hand, the healthy individuals, in many cases adjacent to the "flagged' ones, have
a uniform foliage color.

In other words, not all trees of this site are susceptible to this

infestation. It is possible that there is some genetic basis responsible for the "flagged"
appearance of infested trees; even more, for the ability of some trees to survive
infestation (Hubbes, 1985 ).

Through the evaluation of possible genetic variability

using polymorphic enzymes, it is possible to correlate the genetic composition of an
individual with its susceptibility to infestation (Mulvey, 1987 ).
The presence of polymorphisms, various genetic forms that result in phenotypic
plasticity, is important in determining the survival of individuals in natural populations.
This holds true especially for plants where it can be advantageous to be
phenotypically flexible since plants are stationary organisms. This plasticity of plants
is a result of mutations of all kinds, and of sexual recombination (Salthe, 1972 ). Thus,
genetic polymorphism would most likely be responsible for the difference in resistance
and susceptibility of healthy and infested pinyon.

In order to attempt to prove the

validity of such a hypothesis, a look at protein polymorphisms within the pinyon
population, notably enzyme polymorphism, can be employed.
Enzymes are protein catalyst that regulate the flow of metabolic pathways. Most
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enzymes are very specific for the type of reaction that they catalyze. Many of these
proteins found in a broad range of species. such as gymnosperms, angiosperms,
invertebrates, and vertebrates, are polymorphic (Mitton and Grant, 1984). This high
level of polymorphism is common in nature. A hypothesis for the evolutionary role of
enzyme polymorphism is that this variability allows for metabolic plasiticity in an
environment that is subject to numerous perturbations ( Johnson, 1973).
The reason for the attention to be focused on enzyme polymorphisms is that
ese proteins and their isozymes, which are multiple forms of an enzyme, are
th
distributed and involved in numerous parts of the living cell and its metabolism; thus,
making them ideal biological markers. The genotypes of these isozymes can be
heterozygous or homozygous. Studies that were primarily conducted using cultivated
plants and domesticated animals, and work with isozymes from their various metabolic
pathways have indicated that the homozygous isozyme form is associated with inferior
metabolic efficiency, growth rate, developmental processes and, reproduction. On the
other hand, a multitude of studies linked heterozygosity with superior growth rates
(Mitton and Grant, 1984), an increase in plant yield (Pfahler, 1966), and lowered
energetic demands of maintenance in metabolism, making more energy available for
growth and reproduction (Mitton et. al., 1986).

In addition, these observations and

others s0em to imply that a significant component of fitness is contingent upon the
degree of heterozygosity. In other words, the degree of fitness is directly related to the
level of enzyme heterozygosity.

Thus, ultimately, heterozygosity may be indicative of

a genetic basis for resistance ( healthy pinyon treas). For example, in a study working
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with pinyon on Sunset Crater in Arizona, it was demonstrated via the use of six
polymorphic

enzymes,

glucose

phosphate

isomerase(E.C.5.3.1.9),

phosphoglucomutase(E.C.2. 7.5.1 ), glycerate dehydrogenase(E.C.1.1.1.29), isocitrate
dehydrogenase(E.C.1.1.1.41 ),
peroxidase(E.C.1.11.1.7),

shikimic

dehydrogenase(E.C.1.1.1.25),

and

that the trees that were resistant to stem-moth attack

exhibited more enzymatic heterozygosity than did the trees that were prone to
herbivory (Mapper et. al., 1988).

This implies that heterozygosity may be somewhat

advantageous for individuals that are living in an environment that is prone to stress
and attack.

It should be noted that the polymorphic enzymes serve as a marker and

are not necessarily directly involved with the suscepitbility of the infested individuals.
In addition, these enzymes may not even be closely linked with genes that determine
resistance; however, the enzyme may show some aspect of the genome that depicts
the difference in the healthy and infested individuals.
A method that is employed to evaluate the possible genetic variability of

enzymes between healthy and infested individuals

is starch gel electrophoresis

(Mulvey, 1987). This technique, which was introduced by Smithies in 1955, can show
if there are different forms of a given enzyme.

Starch gel electrophoresis is preferred

over the other types of gels (i.e.agarose) for a number of reasons. Notably, it does not

usually interfere with the assay of enzyme activity on the gels. In addition, its matrix
has greater sensitivity to resolution of enzyme bands.

A gel is analyzed based on the

banding patterns of the enzymes on the gel itself.

Enzymes are separated into a

pattern of bands based upon the electric charge of each. (Knowles and Grant, 1981 ) .
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Starch gel electrophoresis entails the separation of the enzyme based on its electrical
properties by passing an electric current thrpugh the starch gel in which the enzyme
samples are placed.

The enzyme's charge depends upon the proportion of its

charged carboxyl groups (develops a negative charge) to its amino groups (develops
a positive charge).

In addition, in order to transmit the current through the gel, the gel

itself must contain an electrolyte buffer. The ionic strength of the buffer plays an
important role in the movement of the enzyme i.e. buffers of low ionic strenghth permit
fast migration and result in a relatively small increase in heat as the gel is run. On the
other hand, buffers of high ionic strength give a sharper separation of the enzyme.
Also, the pH of the buffer has an influential role. If the pH is decreased, the amino
groups become ionized resulting in the enzyme assuming a positive charge.
However, if the pH is increased, the carboxyl groups become ionized; thus, the
enzyme acquires a negative charge.

In addition, by varying the pH of the buffers via

trial and error, it is possible to reveal various undetectable banding patterns
(Chippindale, 1989). The greater the electrical imput that is applied to the system, the
faster the enzyme will move in an electrical field in the direction of the electrode
possessing the opposite charge.

The result of running a gel is the appearance of

various banding patterns on the starch gel itself depending upon the enzyme or
isozyme that is being studied. The enzyme I used is D-Glycerate deydrogenase which
was obtained through extractions made from the needles of pinyon trees.
D-glycerate dehydrogenase was used to determine any genotypic differences
between the healthy and infested pinyons. These genotypic differences can be
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obtained via electrophoretic analysis of the needle extracts, and subsequently staining

them for enzyme activity to observe any ban~ing patterns that may be present on the
gel.

It is expected that the banding patterns would reflect some genetic variability

between healthy and_ infested pinyon trees. This enzyme was chosen because _its
banding patterns observed in other studies of various trees seem to yield the least
complex ones.

In

these other studies (Neale, 1984), the difference between

individuals that were heterozygous or homozygous for the enzyme was distinct.

In a

study that examined the inheritance of needle tissue isozymes in Douglas-fir trees,
individuals that were heterozygous for glycerate dehydrogenase appeared to be triple
banded, showing a pattern in which three bands of enzyme activity were observed
some distance away from the well in which a sample was placed.

On the other hand,

homozygous individuals were single banded; one band was observed some distance
away from the well.

The distance of the band from the well depended on which

isozyme was being studied, (Neale, 1984).

Thus, this implies that the heterozygotes

resulted from the combination of two differing homozygous individuals.

This

characteristic enables the study of this enzyme to be a simpler banding pattern than
the study of other enzymes.

The reason for this is that some enzymes, notably

peroxidase, are developmentally regulated. The result of such a regulation is the
appearance of various numbers of banding patterns that change depending on the
stage of the individual's development.
D-Glycerate dehydrogenase (EC 1.1.1.29) is an NAO+ oxidoreductase, which
is an enzyme that catalyzes oxidation-reduction reactions. D-Glycerate
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dehydrogenase was first isolated and characterized in a study using parsley leaves
to illustrate the ability of this enzyme to catalyze the reversible reduction of
hydroxypyruvate to 0-glycerate (glyceric acid) in the presence of the coenzyme NAO
(nicotinamide adenine di nucleotide) ( Stafford et al, 1953).

NAO+ is an essential

coenzyme of many enzymes that are involved in oxidation-reduction systems (i.e.
respiration and photosynthesis) of living cells.

0-glycerate dehydrogenase is no

exception; the presence of NAO+ is important to the enzyme's ability to transfer and
accept hydrogen atoms is aided by the coenzyme:
0-Glycerate + NAO+

-

hydroxypyruvate + NAOH

This enzyme is contained within microbodies, respiratory subcellular organelles found
in all eukaryotic plant and animal tissue, leaves and livers, respectively (Tolbert,
1980).

Even

though

the

metabolic

pathways

of

microbodies

are

catabolic(degradative), their products may be used in biosynthetic processes that are
essential for cell growth and development such as respiration and gluconeogenesis.
In higher plants, glycerate dehydrogenase is present in the single membrane bound
microbodies called peroxisomes which are located in the leaves.
Further studies of other plants, namely spinach and tobacco, showed glycerate
dehydrogenase, as an enzyme of high specificity (Kohn and Jakoby, 1968). These
additional studies were done using the leaves of the plants. Thus, the needles of the
pinyon trees are a convenient source of glycerate dehydrogenase and its isozymes .
In addition, these needles are also a suitable source for other enzymes, namely
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peroxidase.
Peroxidase (E. C. 1.11.1. 7) is a respiratory enzyme which is developmentally
regulated. In other words, this hydrogen-peroxide oxidoreductase tends to be present
in different isozymic forms at different developmental stages ( Tolbert, 1980 ).

It is a

ubiquitous protein; thus, it can be found in sources such as Japanese radish,
horseradish and cow's milk. The function of peroxidase is to catalyze the transfer of
hydrogen from a donor to peroxide ( Kramer and Kozlowski, 1979 ).

ft should be

noted that, this reaction utilizes a wide range of substances as donors.
Donor + H202

-+

oxidized donor

+

2 H20

Peroxidase, like D-glycerate dehydrogenase, is polymorphic ( Tolbert, 1980 ).
Thus, it was studied, in addition to D-glycerate dehydrogenase, in the attempt to draw
some correlation between protein polymorphisms and the health of the pinyon trees.
The peroxidase study was conducted prior to the D-glycerate dehydrogenase study.

It

was expected that both enzyme studies would reflect similar results in terms of enzyme
variability and health of the pinyon.

However, as stated previously, peroxidase is

developmentally regulated. Thus, various forms of heterozygosity and homozygosity
were exhibited, depending on the age of the tree.

Nevertheless, I attempted to

determine whether there is some correlation between

individuals that are

heterozygous for a polymorphic enzyme and resistance, as would be predicted.
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Materials and Methods
Study area and species
The study area included selected areas in southwestern Colorado; Wild Cat
Canyon, area surrounding and in close proximity to Fort Lewis College in Durango,
and various sites in Hesperus.

This study was limited to Colorado pinyon, Pinus

edulis .. The pinyon have gained their reputation as a result of human and other
mammals and birds' consumptions of the trees' nuts and berries.

The trees of the

study areas co-existed with juniper and sage; thus, in most cases the study was
confined to the ecotone area since it was at that level that infestation appeared to be
prevelant.
Field Techniques
The sites were surveyed by setting up 1 Om x 1 Om transects.

Trees in the

given transect were examined under their barks for the presence of galleries ( a
passage made in wood by an insect). In addition, the condition of the trees' needles
were noted.

The diameter of the base and breast of the tree, also its height were

noted regardless of whether the tree appeared to be under some infestation;
judgement was

based on frequency of galleries and condition of needles.

This

survey began in May of 1988 and ended in July of 1988.
Extraction procedure
Needle samples were obtained from paired trees; infested and healthy trees of
comparable size in close proximity to each other. Needle tissue was placed in a cold
mortar and liquid nitrogen was then added. Liquid nitrogen aided in the fracturing of

----
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the tough tissue that characterizes pine needles. It cooled the extract and provided an
atmosphere free of oxygen during the initi~I cellular pulverization step.

Molecular

oxygen' s presence converts the monophenols that are already present in the needles
into diphenols.

This conversion interferes with resolution of the bands on the gel

(Kelley and Adams, 1976). The tissue was ground until a fine green powder was
obtained, then 2 ml of the grinding buffer solution was added. The grinding solution is
used to prepare enzyme solutions from foliage of pine, fir, and spruce trees (Mitton,
1979).

This solution contained .01 M germanium dioxide, distilled water, 2 M

diethyldithiocarbamide, 5 M pH 7.0 phosphate buffer, 10% dimethyl sulfoxide, .02 M
polyvinylpyrrolidone, .2 M sodium borate, .02 M sodium metabisulfite, .25 M sodium
ascorbate, .005% B-mercaptoethanol, and .05% 2-phenoxyethanol.

This grinding

buffer was prepared by dissolving the germanium dioxide in boiling distilled water
which was then cooled at room temperature, and the other ingredients were added.
The cold fine powder and grinding solution were mixed into a slurry. The sample was
then placed in a microtube, labeled and then put on ice. When all the samples had
been subjected to this procedure, they were centrifuged in a microcentrituge for
approximately 1 0 to 15 minutes The clear green supernant was saved and placed in
the freezer.
Electrophoretic Techniques
The "Paulik" buffer system #3 was used. The success of the buffers, which
depends on the appearance and resolution of bands on the gel, that were used was
contingent upon their pH's.

In the gel buffer, the concentration of Trizma base, Tris
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(hydroxymethyl) aminomethane, .076M was also of significant importance. 3.6g starch
was placed in 25ml of the gel buffer system which produced a 12 % starch solution. In
'

addition, the tris concentration was increased in various increments in an attempt to
obtain the concentration that would yield the best results (Chippindale, 1989).
For peroxidase, the standard procedures and recipes for the various buffers
were similar those that are described below. The gel buffer was pH 8.7, and had the
standard tris concentration of .073 M.

The electrode buffer was at pH 8.2, and had

the standard borate concentration of 0.3 M.

On the other hand, for D-glycerate

dehydrogenase, various pH values were experimented with until pH 9.4 proved to
provide exceptional resolution when compared to the other pH values. The starch and
buffer were mixed together by swirling until the starch was uniform suspension. The
mixture was then placed on a hot plate at its highest temperature setting. It was then
swirled at intervals to ensure that the solution was one uniform color and consistency.
When the solution came to a boil, it was removed and shaken gently, to remove
excess air bubbles, and was allowed to cool for approximately 1-2 minutes on the
bench. It was then poured gently ino a mold and, any excessive lumps or bubbles
were removed with a spatula. This starch solution was left to sit on the bench for about
20 minutes , then placed in the freezer or refrigerator for about 1 O to 15 minutes until
the gel solidified. Approximately 20-35 µI of the samples were then mixed with 5 µI of
glycerol and placed in the separate wells that had formed by the comb that was
placed initially in the liquid gel.
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Running the gel
The gel was placed in a horizontal e!ectrophoretic apparatus. The electrode
borate buffer pH 8.2 (0.3 M borate adjusted to pH 8.2 with sodium hydroxide) was
carefully poured over the gel, covered, and connected to a power source.

Gels were

electrophoresed for approximately 3.5 to 4.5 hours at a 50 to 60 milliamp range in a
refrigerated room with ice packs on and surrounding the covered apparatus to prevent
possible overheating of the system.
Staining the gel
The recipe for the electrophoretic stain for D-glycerate dehydrogenase was
provided by Davis in 1981.

1 mM of NAO, 0.1 M of glyceric acid (substrate) , 1 mM of

MTT ( 3-[4,5-Dimethylthiazol 2-yl]- 2,5-diphenyltetrazolium bromide ) and .2mM PMS
(phenazine methosulfate) were all added to a cooled .05 M tris malate agar solution.
This staining solution was then poured over the gel and incubated at 37° until blue
bands appeared.
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Results
Starch gel electrophoretic techniques for D-g/ycerate dehydrogenase

The gels that were initially used were made with the Poulik gel buffer, pH 8. 7.
These gels were electrophoresed at a 25-30 milliamp range for approximately 4 hours,
with 25µ1 of a given sample and 5µ1 of glycerol in each of the 8 wells.
success using these variables.

I had no

There was an absence of banding patterns; this

applied to even the commericial enzyme that was run as a control.

Instead, the only

thing that was present on these starch gels was a diffuse stained region that extended
across the gel at approximately 3 cm above the wells. In an attempt to remedy this
unexpected observation, a number of variables were altered.
It was possible that the glycerol that was being used to hold the samples in the

wells might have had an inhibitory effect on the reaction of glycerate dehyrogenase in
the extracts. Thus, 30% sucrose was used as a substitute. There was no significant
change in the appearance of the gel.

The amount of extract that was being placed in

the wells was the next variable that was altered. The hypothesis behind this change
was that it was possible that the blurry "band" that extended across the gel might have
reflected the application of an excess amount of sample. Thus, the amount of sample
was reduced to 15 µI and glycerol to 2.5 µI.
stained region,

A slight band, aside from the diffuse

was present above 2 wells on these altered gels.

However, the

bands were too faint to reflect any significant amount of enzyme activity.
The alteration that was tried next was a change in the pH of the tris gel buffer.
Some buffers mask the variation of some enzymes. Thus, in order to maximize the
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expression of the amount of electrophoretically detectable variation that might be
present, it was recommended that the pH of the gel buffer should be experimented
'

with ( Chippindale, 1989).

Through the method of trial and error, pH 9.4 seemed to

render the resolution of all the recommended pH's, although the overall resolution was
still poor.

The diffuse region still prevailed; however, there was a faint band above the

wells, and in some cases, it appeared that 2 extremely faint bands were present
( Fig. 1 ).

Top.-----------~ cathode

well

anode

Figure 1. A diagram of a starch gel depicting the diffuse region which is in the
uppermost portion of the diagram.
The appearance of the faint bands is also
illustrated here.
The resolution of these bands still was not acceptable. Thus, another change in
another variable was implemented. I used an increase in the current applied to the
gels ( 25-30 millamps increased to 50-60 miliamps).
ice packs were placed around the apparatus.

To further prevent overheating,

The gels were then allowed to run for
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about 3 to 3 1/2 hours.

The enzyme was still not resolved significantly on the gel.

The resolution improved slightly, but not enough to draw any conclusions.

The diffuse

region was still present.
It was possible that the diffuse region was reflecting something other than the

properties of D-glyceratedehydrogenase.

In other words, its presence might have

been caused by something other than the enzyme. This supposition was made as a
result of the appearance of the faint bands above the wells. Subsequently, glycerol
and the grinding buffer were electrophoresed by themselves in the absence of needle
extract. It was found that the grinding buffer or rather, some component of this buffer,
seemed to be causing the appearance of this diffuse base on the gel. Therefore, this
reaffirmed the notion that the faint banding above the wells might in fact that reflect
some D-glycerate presence however limited.
In order to improve the faint banding patterns, I sought to reduce the amount of
the grinding buffer in the samples themselves. Thus, the amount of grinding buffer in
the extraction procedure was decreased by one half (1 ml) the measure that was
usually used.

The banding improved slightly, but not enough to draw some sensible

conclusions.
Finally the last issue that was explored as a possible cause for the lack of
success was the stability of D-glycerate dehydrogenase in the samples.

Many of the

samples that were run had been stored in the freezer anywhere from 2 weeks to 3
years.

It was suggested (Hamrick, 1991) that

the stability of D-glycerate

dehydrogenase might be somewhat questionable. Therefore, fresh extracts were run
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on some gels; however, the anomalous diffuse region persisted, and any appearance
of other banding patterns was negligible.
Peroxidase- example of genetic variation ?
Peroxidase was also studied to examine any general banding patterns in
healthy and infested pinyon trees. The study of 0-glycerate dehydrogenase did not
provide any data to support my hypothesis that enzyme polymorphisms correlated with
the health of the trees. Peroxidase had been used successfully, in terms of visualizing
clear banding patterns, in a preliminary study to correlate the banding patterns on the
gel with that of resistance and susceptibility ( Floyd, and Brennessel, 1990 ).
Approximately 1 o groups, a total of some 91 individuals, of paired healthy
and infested trees were used in attempt to attain some general banding patterns that
correlated with healthy pinyon and those pinyon that were prone to infestation. Out of
the 1 O groups that were tested, only 1 group which consisted of 15 paired individuals
showed any support for the hypothesis that was being addressed.
Susceptible individuals were expected to exhibit a different banding pattern
from that of healthy individuals.

Infested individuals were expected to show the

homozygous banding pattern, actually 2 different

homozygous forms.

Healthy

individuals were predicted to express the heterozygous banding pattern (Figure 2).
One group did exhibit such a correlation; however, the banding patterns within each
group showed differing appearances. Since peroxidase is developmentally regulated,
the banding patterns in all three groups ( 2 homozygous and 1 heterozygous ) varied
depending on the individual tree. The banding patterns of needle extracts (Figure 3)

18
deviated som ew hat fro m the expected banding pattern (Figure 2 ).

A

Well

AB

cathode

B

-- --- -====-

--

-

anode

Figure 2. The three ideal regions of peroxidase activity.
homozygotes and AB was the heterozygote.

A

A and B were the

B

AB

cathode
cc

cc

cc c c:iccc

cc::J c:i

anode
Figure 3. The variety of banding patterns that were actually exhibited for each
group. A was homozygous. It expressed 2 forms. AB was heterozygous. It
expressed 9 forms. B was the other homozygous form. It expressed 3 forms.

The variety of banding patterns in Figure 3 were catergorized using the
expected banding patterns of Figure 2.

Since peroxidase was a developmentally

regulated enzyme, it was assumed that this enzyme would exhibit different banding
patterns at different developmental stages.

The banding patterns of Figure 2 were

20

Table 1

The genotypes of a control and infested population.

Enzyme

Trees

Peroxidase

Control 1~7

Peroxidase

lnfes1ed 1

AB

A

+
+
+"

Infested 2

+

Infested 3

+

Infested 4
Infested 5

B

+*
+

Infested 6

+

Infested 7

+

Infested 8

The control ( healthy ) individuals tended to express some form of heterozygosity;
whereas, the infested exhibited some form of homozygosity.
* This particular banding pattern and its variations were expressed the least frequently
of the three major banding patterns and their variations.

Even though this selected group of 15 individuals was not repesentative of the majority
of the 91 individuals, it was used here for the sole purpose of illustrating the genetic
variation between healthy and infested individuals.

This set of data was a somewhat

ideal set that supported the hypothesis almost 100% (Table 2 ).
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Table 2 Cbi-souared test of control and infested population from Table t
B

AB

A

Trees

7

Control

X2 of Control AB =1.

6

1

1

Infested

x2 of Infested A =.125.

X2 of Infested AB = .125.

x2 of

Infested B = .75.

The Chi-squared data of Table 2 was given in terms of relative frequencies of
banding patterns

to the health of the trees.

controls in Table 2

Thus, the chi-squared value for the

indicated that the frequency of healthy heterozygous AB was 1

(100%). The frequency of infested homozygous A was and infested heterozygous AB
was each .125 (12.5%), and the frequency of infested homozygous B was .75 (75%).

Table 3 Qhi-squared test of the remaining population
Trees
Healthy
Infested
x2 of Healthy A

=

A

AB

B

3

25

9

7

23

9

.08. x2 of Healthy AB

=

2
.68. X2 of Healthy B = .24. X of Infested A

=.18. x2 of Infested AB = .59. x2 of Infested B = .23.
The chi-squared data of Table 3 depicted the banding pattern frequencies in
relation to the health of the trees of the remaining 9 groups. The difference between
the healthy and infested banding pattern frequencies was not significant. The
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frequencies of healthy and infested homozygous A, .08 (8%) and .18 (18%)
respectively, did vary somewhat; however, the frequencies of healthy and infested
heterozygous AB .68 (68%) and .59 (59%) , and healthy and infested homozygous
B, .24 (24%) and .23(23%) respectively did not differ significantly.
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Discussion
Forest trees are hosts for numerou~ organisms that can render these trees
unhealthy and in many cases result in the death of the trees ( Linhart, 1989). When a
population of trees, in this particular instance pinyon pine trees, experiences some
form of infestation, the damage usually results in patchiness in the population of trees.
This patchiness is attributed to the presence of healthy trees which are most likely
resistant to the infestation, and the presence of individuals that have succumbed to
the infestation. The characteristic that attracts an organism to exploit a tree probably is
a result of a phenotypic feature of the tree. The phenotypic characteristic is a result of
the genotype of the tree.

In other words, the genotype of a tree ultimately determines

the success of a tree in a particular environment. An example of such was depicted in
the study of herbivory on ponderosa pine needles by the mule deer ( Odocoileus
hemionus ), and the wooly aphid ( Pineus coloradensis).

The feeding preference of

each herbivore was contingent upon the presence of one esterase locus that selected
When cone production was high, the
for an increase in the production of cones.
trees were parasitized by more deer; however, when an isozyme of the esterase was
present in the place of the initial esterase, cone production decreased.

Thus, the

deer herbivory decreased and the aphid herbivory began. Nevertheless, the aphid
herbivory did not have as negative effect on the pine population as did the deer
( Linhart, 1989 ).
These studies exemplify the hypothesis of this paper that the susceptibility of
organisms to predation has a genetic basis. It is usually the phenotype on which the
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selection occurs; however, the phenotype is dictated by the genotype.
electrophoresis to detect any genetic variability between

Via the use of

healthy and infested

individuals, others have shown, notably Mopper, et al., 1988, that electrophoresis was
a suitable method distinguish the genotypes.
In this particular study, I was unable to determine any genetic variability based
on the enzyme D-glycerate dehydrogenase.

It was more than likely that my lack of

success was due to various hitches in methodology.

The problem may have been in

numerous places, notably the freshness of the needles, the extraction procedure, the
concentration of tris in the gel buffer, the voltage that was applied to the system; the
duration of time of electrophoresis; and maybe even the type of gel that I utilized. Even
though some experimentation was done using acrylamide gel matrix

without any

success, it is possible that acrylamide might be suitable for this study.
Some success

was obtained using peroxidase as the polymorphic marker;

however, the enzyme itself was too variable in terms of the numerous banding patterns
that were present.

Thus, I was unable to attain any significant results that would

support my hypothesis; the Chi-squared values comparing all the individuals tested

( Table 3 ) are indicative of the absence of any correlatiom. There was hardly any
significant difference between the infested and healthy trees in reference to
peroxidase.
and Table 3
supposition.

However, in the one group---- When the Chi-squared values of Table 2
were compared,

the values of Table 2

appeared to support my

The control (healthy) individuals were heterozygous for the peroxidase

locus. On the other hand, the infested individuals were one of the two types of
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homozygous forms.
For a particular study such as this ,one it was more suitable to choose a
somewhat simple polymorphic enzyme, such as D-glycerate dehydrogenase.

The

data that was obtained from the peroxidase study which somewhat supported my
hypothesis was far too limited in its survey to draw any substantial conclusions from it.
Thus, in terms of experimental success, this study was unable to obtain data to support
its hypothesis.
However, if time permitted other facets could have been addressed to confirm my
supposition.

Factors such as the difference in resin volume, and reproductive success

could have been examined.
Resin production is a defense mechanism utilized by trees that are under some
form of attack, and requires a significant imput of energy by the tree. This defense
system utilizes resin to trap insects in oleoresin or pine gum, it then hardens, and the
insect dies of starvation.

In a preliminary study, the resin volume of infested pinyon

individuals tended to be significantly lower than the healthy pinyon individuals ( Floyd,
1990).
It would be expected for the reproductive success of infested individuals to be
altered substantially.

When a tree is under some form of stress, and in case of the

pinyon pine trees, infestation by the mountain pine beetle, a tree tends to redirect its
energy towards its defense. Other functions, such as reproduction are temporarily
suspended until the stress is removed.

Thus, the reproductive success of infested

individuals might be substantially lower than that of healthy individuals.
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Thus, these two factors would be ideal to explore in an attempt to obtain the
basis for the mortality in infested pinyon pine !rees.
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