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ABSTRACT

In this study, a simplified procedure for the isolation of 

• mitochondrial DNA from the giant stonefiy, Pteronarcys californica,

was developed. The mitochondrial DNA was purified, cut with 

restriction endonucleases, electrophoresed on agarose gels, and 

stained. The isolation of mitochondrial DNA has been used in the 

past to analyze variations within populations of organisms. This

application has proven useful in better understanding how 

populations have developed and evolved through time. However, until 

recently the isolation of mitochondrial DNA and its analysis has 

been a tedious process requiring extensive laboratory facilities. The 

generation of a simplified procedure should make these applications 

possible for the giant stonefiy. Although the procedure I developed 

did not yield mitochondrial DNA free of contaminants, the

modifications introduced here do point the way for further work.
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INTRODUCTION AND LITERATURE REVIEW

The use of mitochondrial DNA or mtDNA in research has gained

♦ acceptance and an increased amount of research during the past 

fifteen years. mtDNA has been proven to be effective in the analysis 

of how populations evolve through time by examining the level of 

nucleotide sequence variation in restriction endonuclease digested 

mtDNA fragments (4). However, little work has been done examining 

insect populations, with the exception of Drosophila. The purpose of 

this study was to isolate mtDNA from the giant stonefly, 

Pteronarcys californica (Figure 1). To better understand how and 

why this was done, an understanding of the mitochondria, how they 

have been used in research, and the role stoneflies play in research, 

is helpful.

Mitochondria are the powerhouses of the eukaryotic cell. They 

provide energy for cell function in the form of ATP produced through 

the association of the electron transport chain, numerous enzymes, 

and its own internal membranes. A great deal of this function and 

the structures which create the mitochondrion are under the

* autonomous control of mtDNA. The autonomous nature of the 

mitochondria is thought to be a remnant of their existence as free- 

living cells. These cells were probably members of the purple

1



Figure 1. Adult giant stonefiy (Pteronarcys californica).

Figure 2. Stonefiy habitat on Rock Creek. Twenty-six miles
upstream from the confluence of Rock Creek and the Clark 
Fork River.
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bacteria phylum (2). One to two billion years ago, they entered into 

a symbiotic relationship with an ancient archaebacterium and began 

their role as power-producing organelles (2). The advantages

> provided for the host archaebacterium resulted in enormous

evolutionary success for these early eukaryotes. The most 

important advantage was the increased efficiency of ATP production 

made possible by the specialized enzymes of the electron transport 

chain (24).

The function of the mitochondria is still partly controlled by 

its own DNA. mtDNA consists of a circular, double stranded DNA

molecule, 25,000 times smaller than the tiniest animal nuclear 

genome (4). The mtDNA uses a slightly different amino acid code 

than the universal code present in nuclear DNA (4). This means that 

the nucleotides in the DNA’s (heavy and light) strands code for 

different amino acids than would result for the same sequences in 

the nucleus (4,20,26). The genes contained in the nucleotide 

sequences of mammalian mtDNA are without introns (intervening 

sequences) and provide an efficient, streamlined genetic message 

(20,23). Mammalian mtDNA provides the genetic information for 13
Hi

protein genes, 22 transfer RNAs, and two ribosomal RNAs. In 

addition, the mtDNA has a control region which regulates 

transcription and replication (3). The mitochondrial
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transcription/translation process is called the “tRNA punctuation 

model of RNA mitochondrial processing.” Advanced by G. Attardi, 

this model accounts for the strict accuracy maintained throughout

• protein synthesis (20). However, the level of accuracy in the 

replication process is more variable (4).

Although gene sequence has been strictly maintained 

throughout evolution, mutations occur more frequently during 

replication in mtDNA than in nuclear DNA. The higher rate of change 

in mtDNA aid in the study of phylogenetic relationships within 

species (14). Studies in vertebrates (mainly mammals), yeasts, and 

Drosophila have shown that silent substitutions, which do not result 

in amino acid replacement, occur six to seventeen times more often 

than in nuclear DNA (4,23). The rate of substitutions for each codon 

position is most frequent in the third position, much less frequent in 

the first position, and even less frequent in the second position (4). 

Yet, these mutations rarely hamper the overall gene product (17). 

The increased “wobble” at the third position in the mtDNA code 

makes mutations less influential, thus preserving the gene’s 

function (20,26).

* The incidence of addition/deletion mutation, which can be very 

disruptive, is inexplicably lower for mtDNA (4). It is theorized that 

the different composition of mtDNA, resulting from its altered
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genetic code, may add structural fitness to the DNA strand (4,5). 

This is further supported by the unusually high content of specific 

nucleotides in invariable regions (4). Wesley Brown described the

• overall effects of mutation by saying there is much more tolerance 

of sequence variation in mitochondrial than in prokaryotic or 

eukaryotic nuclear genes, but the basic secondary structural 

features of the mtDNA are conserved (4).

An understanding of how mtDNA are transmitted to offspring 

is essential to the study of populations. mtDNA lends itself to 

phylogenetic studies in being maternally inherited. It is transmitted 

linearly to the offspring through the mother’s egg (14). A strictly 

maternally inherited genome is easier to trace phylogenetically 

because Mendelian laws no longer apply (1). However, recent 

research has suggested some instances of a paternal mtDNA 

contribution (10,11,25). Some studies have also suggested that 

mtDNA may recombine with nuclear DNA (2). The impact of these 

factors on the evolution of populations is currently being 

investigated (2,10,25).

During its billion years of evolution, the mtDNA genome has

* proven to be a highly conserved molecule. The gene products 

translated today have the same function as those produced many 

years ago. The mtDNA genome carries only essential genetic
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information; included are genes for oxidative phosphorylation, 

transfer RNA, and ribosomal RNA (4,24). Recent research has 

discovered a number of remarkable characteristics which may

• impact our understanding of how and why the genome evolved the 

way it has. For example, mtDNA generally ranges in size between 

15,700 - 19,500 base pairs (4). Studies are now finding organisms 

with larger genomes. The lizard, Cnemidophorus exsanquis, has a 

genome of 22.2 kilobases, the deep sea scallop, Placopecten 

magellanicus, has a genome of greater than 20 kilobases, and the 

bark weevil, Pissodes, has a genome of 30 - 36 kilobases (3,19). The 

increases in genome size are probably due to repeated adenine and 

thymine rich sequences and variances in the size of the control 

region (3). This is remarkable in that large DNA molecules are 

thought to be at a selective disadvantage because they take longer to 

replicate (3,4).

A second remarkable characteristic of mtDNA is the condition

of heteroplasmy. Individuals will occasionally have more than one 

type/length of mtDNA. The range in size of mtDNA genomes due to 

heteroplasmy is probably caused by isolated mutations within the

• organism. Paternal inheritance may also be a factor (14). This 

condition should be taken into consideration in analysis of mtDNA

evolution.
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The analysis of mtDNA for determining evolutionary 

relationships has gained widespread acceptance. The high degree of 

conservation of gene order, coupled with the high rate of mutation,

• makes mtDNA a useful tool by which sequence variance within a

species can be measured. In order to analyze evolutionary 

relationships, a battery of restriction endonucleases are employed. 

These enzymes recognize and catalyze cleavage at specific 

nucleotide sequences in the mtDNA. As the mtDNA mutates over 

time, differences in the nucleotide sequence arise, some of which 

affect sequences recognized by restriction enzymes. By comparing 

the different fragments produced by the restriction endonucleases, 

one can estimate the degree to which the mtDNA has changed. For 

example, two organisms which diverged from a common ancestor 

long ago would show greater variance in the nucleotide sequence of 

their mtDNA than two organisms which diverged more recently. This 

is based on the assumption that mtDNA mutates randomly at a 

constant rate. In general, one can expect a two percent change in 

mtDNA sequencing for every one million years of evolution (4).

The early techniques for isolating mtDNA involved elaborate
a

laboratory setups and time consuming processing of the mtDNA (31). 

The use of carcinogenic chemicals and ultracentrifugation to purify

the mtDNA made its isolation unfeasible for small laboratories.
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Modified procedures for the isolation of mtDNA were derived mainly 

from techniques used to isolate plasmids (4). These techniques took 

advantage of the circular nature of the genetic material and lent

• themselves for use in smaller labs.

This study is based on a modification of a procedure developed 

by Tamura and Aotsuka (27). Their procedure enabled the collection 

of mtDNA from Drosophila sulfrigaster, without ultracentrifugation. 

Few, if any, similarly modified procedures have been successful in 

isolating insect mtDNA. Earlier research into insect populations of 

migratory grasshoppers, screwworm flies, blowflies, and bark 

weevils relied on ultracentrifugation (3,6,7,25).

The procedure developed in this study has been modified 

specifically for working with stoneflies. It differs from the 

procedure developed by Tamura and Aotsuka (27) in a number of 

ways. This study was done using individual organisms (with one 

exception) rather than pooled samples. The homogenization of whole 

stoneflies involved an increased number of centrifugations, designed 

to remove contaminants. Furthermore, this procedure called for a 

second purification of the mtDNA and a different method of staining.

• Essential to this study is the stonefiy itself. The Pteronarcys 

californica are herbivorous/detritivorous insects belonging to the 

order Plecoptera (16). The giant stonefiy ranges from Montana and
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Kansas to New Mexico, west to California, and north to Washington 

(18). They are 3.8 - 6.3 cm in length with brown or gray bodies. The 

prothorax has a red midline and brown cerci protruding from the

• abdomen; the wings of the adult have rows of blackish cross veins.

In this study, the adult terrestrial form was used (1,18).

The stonefly has a three year life cycle. Most of this time is 

spent in the nymphal form, feeding on diatoms (75% of its diet), 

vascular plants (15%), and detritus (8%) it encounters crawling 

along the bottom of rock filled streams (8,13,16). As a nymph, the 

stonefly moves very little, migrating less than 2 m per day (8). Yet, 

after they emerge into the adult form, they become sporadic flyers, 

capable of traveling many meters. The possibility of large ranges is 

very suggestive for the analysis of populations.

The emergence of the stonefly from its aquatic nymphal form 

to a terrestrial adult is a time of excitement for fish and fly- 

fisherman alike. Trout feed voraciously on emerging stonefiies. In 

the words of Ross Arnet, stonefly emergence “attracts thousands of 

anglers from all over the United States to Montana and other 

western states, and of course, contributes to the economy of those 

regions (1).” The stonefiies swim to the shore and climb out of the 

water onto a sun-warmed perch (Figure 2). The nymphs shed their 

nymphal exoskeletons, discarding external gills and adding wings,
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and wait for their exoskeletons to harden (1). The adults’ sole 

purpose is to mate. To this end, they no longer feed; all the energy 

they need is stored (18). Mating occurs while the flies are resting

< on foliage or rocks and may last two to three hours (16). The larger

and more numerous females oviposit up to 6000 eggs by dipping 

their abdomen in the water, allowing the eggs to be washed free (1).

The adult stonefly is well suited for studies involving mtDNA. 

Since the maternally provided eggs must supply mitochondria for the 

developing organism, it seems plausible that each egg would contain 

a large amount of mtDNA. In addition, the flight muscle associated 

with the stonefly’s paired wings contains numerous mitochondria 

(21,24,30). Since adult flies do not feed, contamination of stonefly 

tissue from ingested tissue in the digestive tract is avoided. 

Zimmerman et al. (31), in a study on mammalian tissue, suggested 

that the amount of mtDNA in cells increases in physiologically 

stressed (unfed) animals. If this is true for insects as well, then 

the non-feeding adult stonefly may be an even better specimen.

The objectives of this study were to 1) develop a procedure for 

isolating mtDNA from stoneflies and 2) to use the procedure to

• assess relatedness within and among stonefly populations. This

study took advantage of the special characteristics of the 

stoneflies. These flies are durable, easily collected, mitochondria-
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rich organisms that should be amenable to population genetic 

analysis.
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MATERIALS AND METHODS

Collection of Organisms

The collection of organisms was a simple process. The adult 

stoneflies were abundant on the rocks, tall grasses and bushes lining 

the streams from- which they had emerged. These areas were 

characteristically swiftly flowing stretches of water with loose 

unconsolidated bottoms with some aquatic vegetation. As the 

stonefiy nymphs emerged from the water and shed their exoskeletal 

husks in preparation for mating, they instinctively climbed toward 

the highest, warmest locations. Exposure to the sun helped their 

new exoskeletons harden and dried their wings for flight. Adult 

stoneflies were collected by hand, placed in plastic containers, and 

stored on ice for transport back to the laboratory. They were then

stored at 4°C.

Stoneflies were collected from four well separated streams so 

as to increase the likelihood of genetic variation among the samples. 

Samples were collected from Rock Creek at its confluence with the 

Clark Fork River, 10 miles upstream, and 26 miles upstream. 

Samples were collected from the Madison River 1 mile downstream 

from the Ruby Creek Campground and at the Eight Mile Campground. 

Samples were collected from the Yellowstone River in Yankee Jim
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Canyon. From the Big Hole River, a sample nymph was collected 6 

miles downstream of the Wise River confluence.

• Characteristics

Stonefiies were identified using taxonomic keys from Welter’s 

Freshwater Invertebrates (22) and Arnett’s American Insects (1) 

(Figure 3). Insects were randomly selected from sample stocks. 

Since female flies outnumber males 60:40, more of the larger 

females were used. The individual flies showed some variation

according to location and level of maturity. The Rock Creek flies 

weighed on average between 0.2 g to 0.5 g. The Madison River flies 

weighed on average between 0.4 g to 0.8 g. The Yellowstone River 

flies weighed on average 0.3 g to 0.4 g. The Big Hole River nymph 

weighed 0.1 g. The larger stonefiies had harder exoskeletons than

the smaller flies.

The stonefiies survived in storage at 4°C for 2 - 5 weeks.

Some of the females did, however, lay their eggs during this period. 

Flies sampled after an extended storage weighed less and contained 

less lipid as discovered after homogenization.

Homogenization

A number of modifications of the Tamura and Aotsuka (10)
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Division Neoptera

* this division includes all insects with wing base structures that permit the wings to be 
folded back over the abdomen when not in use.

(Subdivision Polyneoptera)

Order Plecoptera
* The name Plecoptera is based on the Greek word plecto, meaning “plaited,”

and refers to the way the adult folds it wings together over its abdomen.
* The common name of this order, the “stoneflies,” refers to the fact that many

live under rocks in their nymphal form.
* About 1550 species worldwide with 465 species in the U.S.
* Diagnosis:

-Body: leathery; shape elongated, flattened; brown or black, sometimes 
yellowish or greenish.

-Antennae: long, multisegmented, simple.
-Eyes: compound; either two or three ocelli.
-Wings: elongate, with many veins and cells; both pairs capable of being

folded back over the abdomen.
-Legs: stout and widely separated laterally.
-Eggs: vary in shape and shell texture with species.

(Superfamily Pteronarcyoidea)
Family Pteronarcyidae

* The Giant Stonefly family.
* Inhabit small, often mountainous streams.
* Diagnosis:

-Wings: anal area of front wing with two or more rows of cross 
veins.

-Abdomen: anterior sterna without branched gill remnants.

Genus Pteronarcys californica
* The largest North American stoneflies belong to this genus.
* Adults eat nothing. Nymphs feed on plants and detritus matter.
* Diagnosis:

-Prothorax: reddish midline above.
-Cerci: brown in middle, paler at ends.
-Wings, have rows of blackish cross veins.

Figure 3. Giant stonefly classification and characteristics (1,18).
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procedure were made to improve the yield of mtDNA and remove 

contaminants. Their procedure (Figure 4) was modified for use with

individual stoneflies. Samples and solutions were maintained at 4°C

or on ice throughout the procedure. Solutions were made using

double distilled water from a Glas-Col still. Glassware was washed

and rinsed twice in distilled water from a metal Barnstead still. pH 

was determined using a pH meter (Fisher Accumet model 230 A 

pH/ion meter).

Individual stoneflies were killed by decapitation and the legs 

and wings were removed. The remaining trunk was rinsed by 

immersion in water and minced, with a razor by hand, on Parafilm. 

The sample was then weighed on a Mettler AC 100 balance.

The minced sample was homogenized in 10 ml Bellco fritted 

glass homogenizer with 20 ml of cold Homogenization Buffer [0.25 M 

sucrose (Sigma, S-9376), 30 mM Tris-HCI (Sigma, T-1503), pH 7.5, 

and 10 mM EDTA (Amachem, E595)] per 1 g of sample. The sample 

was homogenized on ice with five up-down pestle strokes. The 

resulting homogenate was pipetted into 1.5 ml microtubes and

centrifuged at 1688 x g for 2 min at 4°C in a Brinkmann

microcentrifuge. The supernatant was collected and stored at 4°C.

Pelleted material was resuspended, homogenized, and centrifuged as
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Homogenization

* Homogenization of Insect
• - addition of Homogenization Buffer and mechanical digestion

* Centrifuge
- separates cellular debris and whole nuclei
- repeated homogenization and centrifugation as necessary to purify

* Pellet Mitochondrial DNA
- collect supernatant and centrifuge to pellet mtDNA

Isolation
* Resuspend pellet
* Treat with SDS

- serves to solubilize mitochondrial membranes and denature nuclear DNA
* Treat with KAc

- serves to renature the nuclear DNA into an insoluble network with large RNA
* Centrifuge

- precipitates contaminant debris network
* Treat with Phenol: Chloroform

- collect aqueous phase (avoiding white, surface material)
- repeat as necessary

* Treat with Absolute Ethanol
- serves to precipitate mtDNA
- wash with 70% Ethanol

-serves to precipitate mtDNA and remove any excess phenol: 
chloroform

- centrifuge
* May store mtDNA in TE at this stage
* Treat with RNase

- serves to remove contaminating RNA
- repeat SDS-->KAc->Phenol Chloroform extraction to remove contamination

* Restrict with mtDNA and lambda phage DNA standard with Eco Rl 

Electrophoresis
* Load samples into Agarose gel

Figure 4. isolation procedure.
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before.

The supernatants from the two centrifugations were pooled 

and homogenized in a 1 ml Bellco Teflon Homogenizer with five

• pestle strokes on ice. The homogenate was centrifuged at 1688 x g

for 2 min at 4°C to pellet nuclei and cellular debris. The

supernatant was collected taking care not to disturb pelleted 

material or draw in any of the superficial reddish-orange lipid layer. 

Errors in pipetting were made on the side of collecting lipid or 

cellular contaminants rather than losing the crucial mtDNA in 

solution. Any contaminants were recentrifuged out and eliminated

from the solution.

Isolation

The supernatant was collected in a microtube and centrifuged

at 12,000 x g for 10 min at 4°C. This served to pellet the

mitochondria. The appearance of the pellet varied with the level of 

additional cellular debris of each sample. In general, the pellet 

would have an off-white middle surrounded, in varying degrees, by

• brown to black particles which collected on the bottom and side of 

the microtube. Pellets were 25 - 30 pi.

After discarding the supernatant, the pellet is resuspended in
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4 p.1 of Saline Tris EDTA [STE, 10 mM Tris-HCI (Sigma, T-1503), pH 

8.0, 0.15 M NaCI (Baker, 838359), and 10 mM EDTA (Amachem, E595)]. 

Two volumes of 1% sodium dodecyl sulfate [SDS, lauryl sulfate

• (Sigma, P-3542) and 0.2 M NaOH (Mallinckrodt, 7708 WEBR)] were

added to the solution and the solution was vortexed (VWR Vortexer 

2, setting 5) for 5 sec. Vortexing ensured complete mixing of 

solutions. The solution was then placed on ice for 5 min. The SDS 

functions to breakdown the mitochondrial membrane and selectively 

denature nuclear DNA while leaving the circular mtDNA intact. One 

half volume of potassium acetate [KAc, 3 M potassium acetate 

(Sigma, P-3542) and 5 M glacial acetic acid (Baker, 9507-1)], was 

added; the solution was then vortexed and stored on ice for 5 min. 

The KAc serves to renature the nuclear DNA which aggregates into an 

insoluble network and precipitates along with the SDS and large 

RNA. The solution was then centrifuged at 12,000 x g for 5 min at

4 °C.

To the supernatant an equal volume of phenol : chloroform [1 

phenol : 1 chloroform : 24 isoamyl alcohol (Sigma, P-3803)] was 

added, and the solution vortexed. The phenol : chloroform serves to 

remove protein contaminants. The solution was centrifuged at 

12,000 x g for 2 min at 4°C. Care needed to be taken in the pipetting
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of phenol : chloroform because it is caustic to the skin. The upper, 

aqueous phase was collected and extracted with a second volume of 

phenol : chloroform. Careful collection of the aqueous phase 

following this extraction was done to prevent contaminating future 

steps with phenol : chloroform.

The mtDNA of the aqueous phase was then pulled out of 

solution and pelleted. Two volumes of absolute ethanol was added,

vortexed, and held for 15 min at room temperature (24°C). The

sample was then centrifuged at 12,000 x g for 5 min at 4°C. The

alcohol was discarded, taking care not to disturb the pelleted 

mtDNA. The pellet was washed with 1 ml of 70% ethanol by

inversion and centrifuged at 12,000 x g for 5 min at 4°C. The

ethanol was discarded, and the mtDNA pellet was again washed with 

fresh 70% ethanol, centrifuged, and the ethanol discarded. The 

pellet was then dried in vacuo (at -760 mm Hg, General Electric 

GAST pump) for 30 min. The ethanol wash served not only to pellet 

the mitochondria but helped to remove any phenol : chloroform from 

the sample. The appearance of the pellet after the ethanol washing 

was that of a white to cream colored oval along the side of the 

microtube. Pellets ranged between 2 mm at their longest to almost 

invisible. After vacuum drying, pellets were generally smaller in
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size, often to the point of being indistinguishable from the side of

the microtube.

The pellet was resuspended in 45 pi of TE [10 mM Tris-HCI 

(Sigma, T-1503), pH 7.5 and 1 mM EDTA (Amachem, E595)] filtered 

through a Gelman Sciences Acrodisk disposable filter [0.45 pm, 

(#4184)]. Care was taken to flush the outermost side of the 

microtube (with respect to the microtube’s placement in the 

centrifuge) with TE to make sure all of the mtDNA was resuspended. 

The TE was filtered to prevent bacterial contamination which might 

degrade the mtDNA. Contamination was an important consideration 

because the mtDNA could be stored at this step, providing a break in 

the procedure. The solution was stored in a freezer (-20°C).

In continuing the procedure, 5 pi of RNase [diluted 1:10, 

(Boehringer Mannheim Inc., 1119 915)], was added. The sample was 

vortexed and incubated suspended in a 37°C water bath for 30 min.

Four volumes of SDS were then added; the tube was vortexed and 

iced for 5 min. Next, half of a volume of KAc was added, the tube 

was again vortexed and incubated on ice for 5 min. The tube was

then centrifuged at 12,000 x g for 5 min at 4°C. The supernatant

was collected and extracted with an equal volume of phenol : 

chloroform. The sample was vortexed and centrifuged at 12,000 x g
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for 2 min at 4°C, and the aqueous phase was collected. The aqueous

phase was washed with two volumes of absolute ethanol, vortexed, 

held at room temperature for 15 min, and centrifuged at 12,000 x g 

for 5 min at 4°C. The absolute ethanol wash was repeated; the

ethanol was removed and the sample treated once with 1 ml of 70% 

ethanol. The pelleted mtDNA was washed by inversion, centrifuged 

at 12,000 x g for 5 min at 4°C, the 70% ethanol discarded, and the

pellet dried in vacuo for 30 min.

At this point, the pellet was faintly visible in the microtube.

Restriction endonuclease digestion of the mtDNA was performed 

using Eco Rl [Eco Rl (Boehringer Mannheim Inc., 703 737)]. The Eco Rl 

recognizes the sequence GAATTC and cuts the DNA between the G and 

the A. EcoRI functions best at 37°C at a pH near 7 in the presence of 

Boehringer Mannhein Incubation Buffer H (50 mM Tris-HCI, 100 mM 

NaCI, 10 mM MgC^, and 1 mM dithioerythritol, pH 7.5, 37°C).

The mtDNA pellet was resuspended in 16 pi of double distilled 

water. To this was added 2 pi of H buffer and 2 pi of Eco Rl (diluted

• 1:10 as per manufacturer’s instructions). This solution was

vortexed and incubated in a 37°C water bath for 60 min.

An Eco Rl digestion of lambda phage DNA [1:10 dilute, non-
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methylated (Sigma, D-0144) or (Boehringer Mannheim Inc., 208 396)] 

was digested concurrently with the stonefly sample. Two pi of H 

buffer and 2 pi of Eco Rl were added to 16 pi of the diluted lambda

• phage DNA. The cut DNA served as a standard by which comparisons 

of the mtDNA could be made. Lambda phage DNA was completely 

digested at five sites during the 37°C, 60 min incubation.

Electrophoresis

The sample was electrophoresed in order to separate the 

different lengths of the Eco Rl-cut fragments. Fragments of mtDNA 

were separated based on size with the larger fragments traveling 

more slowly. The negatively charged DNA moved through the gel in 

response to an electric voltage. The matrix was provided in the 

form of a 1% agarose gel [agarose (Sigma, A-9539) and TAE buffer].

The gels were made immediately before use to prevent 

dehydration. Eighteen ml of TAE buffer was brought to a boil at 

which time 18 g of agarose was added. After the agarose dissolved 

into solution, the mixture was allowed to cool slightly. The still

* molten agarose gel solution was poured into a glass-bottomed 

casting tray measuring 5 cm x 7.5 cm whose ends had been sealed 

with masking tape. The casting tray and glass slides were cleaned 

by washing them in a 50% nitric acid solution [nitric acid (Baker,
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39601)], rinsed in running tap water, and doubly rinsed in distilled 

water. After the gel had solidified, the casting tray was submerged, 

with the gel directly on top of the glass plate, in the electrophoresis

• buffer of the horizontal electrophoresis apparatus (Modern Biology,

Inc.). The gels were at a depth of >1 cm below the surface of the 

electrophoresis buffer. The eight well gel comb, which was placed 

in the molten gel to create wells in which the sample was loaded,

was then removed.

In order to electrophorese the sample, it was first “weighted 

down” to ensure it stayed in the wells of the gel until it entered the 

gel matrix. This was done by mixing the sample with 2 pi of loading 

buffer (bromophenol blue and ficoll), creating a 1:10 dilution. The 

same dilutions were made for the restricted lambda phage DNA. 

Fifteen pi of the loading buffer/mtDNA and loading buffer/lambda 

DNA solutions were placed into the agarose gels submerged in 

electrophoresis buffer. Care was taken in loading the wells to make 

sure neighboring wells were not contaminated with any overflow. 

An empty lane was run between lambda DNA lanes and sample mtDNA 

lanes to ensure no contamination during electrophoresis. The 

loading buffer served a second purpose by indicating the “dye front” 

where the smallest DNA particles were found in the gel.

As a control to eliminate variations in the staining procedure,
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additional lanes of more dilute restricted lambda phage DNA were 

also electrophoresed. A 1:10 dilution of the cut lambda DNA was 

made and then treated like the original cut lambda DNA standard, i.e.,

• the loading buffer was added and 15 pi were placed in a well. By 

having two known concentrations of DNA in the gel, it was possible 

to rule out poorly stained trials from trials in which other errors

were made.

The wells of the agarose gel were arranged near the cathode 

end of the apparatus. When a charge was applied across the gel, the 

mtDNA and lambda DNA moved into the gel. The lower setting on the 

power supply of 86 volts was used to maximize resolution. It 

generally took between 90 - 120 min for the bromophenol blue dye 

front to reach the end of the casting tray. At this point, 

electrophoresis was stopped to prevent loss of small fragments 

running close to the dye front and the gel removed from the 

apparatus.

Silver Staining

The bands of mtDNA were visualized in the gel by using a

• silver stain (Silver Stain Plus, Bio Rad).

The gel was dried on the glass slide in a fume hood. To get the 

gels sufficiently dry for the silver staining took 24 - 48 hr. At this
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stage gels could be held in an airtight container for later staining. 

Drying the gels before storage prevented the mtDNA bands from 

diffusing and was a necessary step for the silver staining.

• The amount of silver stain solution used varied with the size 

of gel used as per the manufacturer’s instructions. The staining was 

carried out in plastic trays which had been washed in 50% nitric 

acid, rinsed in running tap water, and doubly rinsed in distilled

water.

The first step in the staining procedure was to fix the dried 

gel. The gel was placed in the fixative solution (100 ml methanol, 

20 ml acetic acid, 70 ml double distilled water, and 10 ml Fixative 

Enhancer Concentrate) for 30 min with gentle agitation. The 

fixative was then decanted and the gel rinsed twice in 100 ml of 

double distilled water for 10 min each rinsing. The water was 

decanted and the gel placed in the staining solution (35 ml double 

distilled water, 5 ml Silver Complex Solution, 5 ml Reduction 

Moderator, 5 ml Image Developer, and 5 ml Development Accelerator 

Reagent). The solutions were added in the order listed and the 

Development Accelerator Reagent was added slowly to a room

• temperature solution being actively mixed. If the addition of the 

Development Accelerator Reagent was too quick or added to a colder 

solution, a white precipitate formed in the solution. The staining
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solution was added to the gel and agitated gently for up to 20 min.

After 12 - 15 min the mtDNA bands would become visible. The 

staining solution could be removed at this point and a stop solution

• (5% acetic acid) added to prevent staining of background gel. The

stop solution was applied for 10 min.

The stained gels were stored in distilled water at 4°C and

viewed using a light box.
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RESULTS

Experiments designed to provide information about one or more

• aspects of the procedure were carried out using phage and plasmid 

DNA as well as DNA from stoneflies. Four aspects were addressed: 

homogenization, isolation, electrophoresis, and staining. Results 

pertaining to these aspects are given below (Figure 5).

Homogenization

The variables in homogenization trials involved the amount of 

homogenization buffer and the speed and duration of centrifugations. 

The procedure was varied in these areas with the intent of providing

a final mtDNA solution less contaminated with cellular debris and of

shortening the time required for processing each sample.

The initial homogenization buffer to sample weight ratio 

reflected amounts used by Tamura and Aotsuka. This ratio was 5 ml 

of buffer per 1 g of sample. By increasing this ratio to 20 ml of 

buffer per 1 g, more of the original sample was treated and bands 

with better clarity were produced. Early trials using the Tamura and

* Aotsuka (27) procedure resulted in heavily smeared lanes. In a 

direct comparison between Gel I and Gel II, Gel II contained bands 

that were somewhat freer from smearing. Gel II flies received 7 ml
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Gel I: Stonefiies from 1 mile downstream from the Ruby Creek
Campground on the Madison River. This trial involved an 82 
x g centrifugation. The lanes are (top) mtDNA, 1:100 diluted 
lambda, 1:10 diluted lambda, lambda (bottom). (Photo.-ss 60, 
f.s. 11).

Gel II: Stonefiies from Yankee Jim Canyon on the Yellowstone 
River. This trial involved an increase in Homogenization 
buffer, RNase wash, and was not subjected to low speed 
centrifugation. The lanes are (top) 1:10 diluted lambda, 
blank, mtDNA, lambda (bottom). (Photo.-s.s. 250, f.s. 5-6).

Gel III: Stonefiies from the Eight Mile Campground on the Madison 
River. This trial involved a variation in normal gravity 
centrifugation, RNase wash, and a comparison between lanes 
of frozen and refrigerated samples. The lanes are (top) 1:10, 
frozen 1 min centrifuged mtDNA, 6 min centrifuged, 1 min 
centrifuged mtDNA, lambda (bottom). Three and 12 min trials 
not shown. (Photo.-s.s. 60, f.s. 11).
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Gel IV: Stoneflies from 10 miles up Rock Creek were used. This 
trial involved an initial 82 x g centrifugation. The lanes are 
(top) mtDNA, 1:10 diluted lambda, lambda (bottom). (Photo.* 
s.s. 60, f.s. 5-6).

Gel V: Stoneflies from Yankee Jim Canyon on the Yellowstone 
River. This trial involved an increase in Homogenization 
buffer, was not subjected to low speed centrifugation, and 
compared RNase wash and RNasewash plus a second SDS

• extraction. The lanes are (top) SDS treated mtDNA, mtDNA,
blank, 1:10 diluted lambda, lambda (bottom). (Photo.-s.s. 
250, f.s. 5-6).

Figure 5. Agarose gels produced to test variations in the 
procedure.
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of buffer for an average 0.3 g of sample.

The effect of varying the duration of nuclear spin time and

force of gravity was measured. The comparison of 12 min, 6 min, 4

min, and 1 min centrifugation at 1688 x g at 4°C in Gel III showed

best results for spins of shorter duration. In a comparison of gels in 

which samples were given 1) initial low gravity spins (82 x g) and 

then normal gravity spins, versus 2) only normal gravity spins, the 

latter seemed to produce better quality bands. This is evident in 

comparing Gel IV and Gel I to Gel III, Gel II, and Gel V.

Isolation

The assessment of the isolation aspect of the procedure was 

tested using mouse liver mtDNA, plasmids, lambda phage DNA, and 

stonefly samples. The motivation behind these trials was to ensure 

that the procedure was capable of yielding mtDNA of a quality 

adequate for mtDNA studies. Further, these trials were to test that 

the procedure was not causing any mechanical damage (i.e., through 

repeated vortexing or pipetting) or chemical damage (from harsh 

solutions) to the mtDNA.

In testing for the presence of mtDNA the mouse liver trial’s 

results proved to be unclear. However, the plasmid DNA, lambda 

phage DNA, and numerous stonefly sample trials exhibited the
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expected bands (Table 1).

In testing the effectiveness of solutions, plasmid puC18 and 

lambda phage DNA were exposed in various combinations to the 

solutions used in the procedure. Plasmid and lambda DNA were used 

because their genetic material is circular and contains known 

restriction sites. DNA bands of acceptable quality were obtained in 

all cases. Therefore, none of the solutions caused degradation or 

otherwise affected the DNA.

1. Effectiveness 
protocol.

of solutions and modifications in

Solution Trial

Sample Treatmentfsl Result*

lambda water (control) +
lambda homogenization buffer +
lambda STE +
lambda STE / ethanol / STE +
lambda STE/phenol.../ethanol/STE +
puC18 homogenization buffer/water +
puC18 SDS / KAc / ethanol / STE +
puC18 KAc/ethanol/STE +

A “+” indicates that a clear band was obtained 
after electrophoresis.

The results from stonefiy samples further suggested that the 

isolation procedure is effective. Initially, bands obtained from
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stonefiies were visible, but were not sharp or clearcut. This was 

due to background debris which was eliminated by using RNase. By 

comparing gels in terms of RNase treatments, freezing versus

• refrigerating, and repeated SDS exposure, a noticeable difference 

was obtained. The use of RNase in Gel III, Gel II, and Gel V trials is 

probably responsible for the reduction in smearing. Gel III contained 

samples which were frozen or refrigerated. The samples which 

were frozen exhibited less smearing. The RNase treatment of 

samples coupled with SDS extraction greatly decreased smearing. 

Gel V clearly shows this.

Electrophoresis

Initial results using stonefiies from Rock Creek in 1.2% 

agarose gels exhibited poor gel quality. There was also a large 

amount of stained material near the well, perhaps hindering band 

appearance. By using a 1% agarose gel in subsequent trials, 

materials did not accumulate near the wells to as great a degree.

Staining

* The motivation behind varying the staining technique was to 

improve the sensitivity of the stain and remove background color. 

To accomplish this, trials were made comparing the use of GelBond
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(a hydrophillic sheet which maintains gel proportions during drying) 

to glass slide drying and varying the sequence of steps in silver 

staining (Table 2).

Table 2. Variations in the silver staining technique.
Tests were to determine the clarity of 
electrophoresed material. Lambda phage DNA was used 
in order to eliminate other aspects of the procedure 
interfering with the staining.

Sample

Staining Trial 

Treatment Results

restricted lambda 
restricted lambda 
restricted lambda 
restricted lambda

slide dry/fix/stain/stop
fix + Triton/slide dry/stain/stop 
fix + Triton/Saran dry/stain/stop 
fix + Triton/Gelbond dry/stain/stop

restricted lambda 
restricted lambda

Saran dry/fix + Triton/stain/stop 
Gelbond dry/fix + Triton/stain/stop

four clear bands 
clear gel; no bands 
misformed gel
clear gel; no bands 
some shrinking 
misformed gel 
clear gel; no bands

Early trials in which GelBond was used produced dried gels for 

staining with their dimensions well preserved. However, due to the 

high cost of GelBond, other methods for drying gels were tried. In 

comparison to gels dried on glass slides and Saran wrap, those dried 

on glass slides produced gels in which the dimensions were well
$

preserved.

In varying the steps of the silver stain, it was discovered that 

first drying the gel and then fixing it worked best. Other trials
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made use of fixing the mtDNA in the gels before drying or the use of 

detergent Triton X-100 to remove background contamination.
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DISCUSSION AND CONCLUSION

Although problems remain with the procedure, the presence of 

a single, prominent band in silver stained gels suggests mtDNA was 

isolated. The progression from initially unsuccessful attempts to 

producing what appears to be a mtDNA band required manipulating a 

number of variables. The first attempts to purify mtDNA produced 

badly smeared lanes with a great deal of background material in the 

gels. Trials using plasmids and lambda phage DNA, as well as 

examining the procedures of other isolation and purification 

techniques, indicate that it is doubtful the chemicals used had any 

negative effects.

Attention was then turned to the quality of gels 

electrophoresed and the staining procedure. A review of other 

experiments in the literature supported the use of 1% agarose gels. 

Changes designed to enhance the quality of staining yielded little 

benefit. The addition of the detergent Triton X-100, while effective 

at removing background debris, did not yield consistent results. In 

some cases no staining occurred. The benefits of using GelBond 

were limited and not sufficient to justify its cost. The Bio Rad 

Silver Stain Plus distinctly stained 2 pi of restricted lambda phage 

DNA diluted from stock and clearly detected the heavy band of a 1:10
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dilution of this. This is within the 5 - 30 ng sensitivity range.

These results led to the conclusion that the smears in the

mtDNA lanes must be due to contamination of nuclear DNA or RNA.

• Longer nuclear centrifugation and more aggressive homogenization 

served only to reduce the amount of mtDNA entering the isolation 

and purification stage. By shortening the duration of the nuclear 

centrifugation more mtDNA was collected. The additional debris 

could be extracted with a RNase digestion and a second SDS

treatment.

These modifications have produced a procedure for isolating 

mtDNA from stoneflies. The procedure yields a single, prominent 

band, suggesting it has one Eco Rl restriction site. This band has 

been sized at greater than 20 kilobases. This sizing is questionable, 

however, because the lambda phage standard used in sizing the 

mtDNA may have electrophoresed poorly. Furthermore, the final 

preparation may contain additional nucleic acid molecules, exhibited 

as background debris. The purity of the final mtDNA preparation has 

not yet been determined.

Although the difficulties in obtaining a successful procedure

* prevented a comparison of the different populations of stoneflies, 

this is an area for future study. Creating a DNA probe to use as a 

means of identifying mtDNA and verifying its isolation may help
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future studies. Perhaps the most important aspect of this study is 

the possibility of applying the procedure to a variety of insects, 

enabling a better understanding of their evolution.
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