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ABSTRACT

One of the oldest and most influential disputes affecting
scientists and the public is the classification and associations of
Bison. Molecular genetic techniques were employed to evaluate the
genetic relationship within and between wood bison (Bison bison

athabascae) and plains bison (Bison bison bison) of Elk Island

National Park. Genomic DNA samples were screened for restriction
fragment length polymorphisms (RFLPs) with c¢cDNA probes fer growth
hormone (GH), growth hormone releasing facter (GHRF), somatostatin
(S), and insulin-like growth factor-I (IGF-I). Of the 28 fragments
identified, two revealed RFLPs, both of which were associated with the
GHRF locus. The observed frequencies of polymorphic sites did not
differ from a Hardy-Weinberg distribution in either population,
jindicative of random mating populations. Estimates of genetic
identity between the populacions corresponds closely to the identity
found in geographically isolated populations. Analysis of
F-statistics, together with the contingency Chi-square aralysis for
homogeneity, indicated differentiation (P=0.00) between the wood and
plains bison. This genetic differentiation is higher than the
differentiaticn reported for other geographically isclated
populations; thus, this analvsis suggests the bison populations have
a: least reached geographic isolation in their evolutionary

divergence.

The discovery of a 36,000 year old steppe bison (Bison priscus)



has created the potential for applying molecular genetics to resolve
the evolutionary history of the bison. Modified DNA extraction
techniques were employed to isolate high molecular weight DNA from the
prehistoric bison. Hybridization of a bison satellite probe to the
prehistoric DN4 reveals that a bison-related DNA exists. This
identification allows for further comparison of the genetic

constitution of this prehistoric bison and modern bison.

vi
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I. GENERAL INTRODUCTION

The sun bears down hot upon the rolling plains and, except for

the occasional chirp of a grasshopper and rthe sing song of a

[N

meadowlark, all s still, when suddenly over the horizon several
hundred, maybe thousand, great hump-backed creatures rthunder. In hot
pursuit are 50 Plains Indians on horseback, whooping their
cxcitement, arrows drawn on bow, ready for the kill.

To most, the mname ‘buffalo’ creates such a picture; thev stir
thoughts of the Wild West and cecnvey imager of Canada’s past.
Buffalo have been a part of Canada long before white man came to this
vast country and, although relativelv few of these animals remain
today, they can still be observed and enjoyed wit'..n Canada's
National Parks. Buffalo, more properly termed as bison (Bison), have
become an important Canadian heritage and carry with them a legacy

that will not scon be forgotten. Since prehistoric time, the bison

has persisted through drastic environmenftal changes and intense human

S e o vIrartE T Ar Tt T s - horh rersant and
I 2 agal: ated erant anc

created several perplexities, resulting in disputes within the

scientific realm as well as affecting political decisions.

Fossil remains of bison have been traced as far back as 2.5
million years to the Pliocene (pre-glacial) epoch, where early

ancestors were first known to occur in southern and eastern Asia



(McHugh, 1872; McDonald,1981). These primitive animals, although

smaller and mere slender than present day forms, displayed all the

characteristics of the genus Eison. Over the next million vears,

during an interval known as the Pleistocene cor the Ice Age, bison

dispersed over much of the northern hemisphere appearing from Europe
east through northern Asia into Beringia (McDonald,1981). During the
Ice Age, fluctuations in climate created drastic modifications to
terrestrial habitat; changes in viegetation type resulted in increased
body size in many genera, especially among ungulates (Geist, 1983).
It was during this period that bison made their major penetration of
North America from Siberia. According to the fossil record of
sub-Beringia North America, they first appeared in deposits of
Iilinoian Age (approximately 300,000 years ago) (McDonald, 1981). As
immense glaciers thickened and pushed across the northern hemisphere,
so much of the earth's water became secured within these ice masses
that sea ievel dropped drastically and ciposed a land bridge between
Siberia and America. It was this 1land bridge, the Bering Land
Bridge, that made possible the migration of the larger-horned steppe
bison (Bison priscus) into Alaska.

Over the next 300,0L: years, environmental changes in Nortlh
America resulted in the evolution of other distinctly recognizable

varieties of bison. Continued development within these earl;

ancestors eventually gave rise toc modern day bison, the wood bisor

(Bison bison athabascae) and the plains bison (Bison bison bison).

The Spanish explorer, Hernando Cortez, was the first white man t«



considered by Cortez the

Cortez witnessed the bison in 1521

Montezuma near Mexico City (Dary,

fierceness and

Weighing half a ton

rivals, the moose and the big brown (Kodiak)

size and unique body conformation contribute to his

forequarters of the body is
is small and weak

The massive head is carried
extends to a very high wither
a small croup. The immense
long hair, which covers the

cape extends up to the

have seen bison in the New World.

in a menagerie retained by the

1974) . This Mexican bull, was

"Rarity” 1in the animal collectior.,, exhibiting a
agility no 1less than that of a fighting bull.
more than his nearest

bear, the bison is the largest land mammal in the New World (McHugh,
1972). Immense

powerful and majestic stature. The

colossal and broad; the hind part, in proportion,
bestowing a strong yet agile appearance.

low, the short, solid neck sudderly

which then gradually slcpes down to

forepart 1s fuvther accentuated with

head, neck, shoulders and thighs. This
shhculder blade and

hair 1s short and smooth.
Simultaneous to

development

(Bison bonasus).

bison in skeleton

and general
with longer legs, a longer
hump {Geist and Karsten, 1977).

definitely be

between

of a close relative in the 0l1d World,

appearance,

While

is strictly defined from the hind part where the

the evolution of bison in North America, was the

the European wisent

Alrthough the wisent closely resembles the American

it is more streamlined,

and lighter body and a less pronounced

both bison forms can

traced to a common ancestry, the degree of relatedness

the two species (the Furopean and the North American) remains



questionable. A reservoir of an ancient bison may have produced
migrants that dispersed into Europe and across the land bridge into
America, resulting in parallel lines of evolution (McHugh, 1972). On
the other hand, the European wisent itself may have crossed the land
bridge during 1its 1last connection (approximately 10,000 years ago)
and given rise to the North American species.

In addition to the problem dealing with the evolutionary
relationship, remains the dispute as to which of the three bison
types (the wisent, wood bison or plains bison) is the most evolved.
It 1is generally believed that bison at the start of the Ice Age were
large and over time they developed smaller horns and bones.
Paleontologists, in tue past, have traced sarly bison through the Ice

Age basing thei

[

findings on the shape and size of the horns.
However, the conclusions drawn from this type of analysis have been
rendered unreliable, since wvariation 1in horn size exists within
species as well as between species. TFurthermore, horns will increase
in size with age and can change according to diet, physical accidents
and general health (McHugh, 1972).

Relying primarily on morphologies and time depths, the majority
of evolutionary pathways proposed for the bison place the North
American species as the most evolved. However, at present two types
of bison reside within North America further complicating the issue.
Since the wood and plains bison appear simultaneously in the fossil
record, it 1is difficult to determine which subspecies 1is most

recent. Moreover, the similarity between the subspecies has created



uncertainty towards their distinction.

Historically, the range of the wood bison (Bison bison

athabascae) extended from Great Slave Lake, south through ths Rocky
Mountains to Mexico and west to the Pacific states. East of che

Rockies, stretched the range of the plains bison (Bison bison bisan),

across the continent to the Atlantic Ocean. The homeland of the
plains bison was the Great Plains, extending from the tip of Texas up
to southern Alberta, Saskatchewan, and Manitoba (McHugh, 1972).
Size, as well as color and texture of the coat, are useful parameters
in distinguishing the two subspecies. The average male wood bison
stands 182 cm at the shoulder and weighs up to 1300 kg; whereas the
average male plains bison is 165 cm at the shoulder and weighs up to
10060  kg. The plains bison possesses more hair in the foreguarters
owing to a larger head, more pronounced cape and distinct skirt on
the forelegs. In color, the wood bison is darker, and his hair is
more dense and silky.

Although the wood and plains bison differ in physical parameters
and occupy variant habitats, their classificatien as separate
subspecies has remained a dispute for nearly 200 vyearsz. Sir W.lliam
Butler in 1810 commented:

It 1is still a matter of dispute whether the wood buffalo is
the same species as his namesake of the southern plains; He
is larger, darker and wilder, he seeks in preference the
thickest woods. Whether he be of the plain race or not, one
thing is certain - his habits vary much from his southern

cousin (Roe, 1970).

To account for rhe wvariation in habit and appearance, it has been



suggested that these differences may be attributed to environmental

influences. Warburton Pike (1889) wrote:

..most people are of the opinion that they (the wood
buffalo) are a distinct race from the old prairie buffalo
so numerous in bygone days; but I am inclined to think that
the very slight difference 1in appearance 1is easily
accounted for by climatic influences, variety of food and
the better shelter of the woods (Roe, 1970).

Whether the

differences are a result of environment or genetics, one

hundred years ago the wood and plains bison may indeed have been two

very separate and distinguishable subspecies. However, recent

history involving the extermination of the 'teemiug myriads’ of bison

and the mismanagement of the survivors, has created further
skepticism.

In 1871, bison  wandered across the land in astonishing
multitudes. Of all the total bison estimates, the most accurate was

probably that calculation of Ernest Thompson Setor (Dary, 1974).
Before white man’s arrival, Seton figured there were 75 million bison
in North America, including those that inhabited the prairies, plains
and forested areas. In the closing years of the 1800’s, when white
man came west, the millions of bison began to disappear from the

grassland. J. Frank Dobie observed:

Nearly all men were ‘wrathy to kill' buffaloes above all
else. Mountain men, emigrants crossing the plains, Santa
Fe traders, railroad builders, Indian fighters, settlers on
the edge of the plains, European sportsmen all
slaughtered... (Dary, 1974).

The bison were not only eliminated for sport, but also to overthrow



the Indian since he blocked the way West for the white man. The
bison herds roaming the western prairies made the tribes self
sufficient and, as long as there were bison, the Indians maintained
their strength, courage and freedom. Without the bison, the Plains
Indians were conquered and land taken by ranchers and settlers alike
(Dary, 1974).

Even without the Indians, these herds of bison were an
‘insufferable nuisance’. They ate the grass that was wanted for
rancher’'s cattle and trampled the land the settlers wanted to till
for crops (Dary, 1974).

By 1880, the plains bison was virtually exterminated in Canada.
This eradication prompted the Canadian government to conserve the
last bison, and in 1893 the Federal Game Legislation was established
specifically to pretect the bison.

Concurrent with the slaughter, a handful of concerned men hung up
their ~ifles to preserve the bison. One of the men responsible for
saving the plains bison was a Pend d'Oreille Indian named Walking
Coyote. In 1872, Walking Coyote had initially collected four calves
(two males, two females) to use as a peace offering. As it turned
out, he kept the calves and by 1884 his small herd had grown to
thirteen bison. The bison became difficult to control and
reluctantly Walking Coyote put them up for sale. Two ranchers,
Charles A. Allard and Michel Pablo, bought ten of the animals from
Walking Coyote and over the next ten years the herd prospered. At

this time, new blood was introduced into the herd, when an additional



26 bison were bought from C.J. "Buffalo" Jones. In 1895, upon the

death of Allard, the bison (approximately 300) were equally divided

between Allard’s estate and Pablo. Allard’'s half of the herd was

sold to wvarious ranchers in the United States and fifteen went to

Yellowstone National Park. In 1906, the Flathead reservation (in

Montana) wused by Pablo’s bison was opened to homesteaders, forcing

him to sell his herd. Pablo first offered his bison to the United

States government and when congress refused him, Pablo approached the

Canadian government. In 1906, the Canadian government became owners

of over 700 plains bison.

It took over six years to transport 716 bison by railroad from

Montana to Alberta. The first two bison shipments were released into
Elk Tsland National Park (EINP) as the original refuge for the bison,

Wainwright Park, was still under construction. Once Wainwright Park

was. completed, the bison originally sent to EINP were rounded up and

transported to Wainwright. Despite efforts to move them all,
approximately 85 hid themselves in the rougher parts of the country

and could not be removed. These bison have become the nucleus of the

herd that exists in EINP today.

At the same time, the wood bison were following a similar fate as
the plains bison; in 1893, less than 300 wood bison could be located
in Canada. Since these were the last wood tison left in the world,
they were placed under the protection of the Royal Canadian Mounted
Police so they could prosper and multiply without human

interference. By 1922, the wood bison’s protected range, wihich now



supported 1500 animals, became Wood Buffalo National Park (WBNP) .

Within Wainwright Park, the plains bison did extremely well and
by 1925 an astounding 10,000 bison were wandering about the
over-grazed prairies (Ogilivie, 1979). Since this number of animals
exceeded the cariving capacity of the park, a decision had to be made
with regards to the management of the plains bison. Proposals to
reduce the numbers through wholeszle slaughter met with public
outcry. Th~ only «lternative was to ship the bison to another park.
In the worth 1lay wBMNP, all 10,000 square miles of it inhabited by a
mere 1500 wood bison,. Although naturalists and zoologists argued
that the incoming plains bison would crossbreed with the wood bison,
it was assumed by government decision makers that the ranges between
the wood and plains bison would be separated by s tract of rough and
impassable country. In 1925, the Department of the Interior
warranted the release of 6,673 plains bison into WBNP.

As had been predicted by scientists, the wood and plains bison
began interbreeding and before long the once full-blood herd of wood
bison became an "interbred mass of hybrids" (Ogilivie, 1979).
Despite continued crossbreeding between the two bison types,
biologists suspected that a remnant of pure wood bison may have
remained untouched within the park. At last, during an aerial survey
in 1957, N.S. Novakowski of the Canadian Wildlife Service discovered
such an isolated population of bison in the northwest corner of the
park. These bison, approximately 200, were separated from the

hybrids by a strip of inhospitable timber and bog (McHugh, 1972). 1In
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order to verify the su “ic  identity, five specimen were

collected and examined at the National Museum of Canada where they
were 1identified as true wood bison. Between 1963 and 1965, eighteen
of the recovered bison were transferred to the Mackenzie Bison

Sanctuary (MBS) in the Northwest Territories and twenty-twoe to the
southern part of EINP, where . iey are managed separately from the

plains bison.

The introduction of plains bison into WBNP has created new
concerns toward the subspecific classification of the North American
bison. The measurements performed on the five specimen collected

typify wood bison; however, these recovered bison may have had a low

amount of plains contamination and exhibit characteristics resembling

wood Dbison. The purity of the existing wood populations in the MBS
and EINP remains unknown. If the present wood bison have been
contaminated with plains bison, then it must be questioned whether

they are 'meritorious’ of a separate subspecies classification.

Since physical parameters can vary according to diet, health and
environmental influences, the most assured method to proclaim the
bison as distinct 1is to identify variation at the molecular level.
In an attempt to distinguish wood and piains bison, several genetic
and biochemical studies 1involving blood typing (Zamora, 1983; Peden
and Kraay, 1979), karyotyping (Ying and Peden, 1977), as well as
analysis of red cell carbonic anhydrase {(Peden and Kraay, 1979), and
mitochondrial DNA analysis (Cronin, 1986) have been performed.

Investigation into these <various parameters revealed no significant
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variation between the wood and plains bison. Since the properties
used to delimit a species or subspecies can vary with taxonomists,
the most 1logical and direct approach is to analyze the information
that constitutes an individual organism, that 1is 1its genetic
make-up. Ralston III (1985) defines a species as "a coherent ongoing
form of life expressed in organisms, encoded in gene flow, and shaped
by the environment". The genetic code of an organism is less likely
to vary with external pressures than any of the other paramaters
selected for taxonomic differentiation, and is therefore the
preferred choice for investigation.

A novel genetic approach becoming popular for determining
relaticnships within and between wildlife populations, 1is the
analysis of genomic DNA by restriction fragment length polymorphisms
(RFLPs). RFLFs are genetic markers which identify wvariation
(polymorphism) within specific DNA fragments. By the action of
restriction endonucleases, nuclear DNA is cleaved into fragments, and
polymorphisms which alter the length of the DNA fragments result in
RFLPs. Theoretically, individuals which comprise a
species/subspecies will possess unique fragments that are not present
within other groups of organisms. Analysis for RFLPs within wood and
plains bison could provide valuable information with respect to the
structure of bison populations, as well as to the relationship
between the two bison forms.

In theory, functional characteristics in relation to gene flow

can be used to define population boundaries, which are beneficial for
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pooling populations into meaningful categories (Smith et al., 1975).

Subjecting individuals from various localities to RFLP analysis would

give an indication of migration rate (Slatkin, 1989), and of the

genetic differences within and between populations (Nei, 1972). A

unique DNA fragment pattern specific for one group of individuals

would assist in the differentiation of closely related species.

Also, significaut differences in allele frequencies across geographic

areas, can be used to define functional populations which may or may

not Jdiffer in other characteristics (Smith et al., 1975). The

identification of polymorphic DNA fragments within and between groups

of humans (Lubahn et al., 1987; Kohenen-Corish et al., 1986), mice

(Figueroa et al., 1988; Wakeland et al., 1986) and deer species (Lima

de Faria et al., 1986) has been successfully performed by way of RFLP
analysis, and has allowed scientists to determine inter- and
intra-population relatedness. Establishing the association between

such populations or groups yields important evolutionary implications
which could assist in the development of phylogenetic patterns.

With the advent of RFLP analysis for identifying pgenetic
differences between individuals and populations, wildlife managers
now have a powerful tool to aid in law enforcement efforts in
protecting endangered species, and to assist in the selection of
animals for restocking purposes. The illegal harvest of endangered
or threatened species by poachers poses a primary concern because of
inadequate wildlife identification techniques. With the positive

jdentification of a poached <cpecies, law enforcement officers have
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evidence to subject violators to their rightful punishment. As well,
the 1lack of information on population structure, and on the amount of
subdivision within a group of organisms, has had serious impacts
within restocking programs (Ryman and Stahl, 1981). The
introduction of "wrong" stock may have disastrous effects as occurred
with the mixing of wood and plains bison in Wood Buffalo National
Park.

In the maintenance of a viable population, the assessment on the
availability of genetic wvariation 1is essential, and also has
important evolutionary consequences (Socule, 1986). When a population
is confronted with changing environmental conditions, ideally the
population’s gene bank is maintained at a high level of diversity to
withstand extinction (Smith et al., 1975). With no convenient method
to assess the degree of genetic wvariation or to calculate the amount
of 1inbreeding, much money has been spent in an effort to determine
the causes for fitness deterioration within wildlife populations. 1In
one such case, deer having small racks were thought to be inbred;
however, the primary problem was indeed related to overpopulation or
habitat quality (Smith et al., 19735). Cver time, the level of
genetic wvariability could be monitored by RFLP analysis which would
provide a sensitive indicator for evaluating the effectiveness of
management programs. An estimate of the genetic diversity within
individuals and populations 1is useful for maximizing variability in
newly intreduced populations, and within groups of endangered

species. The ability to determine lineages within a group of
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organisms would allow managers to arrange matings between diverse

individuals. In one particular study, RFLP analysis was used to

determine whether parental mixing occurred within the monogamous

species, the snow goose (Anser caerulescens cagerulescens) (Quinn et

al., 1987). To wunderstand the mating strategy of a species is

particularly beneficial within managed breeding programs to ensure

maximum gene diversity fc' future generations. This is pertinent to

the management of the bison, since the populatiens that exist today

originate from a very smail number of founders.

Additional genetic research may examine possible genetic

relationships with desirable phenotypic characteristics (cause and

effect relationships) to assist in improving wildlife managenent

techniques (Smith et al.,1975). Accurate estimates on the importance

of genetic and environmental components for variation in characters

such as growth rate, survival and disease susceptibility are

important factors influencing the well-being of a species. Looking

into the future, new recombinant DNA techniques will make the
transfer of genes among individuals possible, which could be

advantageous to a species existence, especially within this rapidly

changing environment.

The association between groups of North American bison, and the
relationship of New and Old World bison has mystified scientists and
politicians for many years. Since 1893, Canada has expended

considerable time, effort and money in managing the wood and plains



tison separately, wunder the assumption that the two Nor:h American
forms are distinct. The applicatiocn of RFLP analysis to the bison
predicament may assist in the characterization of populations as well
as ajd in the differentiation of the two North American bison types.
Informatzion pertaining to the amount of genetic diversity and to the
mating strategy of bison would aid in management decisions to improve
the wviability of existing populations. This type of genetic analysis
can also be applied to the evolutionary dispute; an estimate on the
degree of relatedness becween North American and European bison may
contribute to the resolution of phylogenetic patterns.

Bison have been a part of Canada long before white man’s arrival,
and the Wild West is remembered and relived because of this immense,
powerful animal. Since these great hump-backed creatures ~ve an
important component of Canada’s heritage, there is an obligation to
preserve and maintain h. thy bison populations for future Canadians

to enjoy.
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II. GENETIC RELATIONSHIP OF WOOD AND PLAINS BISON

BASED ON RESTRICTIUN FRAGMENT LENGTHE POLYMORPHISMS

2.1 INTRODUCTION

The existence of a distinct form of bison in northern Canada was
recognized over 100 years ago and eventually culminated in the

designation of this northern form as the subspecies Bison bison

athabascae, commonly known as the wooed bison (van Zyll de Jong,
1986) . However, the lack of an unamb.guous concept of a subspecies

has resulted in a persistent controversy concerning the validity of
this subspecific designation as distinct from the plains bison (Bison

bison bison) (Peden and Kraay, 1979; Mcdonald, 1981; wvan Zyll de

Jong, 1986). Wood bison are usually distinguished from plains bison
by their 1larger body parameters, larger horn cores, dark woolly
pelage and a relatively small amount of hair on their upper forelegs
and beard (Geist and Karsten, 1977; Reynolds et al., 1982).
Employing multivariate morphometrics to analyze body size parameters,
van Zyll de Jong (1986) considered that tnc phenotypic discontinuity
in body size parameters fully Justified the subspecific
distinctions. However, the conclusion of van Zyll de Jong (1986) is
inconsistent with the previous observations of Peden and Kraay (1979)

who found that the blood types and carbonic anhydrase polymorphisms

in wood, plains and wood x plains hybrid bison were similar. On the
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basis of their study, Peden and Kraay (1979) argued that the

classification of wood and plains bison as separate subspecies could

be questioned. Other comparisons of the blood types and karyotypes
of wood and plains bison (Ying and Peden, 1977; Zamora, 1983) have
been no more successful in clarifying the taxonomic relationships
between the two bison types.

Several recent studlies have revealed the potential of restriction
endonuclease analysis of mitochondrial DNA to clarify the genetic
relationships and evolutionary histories of <various groups of
organisms (eg. Avise et al., 1979b; Ferris et al., 1983a; Ferris et
al., 1983b; Powell, 1983; Wright et al., 1983; Spolsky and Uzzell,
19886). However, preliminary work with wood and plains bison
mitochondrial DNA has been inconclusive as additional comparisons
between the subspecies are required to establish <criteria for
classification (Cronin, 1986).

Researchers in the past have opted for molecular parameters that
had no obvious relatioaship to the characteristic phenotypic
differences between the two bison types, and this may explain why
previous studies have been unsuccessful. There is no clear reason
why wood and plains bison would differ in molecular parameters that
have had no obvious selection pressures to cause their divergence.
Studies which examine the structure and/or expression of genes, with
an established involvement in the manifestation of the divergent
phenotypic characters, may therefore be more effective in clarifying

the genetic relationship between wood and plains bison.



21

Theoretically, if the divergent body size parameters of wood and
plains bison are genetically (rather than envirnmentally)
determired, wvariation must exist at growth-regulating geaes within
the two bison types. In a study of lines of mice wich divergent
growth patterns, Salmon et al. (1988) employed restriction
endonuciease analysis of the growth hormone gene locur to identify
genetic variation which was strongly associated with body size.
Therefore, the study reported herein employed restriction
endonuclease analysis of four genes (growth hormone, growth hormone
releasing factor, somatostatin, insulin-like growth factor-1), known
to regulate postnatal wmexmalian growth (Raisz and Kream, 1981;
Froesch et al., 1985; Zapf and Froesch, 1986; Gorbman et al., 1983),
in order to explore the genetic relationships between the two North

American bison types.
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2.2 MATERIALS AND METHODS

2.2.1 Sample collection
Approximately 10 ml of blood was drawn from the tail vein of 40

plains bison and 40 wood bison randomly selected from the two bison

populations maintained in Elk Island National Park (EINP). The blood

was collected in EDTA (ethylene-diaminetetraacetate) vacutainers

(Beckton Dickinson and Company, Rutherford, NJ) and immediately

stored between 0°C and 4°C (wet 1ice or refrigerator) until DNA

extraction.

Four European bison (wisent) samples were obtained for comparison
to polymorphic 1loci discovered between the two North American bison
subspecies. Three wisent DNA samples, which originated in Poland,
were generously provided by Dr. Fellous (Institut Pasteur, France).

The fourth wisent blood sample was provided by C.G. Penny (San Diego

Zoo, California).

2.2.2 DNA preparation

To facilitate the extraction of DNA, white blood cells were
isolated and subsequently 1lysed. To isolate white blood cells, 5
volumes of a 0.155 M NH,C1/0.17 M Tris solution (prewarmed to
37°c) was added to 1 volume of whole blood. Following a 5 min
incubation at 37°C, the solution was centrifuged at 2000 rpm for 10
min. After aspiration of the supernatant, the pzllet was resuspended

in 10 ml of a 0.85% NaCl solution and centrifuged at 2000 rpm for 10
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min. This sequence of aspiration, resuspension in ©0.85% NacCl,
centrifugation and aspiration was then repeated. The white blood
cells in the final pellet were lysed by resuspending this pellet in 2
ml of 100 mM Tris (pH 8.0)/1 mM EDTA and then immediately injecting 2
ml of 100 mM Tris (ph 8.0)/40 mM EDTA/1.2% SDS (sodium dodecyl
sulfate).

For extraction of DNA, an equal volume of TE (10 mM Tris C1l (pH
8.0)/1 =M EDTA (pH 8.0))-saturated phenol was added to the solution
of 1lysed cells and mixed for 10 min. The resulting emulsion was then
centrifuged at 5000 rpm for 5 min. After centrifugation, the upper
aqueous phase was re-extracted with an equal volume of TE-saturated
phenol. This second phenol extraction was followed by an extraction
with an equal volume of 1:1 phenol/chloroform and, subsequently, with
an equal volume of 24:1 chloroform/isoamyl alcohol. The final
aqueous phase was then dialysed against 3 changes of TE over a 24
hour period. Following dialysis, DNA was ethanol precipitated and
resuspended in TE.

A total of 10 commercially obtained restriction endonucleases
(Bethesda Research Laboratories, Burlington ON; Pharmacia, Dorval QB)
were used to digest the bison DNAs. Addition of the restriction
enzyme was carried out over 6 h and total digestion time ranged
between 18 and 22 h. The digested DNAs were electrophoresed on 0.7%
agarose gels 1in a 0.04 M Tris-acetate/0.001 M EDTA (Maniatis et al.,
1982) buffer at 30 v for 20 to 24 h. Ethidium bromide (0.3 ug/ml)

was added to the gel to allow visualization of DNA. Each gel
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included DNA markers of known fragment sizes: bacteriophage lambda

cleaved with Hind TIII; pBr322 cleaved with Sau3A I; as well as high

molecular weight (HMW) (BRL) marker. The size of the marker

fragments ranged from 48 kb to 0.36 kb to allow for an estimation of

bison fragment size. The restricted DNAs were transferred onto a
nylon membrane (GeneScreen Plus, New England Nuclear Research
Products, Boston MA). Treatment of the DNA before and after transfer

to the membrane followed the conditions recommended by the supplier.
Method of transfer followed the protocol outlined in Maniatis et al.
(1982). Transfer was carried out for 38 to 48 h.

The four cDNAs (complementary DNAs) wused for hybridizaticen
analysis were: bovine growth hormone (Gordon et al., 1983); human
somatostatin (Shen et al., 1982); human insulin-like growth factor-I
(Rotwein, 1986); and rat growth hormone releasing factor (Mayo et
al., 1985). Plasmids containing the above cDNA were transformed into
appropriate host bacterial strains, isolated, and purified following
the procedures outlined in Maniatis et al. (1982). Inserts were
cleaved from typlasmids by restriction enzyme digestion and separated
from vector DNA on IMP agarose (BRL) gels. Probes were radiolabelled
with [32P]dCTP (ICN) by the random primer method (Feinberg &
Vogelstein, 1983; 1984). The labelled probe fragments were separated
from the unincorporated radionucleotides by spun column
chromatography (Maniatis, 1982). Prehybridization, hybridization and
washing of the membrane followed the formamide procedure recommended

by the supplier. Membranes were autoradiographed at -70°%C using
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two sheets of Kodak GBX-2 film (Eastman Kodak Co., Rochester, NY) and
Lightning Plus intensifying screens (Dupont). Films were exposed for

3 to 14 days depending on probe activity.

2.2.3 Statistical analysis

The fragments, identified via autoradiography, were considered in
terms of restriction site locality. While more complex sequence
alterations could undoubtedly occur, the assumption was made that a
dimorphic restriction fragment reflected the existence of a dimorphic
restriction site (Figure 1). Where such a situation was assumed to
exist, the position of the variable site most proximal to the
monomorphic site (labelled X3 1in Figure 1) was designated with the
subseript ‘1’ (eg. X, in Figure 1) while the distal position of the
variable site was designated with the subscript ‘2’ (eg. X5 in
Figure 1).

The genotypic frequencies for the wood and plains bison
populations were calculated for each polymorphic site identified and
were compared to Hardy-Weinberg proportions. The difference between
the observed and expected values were tested using Chi-squares,
corrected for small sample size (Levene, 1949).

The coefficient of inbreeding (f) within each population was
calculated for each polymorphic restriction site following Barker et
al. (1986).

The null hypothesis that f=0, was tested using Chi-squares for

difference from zero (Barker et al., 1986).
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Analysis of population structure follows the nethods of Wright
(1965). Wright’s F-statistics are the correlations found between

two uniting gametes within a population (FIS) as well as in the
species as a whole (Fyp). The correlation between two uniting
gametes within a population, relative to gametes of the entire
species, indicates the amount of genetic differentiation (Fgp)
between the wood and plains bison. In this analysis, the

F-statistics were calculated for polymorphic loci using the following

formulae (Guries & Ledig, 1979):

(1) Fig = 1 - Hy/[1 - 1/(2N; + 1)12p;q4

where H; 1is the observed number of heterozygotes in the ith
subpopulation. The denominator is the expected number of

heterozygotes corrected for finite population si:ze.

(2] Fgr = o2,/pq
where 02p is the weighted sum of squared deviations of
the individual subpopulation gene frequencies from the mean gene
frequency, divided by the number of subpopulations (Guries &
Ledig, 1979), and p and q are the weighted mean haplotype
frequencies at the locus under consideration.

The correlation between two uniting gametes within the species



as a whole was derived from the FIS and FST values:

re=s
(v
—

Fir = Fig + (1 - Fig)Fgy

The extent of homogeneity between the bison populations was
estimated through the contingency Chi-square analysis (Feinberg,
1983).

Genetic variation between the two subspecies was determined
through Nei's (1972) measures of genetic identity and genetic
distance. The genetic identity (I, the proportion of identical genes

between populations) was calculated using the formula:

(4] I = ZPXiPYi/[(ZPXi)z(EPYi)Z]l/Z
where Py; 1is the frequency of haplotype i in population X and Pys
is the frequency of the same haplotype (i) in pepulation Y.

The genetic distance (D, the estimated number of haplotype substitutions

per locus) was computed using the formula:
(3] D= -In1I

The genetic variation was estimated for all restriction sites identified.
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2.2 RIZSULTS

The 22 enzyme/probe combinations emploved in this study provided

28 fragments (50 restr :ction sites) for the examination of intra- and
inter-population genetic wvariability (Table 2.1). 0f these 28
fragments, two revealed restriction fragment length polymorphisms

(RFLP’'s), both of which were associated with the growth hormone
releasing factor (GHRF) locus. When digested with Eco RV, the bison
GHRF 1locus yielded fragments that were either 8.9 kb or 14.4 kb; Sph
I digestion of this locus yielded fragments that were either 11.1 kb
or 12.6 kb in 1length (Figure .Z) Each of these RFLP's were
identified within both the wood and plains bison samples. That these
fragments were polymorphic rather than multiple fragments from a
single 1locus 1is reveaied 1in Figure 2; individual bison could be
either homozygous or heterozygous for each of the Eco RV and Sph I
fragments.

A dimorphic restriction fragment was assumed to reflect the
existence of a dimorphic restriction site: the two Eco RV
restriction fragments arose from a dimorphic Eco RV restriction site
(with positions designated as E; and E, according te the system
of nomenclature presented in Figure 2.1); the two Sph I fragments
arose from a dimorphic Sph I restriction site (with positions
designated as S; and S, according to the system of nomenclature

presented in Figure 2.1).

The frequencies of the Eco RV and the Sph I dimorphic sites are
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presented in Table 2.2. Within wood bison, E, appeared at a higher
frequency than E, while the reverse was true within the plains
bison. At the dimorphic Sph I site, S; appeared at a higher
frequency than S,; within wood bison while Sy and S, appeared at
equal frequency within the plains bison.

When the genotypes are defined by combining the two restriction
sites, Eco RV and Sph I, four haplotypes are possible: E;S,,
Ezsl, EZSZ' and E152 {Table 2.3). Out of the four
haplotype patterns one patte . ES;, may not be present in
either the wood or plains bison samples.

The expected genotypic frequencies, calculated from the observed
frequencies within the experimental animals, are presented in Table
2.2. The observed frequencies of the dimorphic sites did not differ
from a Hardy-Weinberg equilibrium within either the woed ~r rhe
plains bison. Although, a slight excess of heterozygotes resulted in
the calculation of negative inbreeding coefficients for both the wood
and plains bison (Table 2.4), the f value 1is not significantly
different from zero ((Wood: Eco RV, x2-1.90, 1 d.f., p<0.05;
Ssph I, x2=0.46, 1 d.f., p<0.05)(Plains: Eco RV, x2=1.01,
1 d.f., p<0 05; Sph I, x2, 1 d.f., p<0.05)).

To analyze population structure within and between the two
populations, the F-statistics were computed (Table 2.4).

The degree of homogeneity was significantly different between the
wood and plains bison at both the Eco RV (x2—24.26, 1 4.f

.

p=0.0) and the Sph I (v?=11.17, 1 d.£., p=0.0) locus.
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The genetic identity between the wood and plains bison was 0.985

which resulted in a genetic distance of 0.015. The genetic distance

between the bison was greater at the Eco RV locus {0.622) than at the

Sph I 1locus (0.199). A comparison of the North American bison

GHRF-related restriction fragments with those identified in the four

European bison samples 1is presented in Figure 2.3. Both Eco RV and

Sph I 1identify GHRF-related restriction fragments that were also

identified within the North American species. However, unlike the

North American bison, the Eurcpean bison is homozygous for each of

the Eco RV and Sth I fragments. The European bison Eco RV

restriction fragment 1is 14.4 kb while the Sph I restriction fragment

is 11.1 kb.
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2.4 DISCUSSION

2.4.1 Intra-pcpulation variability

As defined by restriction site loci associated with
growth-regulating genes, the genetic diversity within both the wood
and plains bison populations at Elk Island National Park (EINP)
appears to be low; polymorphisms were identified at only 2 of the 50
restriction site loci examined. This low level of intra-population
genetic diversity is compatible with the history of the two
populations; in the establishment of both the plains and the wood
population, a very 1limited number of animals were available. Ths
animals presently in EINP result fromban original stock of 22 wood
bison and 30 plains bison {Ogilivie, 1979; Novakowski, 1989),
Moreover, as a&a conseqguence of this limitation on the availabilitcy of
foundation genetic material, the present representatives may not, in
fact, refil: the genetic diversity which existed within the bison
that once inhabited North America.

Whiile very few restriction site polymorphisms were identified
within the wood and plains bison, the distribution of the identified
polymorphic sites does reveal several structural features of the
existing EINP populations. The Hardy-Weinberg equilibrium of the
restriction site genotypes 1implies that both bison populations are
random mating; each male in the population appears to have an equal
chance of mating with each femrale. The negative inbreeding

coefficients further imply that the two EINP bison populations are
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panmictic. Thus, although both populations have experienced

bottlenecks in the past, our study suggests that the existing genetic

information within each population is being evenly distributed.
The concept of random mating within each bison population may

appear to be incompatible with the polygynous mating system typical

of bison (Lott et al., 1987). The principal factor influencing this

random distribution of genotypes is time. Both bison populations in

EINP were established over 25 years ago, and this span encompasses

the predominant lifetime of a bison. Within the polygynous mating
system, selection for body size, weaponry, and behavior in males
restricts monopolization of females to certain age classes (Jarman,
1983). Although the age at which male bison may breed is a selective
factor, over a 1lifetime most bulls will eventually mate, thus
facilitating random mating within the bison populations.

Population structure of the EINP bison may also contribute to the
randomized arrangement of genotypes. With the exception of the
breeding season, bison bulls remain either solitary or roam in small
temporary groups; cows form larger groups with the calves and young
bulls. As the mating season approaches, the cows congregate into
larger breeding clusters where they are joined by the mature bulls
(Lott, 1972; 1974a; 1979). Therefore, depending upon the size of the
breeding cluster relative to the total population size, a small
number of dominant bulls may have access to a large proportion of the

breeding females; the 1inability of many 1less dominant bulls to

contribute to the gene pool could thereby result in genotypic
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frequencies which deviate from a Hardy-Weinberg equilibrium.
However, Shackleton (1968) indicated that the gr-up size of bison,
within the wooded habitat of EINP, is smaller than it would be in
open range. This smaller group size would increase the number of
breeding clusters available. As a consequence, the less dominant
bulls would have a greater probability to contribute to the gene
pool, thereby increasing the opportunity to distribute genetic
material uniformly throughout the population.

Random distribution of genotypes may also be attributed to the
mobility of cows. Individual females are known to move rapidly and
extensively through home ranges (Lott and Minta, 1983). This
thorough population mixing would increase each cow's chances of
encountering different bulls in various years. Moreover, since the
bulls are mnot associated with a specific herd throughout much of the
year, further distribution of available genetic material may result
through the random distribution of bulls among the breeding clusters
during each breeding season.

The Hardy-Weinberg distribution of the restriction site genotypes
revealed within the two bison populations, also indicates that there
is no strong selection for specific GHRF genotypes in either

population.

2.4.2 Inter-population variability
While considerable controversy exists regarding both the

taxonomic status of wood and plains bison, as well as their
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evolutionary history (for review see McDonald, 1981), a consensus

does exist that wood and plains bison evolved from a common ancestor

(Wilson, 1969; Guthrie, 1970; Geist and Karsten, 1977; McDonald,

1981; wvan 2Zyll de Jong, 1986). The time of divergence of the two

bison types has been estimated by Wilson (1969) to have occurred
approxim.cely 5000 years zgo.

The 1low level of genetic diversity between the two populations
indicates recent divergence. The genetic identity between the two
populations (0.985) further emphasizes that the wood and plains bison
are closely related. However, the FST value (0.23) together with
the Contingency Chi-Square analysis, indicates that the frequencies
of the identified polymorphic restriction sites differ significantly
between the two populations. This significant difference 1is
compacible with the suggestion that the wood and plains bison exist
as two unique populations.

The degree of differentiation between the two bison populations
is very similar to that which Ayala (1975) suggested would exist
between two geographically isolated populations. Furthermore, the
genetic identity between the two bison populations (0.985)
corresponds closely to the identity (0.933-0.983 - ©based upon
protein electrophoretic analysis) found in geographically isolated
small mammal populations (Ayala, 1975).

The genetic differentiation between the bison populations (0.23)
is much higher than the genetic differentiations (derived from

protein electrophoretic analysis) reported for other geographically
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isolated populations by Selander and <Kaufwman (1973); the highest
differentiation cited by these researchers was 0.17 for interfarm
house mouse populations. In terms of large mammals, Ryman et al.
(1980) has reported a genetic differentiation of 0.096 for
geographically isolated moose populations. Since nucleotide-based
analysis would 1likely identify a greater degree of polymorphism than
protein-based analysis, RFLP-derived genetic differentiations of
these populations may, 1in fact, be very similar to that calculated
for the bison populations.

Thus, our preliminary restriction site analysis suggests that the
wood and plains bison populations at EINP have at least reached the
stage of geographic isolation in their evolutionary divergence. The
first step of the evolution (speciation) process is the isolation of
populations by geographic barriers whereupon each population
accumulates unique genetic differences. In the next step of
geographic speciation, organisms are recognized as subspecies. At
this level, differentiated populations have achieved at least partial
reproductive 1isolation in which matings between individuals result *n
progeny with reduced fitness. The reproductive ability, exhibited by
the hybrid bison in Wood Buffalo Naticnal Park, *ndicates the wood
and plains bison have not yet obtained this stage in their
evolutionary divergence. However, according to the guidelines of the
Committee on the Status of Endangered Wildlife in Canada (COSEWIC,
1979), this classification of wood and plains bison as geographic

populations would require that separate management of the two bison
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types be continued.

Since the European wisent of the 0ld World had evolved before the

North American bison, the homozygous fragment revealed within the Eco

RV and Sph I wisent digests suggests this may be the ancestral bison
allele. A considerable expansion of our molecular analysis of the
wisent will be very valuable in further defining the taxonomic status
of the wood and plains bison. While the actual time of divergence
between this European bison and the North American bhvison remains

uncertain (Wilson, 1969; Guthrie, 1970; Geist, 1977; McDonald, 1981),

the wisent has been geographically separated for at least 10,000

years (McDonald, 1981). Fluctuations 1in sea level, caused by the
freezing and thawing of glaciers, resulted 1in the appearance and
disappearance of a land connection between eastern Siberia and
Alaska. This land bridge made possible the migration of the European

bison into North America; the Bering Land Bridge last joined Siberia
and Alaska during the Late Wisconsin period (McDonald, 1981). On the
basis of this geographic separation, and on the significant
phenotypic differences between the European and North American bison
(van Zyll de Jong, 1986), most researchers (for review see McDonald,
1981) appear confident in their classification of the wisent as a
distinct species. An expanded examination of the nucleotide
variation, which exists among these three bison types, would allow
their degree of relationship with one another to be predicted; the
degree of relatedness between wood and plains bison could then be

considered relative to the relatedness between the North American and
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European bison forms. This further molecular analysis of wood,
plains and wisent populations, as well as of populations with clearly
defined subspecific relationships, will undoubtedly be necessary to

substantiate the subspecific designations of wood and plains bison,
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Table 2.1:

Rest-iction frapment lengths pssocizted with groxth-regulavicg loci.

Populatioo Enxyme Locus Fragment Sizes (kb) Rumbex of
Restriction
Allele 1 Allele 2 Sites

Wood/Plains:

Eco RI Ga .40 2
.80 4
.20

.45

W W W Wn

w

.20

Bam RHI GH 13.80
IGF-1I 15.10 3

13.00
GHRF 14.00 2

Pst I GE .64
IGF-I 6.40 3

5.80
3.81 2
«3.50
20.54
8.00
8.75
1.00
21.60

Hind III

w N

Pvu II

Xha I
.70
.85
.00
.85
.90 (EI) 14.40 (Ez)
11.10 (51) 12.860 (SZ)

Bgl I
Dra
Eco RV
Sph 1

@ M N W m
NN NNNNNN

European:
Eco RV GHRF 14 .40
Sph I GHRF 11.10

kb - kilobase
aLoci were designated by the following abbreviations: growth hormone, GH;

insulin-like growth factor-I, IGF-1; somatostatin, S: growth hormone releasing
factor, IGF-I.



Table 2.2:

Frequency of alleles at polymorphic loci in wood and plains bison.

Chi-square test for deviation from Hardy-Weinbarg equilibrium.

Population

POPULATION
Locus HWood Plains
Eco RV
N 20 20
E1 0.75 0.20
E 0.25 0.80
2
Sph I
N 20 20
S1 .85 0.50
1 s
S2 0.15 0.S50

Locus

Genotyps

Obs. Exp. Chi- D.
Frsq. Freq. Square
Wood Eco RV El£1 10 11.15
®
El“z 10 7.69
EZEZ 0 1.15 1.97 16
Sph I SIS1 14 14.39
5152 5.23
S S2 0 0.33 0.51 .48
Plains Eco RV EE 0 0.72
E Ez 6.56
EZEZ 12 12.72 1.0/ .30
Sph I SIS1 4 4.87
S,S 12 10.26
L4d
SZSZ 4 4.87 0.61




Table 2.3:

Observed Genotypes at Sph I,

EqEq

ECO RV E1E2

EjE,

S151

10 wood

4 wood
3 plains

1 plains

Eco RV Polymorphic Sites

SPH I

515,

6 wood
5 plains

7 plains

SpSo

4 plains



Table 2. 4:

Inbreeding coefficient for wood and plains bison at each polymorphic site.

Observed

Expected Fixation
Population Locus Heterozygotes Heterozygotes Index (£)}
Wood Eco RV 10 7.69 -0.33
Sph I 6 5.23 -0.18
Flains Eco RV 8 6.56 -0.25
sph I 12 10.26 -0.20
Estimates of FIS' FIT' and FST fo- Two Polymorphic Sitesa in Bison
bisen.
Locus FIS FIT FST
Eco RV -0.295 0.098 0.393
Sph I -0.192 -0.026 0.140

Ave. over

Both sites -0.241

0.040 0.227
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Figure 2.1. Relationship between identified dimorphic restriction
fragments and the positions of the variable restriction site. A
dimorphic restriction fragment was assumed to reflect the existence
of a dimorphic restriction site. 1In each case where such a situation
was assumed to exist, the position of the variable site most proximal
to the monomorphic site (labelled X3) was designated with the
subscript ‘1’ (eg. XL) wnile the distal position of the wvariable

site was designated with the subscript ‘2 (eg. XZ)'
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ECO RV SPH |
w_ P w__. P
14.4 —pf
12.6 —b : ‘ o
11.1 — ™ o
8.9 —» g

Figure 2.2. Autoradiogram of the GHRF-related RFLP's within the wood
(W) and plains (P) bison. These polymorphic restriction fragments
were revealed when bison DNA was digested with either Eco RV or Sph
I. Individual wood and plains bison could be either homozygous or

heterozygous for each of the Eco RV and Sph I restriction fragments.
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14.4 —p
12.6 —b |
11.1— |

8.9 —d

Figure 2.3. Autoradiogram of the European (E) and North American
(wood (W) and plains (P)) bison GHRF-related restriction fragments.
When European bison DNA was digested with Eco RV the GHRF locus
yielded a restriction fragment of 14.4 kb and digestion with Sph I

yielded a fragment of 11.1 kb,



ITIX. IDENTIFICATION OF HIGH MOLECULAR WEIGHT DNA

ISOLATED FROM A 36,000 YEAR OLD STEPPE BISON (B. PRISCUS)

3.1 INTRODUCTION

During the Pleistocene era, speciation and extinction rates
quadrupled over that of the Tertiary (Geist, 1983), resulting in
current confusion with respect to the evolution of mammals,
particularly of bison. The fossil record, together with information
on coexistent forms, indicates the evolutionary pattern of bison
cannot be defined as either unidirectional, or as a series of
invasions from the 0ld World to the New (Guthrie, 1970; McDonald,
1981). This unresolved puzzle has caused a heated contreversy among

many Pleistocene paleontologists (McDonald, 1981). The discovery of

a 36,000 year old steppe bison (Bison priscus) within the permafrost

layers of Alaska (Guthrie, 1988) has created potential for applying
molecular genetic techniques to resolve the bison dispute.

Recently, DNA from ancient remwaiuns has been successively isolated
from a number of species including humans, sloths (Mylodon), and
quagga (Equus gquagga) (Paabo, 1985; 1989; Higuchi et al., 1984).
Since the inter-relatedness of species is encoded within the genetic
processes which are passed on from generation to generation,
comparison of DNA sequences obtained from both this prehistoric bison

and modern bison could be a direct and powerful method of resolving
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this controversy.

In the extraction of ar~ient DNA, a common rroblem encountered is
nucleic acid degradation whi:» linders d he application of advanced
molecular genetic techniques; moreover, another primary concern

revealed by Johnson et al. (1985), in an attempt to isolate mammoth

DNA, is the possible extraction of a foreign DNA resulting from
microbial contamination. Therefore, prior to further molecular
analysis, the nucleic acid extracted from prehistoric remains must be

positively identified to prevent the comparison of unrelated DNAs.
The purpose of the study undertaken herein was therefore to
isolate high molecular weight DNA from the prehistoric steppe bison

tissue and to ve ¢ the identity of the extracted DNA.
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3.2 MATERIAL AND METHODS

3.2.1 DFA extraclion and purification

Dry muscle from a prehistoric bison (Bison priscus) was

generously supplied by Dr. R.D. Guthrie from the University of

Alaska. Owing to the inadequacy of conventional DNA extraction
techniques, nucleic acid extraction from the ancient tissue followed
a modified procedure of Johnson et al. (1985). Prior to rehydration

in TEN buffer (10mM Tris-Cl (pH 7.5)/1mM EDTA (pH 8.0)/10mM NaCl)
(Johnson et al., 1985), individual muscle fasciculi were separated
and cut 1into smaller fragments. Ten ml of TEN buffer were used for
each gram of tissue undergoing DNA isolation. Following a 12 to 16 h
incubation at 37°C, the tissue/buffer mixture was homogenized by
freezing in 1liquid nunitrogen and subsequent grinding with mortar and
nestle.

To facilitate cell lvsie, proteinase K &:d sc?ium dodecyl sulfate
(SDS) were added to the ground =issu: at a final concentre:ion of 40
ug/ml and 0.5%, respectivaly. Tniz sclution was ther gently mixe.! on
a multipurpose, vertical rotor for 16 tc 20 h at 20¥C. To separate
the DNA from the tissve, the solution was centrifuged on a JA-20
(Beckman) rotcr at 10,000 rpm for 1 h. The extracted supernatant was
stored betwe:n 0°c and 4°c until purification, and the
precipitate was cgain subjected to this sequence of grinding, lysing,
mixing and centrifugation. This sequence of manipulaction was

repeated until the tissue had completely dissolved 4in the lysis
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solutisn (approximatelv % or 7 cvclas). The gucevnaszomts collac=zd
between manipulations were placed 1in separate tubes and were
subjected individually te DNA purification.

For purification of DNA, the supernatant was extracted twice
with an equal volume of TE (10mM Tris-Cl (pH 8.0)/1mM EDTA (pH 8.06))
- saturated phenol, followed by an extraction with 1:1
phenol/chloroform and finally with 24:1 chloroform/iscamyl alcohol.
Isolation of DNA from the purifying agents was accomplished by
centrifugation at 10,000 rpm for 5 min. The final aqueous phase was
adjusted to 0.25 M sodium acetate (pH 5.2) and precipitated overnight
with 2.5 volumes of 95% ethanol at -20°C. The resulting pellet was
washed with 70% ethanol and resuspended in 100 ul of TE. The nucleic

acid solution was then treated with 80 ur/ml ribonuclease A at 37°C

Zor 3 . Removal ol ribonuciease A was acneived by extracting with
equal volumes of phenol, 1:1 phenol/chleroform, and 24:1
chloroform/isoamyl alcohol, respectively; the DNA was subsequenrly

precipitated in 0.25 M sodiun acetate ard 2.5 +volumes of 95%
ethanol. Following a 70% ethanol wash, the total DNA was further
purified by elution through an Elutip-d cclumn (Schleicher & Schuell,
Montreal QB).

To evaluate the condition of the isolated DNA, the sample was
electrophoresed on a 0.7% agarose gel in a 0.04 M Tris-acetate/0.001
M EDTA (TAE) (Maniatis et al., 1982) buffer at 230 v for 3 h (Figure
3.1). The gel included uncut human DNA, as well as DNA markers of

known fragment size: Bacteriophage lambda cleaved with Hind 1171;
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pBR322 cleaved with Sau3A 1I; high molecular weight (HMW) (BRL)
marrer. The size of the marker fragments ranged from 48.0 kb to 0.36
kb to allow for an estimation of prehistoric DNA size. For
visualization of DNA, ethidium bromide (0.3 ug/ml) was added to the
gel. The prehistoric DNA was also subjected to restriction
endonuclease digestion and electrophoresed on a 0.7% agarcse gel to
further determine the quality of the DNA. Test digests of the DNA
were performed and examined before and after chromatography to
3.

evaluate the effect of the Elutip-d column (Figure 3.2).

Quantitation of the ancient DNA was determined by spectrofluorimetry.

3.2.2 Satellite band isoiation

To determine the origin of the prehistoric DNA, a bison satellite
band was isolated and emploved as a probe. To obrain the sarellite
band, approximately 10 ug of plains bison DNA was digested with the
restriction endonuclease Pst: 1 (Bethesda Research Laboratories,
Burlinton ON). The digested DNA was electrophoresed on a 1% IMP
agarose (BRL) gel in TAE buffer at 30 v for 9 h with markers ranging
from 48.0 to 0.36 kb. The 700 bp sateilite band identified by its
intensity (Figure 3.3), was manually cut from the gel with a scalpel,
and the DNA was further purified of IMP agarose by way of the
GeneClean procedure (BIO/CAN Scientific Inc., Mississauga ON). The
concentration of the satellite DNA was determined by

spectrofluorimetry.
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3.2.3 Dot Blot and Labelling
To confirm the 1identity of the ancient DNA, a dot blot of the
prehistori~ bison was completed srith the following DNA controls:

plain- - . .n, «cow, human, drosophila, and Escherichia coli. The

affinic, of the bison satellite probe to the various DNAs was
estimated by wvarying the amount of DNA loaded. The amounts (ug) of
DN added were: 0.02, 0.03, 0.05, 0.1, 0.3, 1.0 (Figure 3.4). The
dot blot procedure followed the instructions outlined by GeneScreen
Plus (New England Nuclear Research Products, Bosron MA).

To acquire a sufficient amount of probe, 150 ng of satellite DNA
were radiolabelled with [32P} dCTP (ICN Biomedicals Canada Ltd.,

Montreal QB) by the random primer method (Feinberg & Vogelstein,

1983; 1984, and the 1lszbelled probe was separated from the
willincorporated radionucizocides by spun coiumn caromatographny
(Maniartis et al., 1982). Prehybridization, hybridization, and

washing of the membrane follewed the formamide procedure recommended
by the supplier (NEN). The membrane was autoradiographed at -70°cC,
for one hour, using Kodak GBX-2 film (Eastman Kodak Co.

, Rochester

NY) and Lightning Plus intensifying screemns.
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3.3 RESULTS

Nucleiz acid extraction and purification from the prehistoric

bison was performed on two separate occasions. Although the

technique employed and the amcunt of tissue used was identical, the

tctal amount of DNA obtained from each tissue sample varied

considerably, with 21 ug and 2 ug of DNA extracted, respectively. In

the second extraction a greater amount of connective tissue was

present and consequently resulted in a lower concentration of DNA.

As had been observed by Johnson et al. (1985), a brown colored

impurity was present in the DNA collected and was still prominent

after chromatography. The intensity of the impurity lessened with

each successive manipulation of grinding, lysing, and centrifugation;

as well, rthe concentration of DNA within samples of repeated

manipulations increased up to the fifth extraction and decreased

thereafter.

The condition of the bison DNA determined from gel

electrophoresis revealed high molecular weight DNA (>45 kb) with very
litctle wvisible shearing {Figure 3.1). Also, the RNA obtained was in

excellent condition, with the two major rRNA bands distinctly visible

within the gel. Those samples with the highest concentration of the
colored impurity revealed a light blue hue within the gel. Column

purification caused partial shearing of the prehistoric DNA, and it

was found that the amount of shearing was directly relatzd to the

rate at which the DNA was forced through the column.
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When the prehistoric DNA was cut with Eco RI before
chromatography, zero to partial digestion resulted; digestibility was
greater within samples taken from later extractions. Purification by
the Elutip-d coclumn increased digestibility in all samples; following
passage over the column, Eco RI cleaved the DNA into multiple
fragments ranging from approximately 25 kb to 1 kb (Figure 3.2).
However, the digest pattern of the prehistoric DNA varied
considerably from the Eco RI pattern of a modern bison.

The affinity of the bison satellite probe to the various DNA
blots decreased as follows: bison, cow, prehistoric bison, E. coli,
human, and drosophila (Figure 3.4). Hybridization of the satellite
band to the human and drosophila blots was negligible. The signal
detected within the 0.3 ug prehistoric dot was equivalent to the
signal givea Ly ¢C.02 ug of modern bison, a ratio of 1:15 between
modern and prehistoric bison. Furthermore, when E. coli DNA is

probed with bison satellite DNA, at least 20 times more microbial DNA

is required to give the same signal as B. priscus DNA.
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3.4 DISCUSSION

The DNA 1isolated from the prehistoric bison was greatly modified
both, intrinsically and extrinsically, from that DNA isclated from
extant species. Physically, the most discernible characteristic of

the prehistoric DNA is a brown colored impurity which may represent
Maillard products of reducing sugars (Paabo, 1989). Although the
Maillard reaction generally 1involves heat, it has been shown that
some freeze-dried foods, which have not been subjected to heat, are

susceptible to this type of browning (Reynolds, 1965). The blue hue

within the gel, which was particularly apparent within earlier

extractions, was probably a result of this brown pigment. Johnson =t
al. (1985) had also discovered detectable amcounts of a material that
absorbs at visivle wavelengths, and considered it to be a chemical

modification of the ancient tissue.

Another alteration typical of ancient DNA is a size reduction to
an average of a few hundred base pairs (Higuchi et al., 1984; Paabo,
1985; Paabo et al., 1988; P:abo, 1989; Paabo et al., 1989); the
molecular size of the DNA extracted from B. priscus is much higher
than the average DNA size extracted from other ancient remains. The
extent of DNA size reduction is not correlated to the age of the
samples but to the rapidity with which the body has been dessicated
immediately after death (Paabo, 1989). The oxidative damage that
occurs postmortem appears to reach a plateau in a relatively short

time, after which it has only minimal additional effects (Paabo,
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1989). The excellent condition of the prehistoric bison NaA
indicates the carcass must have undergone rapid freezing, which
hindered the processes of oxidation.

Chromatography of the bison DNA removed a portion #f th: colored
product and also improved restriction enzyme digestibility. The
correlation between the amount of impurity prevalent within the
sample, and the cutability of the enzyme suggests the pigment has an
influence on enzyme performance. Paabo et al. (1988) had also
commented on an unidentified component within DNA extracts of 7,000
year old humans, which inhibited the activity of polymerase within
the polymerase chain reaction. This inhibition was overcome by the
addition of bovine serum albumin and increased amounts of enzyme.

An intrinsic modification of the gtrehistoric DNA was revealed

upon restriction enzyme digestion, after which the prehistoric digest

pattern varied considerably from that of modern bison. This
variation is probably a consequence of DNA damage, a common
occurrence within ancient nucleic acids. The nucleic acid extracted

from B. priscus appeared as intact, high molecular weight DNA with
very little wvisible shearing. However, depurination, a frequent
process of DNA deterioration, may have resulted in nicks (missing
bases), which cannot be detected by standard electrophoretic
techniques. Such nicks are ‘weak’ points within the DNA, and through
enzyme digestion they will break resulting in an indiscriminate range
of fragments. The rate of depurination within native DNA at 37°C

and pH 7.4 1is 3x10” 11 per second per cell (Lindahl and Nyberg,
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1972); consequently, at this high activity, depurination would have

occurred within the bison carcass regardless of freezing time. To

determine whether nicks are present before digestion, the ancient DNA

could have been subjected to pulse electrophoresis. Under this type
of manipulation, weak points resulting from AP
{(apurination/apyrimidation) sites would separate revealing the
condition of the DNA. In addition, DNA lesions such as baseless
sites, oxidized pyrimidines, and cross links are alkali sensitive;
therefore, treatment of the prehistoric bison DNA with alkali, aleng
with treatment of a control DNA, would alsoc give an indication of its
condition (Paabo et al., 1988).

In past studies, DNA sequences longer than 500 base pairs have
invariably proved to originate from contamination by modern DNA
(Faabo et al., 19%989),; however, hybridization of the bison satelliite
probe to the prehistoric DNA reveals that a bison-related DNA exists
within the prehistoric sample. The prehistoric and plains bison
signal ratio of 1:15, indicates there 1is at least 1 wug of
bison-related DNA per gram of prehistoric bison tissue. Chemical
modifications within the prehistoric DNA may have influenced the
binding efficiency of the probe. Further research is required to
assess the affect of intrinsic/extrinsic DNA aliterations on the
accuracy of such molecular application, The 1inability of the
satellite band toc bind to the human blots indicates the probe is

guite specific for bovine, which corroborates the validity of this

experiment. Although, partial hybridization hetween bison and the E.
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coli blots had occurred, this may have been a result of partial DNA
sequence homology. A former dot blot that followed identical
procedures to this study, revealed no hybridization between the bison
satellite band and 5 ug of E. coli DNA. Therefore, binding may also
be a result of technical wvariation or some source of outside
contamination.

The identification of a bison-related DNA within B. priscus
allows for further comparison of the genetic constitution of this
prehistoric bison and modern day bison. The excellent condition of
the nucleic acid extracted from the ancient bison increases the
chances of successfully applying advanced molecular &btiological
techniques. Analysis of DNA sequences of both extinct and extant
species may be used to resolve the identity and relationship of bison

and perhaps conclude the evolutionary pattern of this species.
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Figure 3.1. DNAs of A: human; B: high molecular weight marker; C:
Lambda hind marker; D to H: prehistoric bison prior to RNasing.
Designations D to H are DNAs isolated from the prehistoric bison from
the second to sixth extraction, respectively. The yield of DNA
within these samples 1is greatest in the intermediate extractions
(E,F,G) and lowest in the earlier and later (D and H) extractions.
The prehistoric DNA is similar in size to the human DNA (>45 kb), and
the RNA obtained is in excellent condition with the two major rRNA

bands distinctly visible.
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Figure 3.2. Column purified prehistoric bison DNA and plains bison
DNA were digestea with Eco RI and electrophoresed on a 0.7% agarose
gel. A: prehistoric; B: plains bison:; C: Lambda hind marker; D: high

molecular weight marker, Purification by chromatography had

increased digestibility of the prehistoric bison DNA, resulting in
fragments ranging from 25 kb to 1 kb: however, the digest pattern

differs from that of the plains bison.
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Figure 3.3. DNA of plains bison was digested with Pst 1 and

electrophoresed on a 1% low melt point (LMP) gel, to facilitate the

isolation of the 700 bp satellite band. A: Pst I restricted plains

bison; B: high molecular weight marker; €: Lambda hind marker.
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Figure .%. Dot blot <which reveals <che affinity of rhe bison

1

satellite band to the prehistoric bison DNA and to ather control
DNAs . ..2s dot blot shows that the prehistoric bison is relared to

bison and cow but not to human, Drosophila or E. coli.



GENERAL DISCUSSION

Theoretical considersations

The application of molecular biological techniques, to population

and taxcenomic questions, remains in 1its infancy. As a result,

determination of the taxonomic status of a specific populaticn.

through the use of some form of molecular 2nalysis. must await

4

similar molecular examination of other populations with ~varying
degrees of relatedness. Oaly through tlie assembly of a databank,
which deals wich the relationship between molecular genetic diversicy

and taxonomic classes, will molecular comparisons beCween populations

become valuable in answering taxonomic questions.

Furthermore, comparisons between molecular studies will remain

extremely difficulc unless a common molecular technology 1is

employed. Until recently, many studies (eg. Cznham and Cameron,

1972+ Bunch and Valdez. 1976: Avise et al. 1979: Ramsev et al..

1979: Soldal and Staaland, 1979; Gyllenstein et al., 1980: Chesser et

al., 1982: Chesser, 1983; Fleishmann, 1986) have utilized the
molecular analysis of proteins as a measure of genetic
variability/diversity. Sir.ce variation at the protein level may

differ from variation at the nucleotide level, compariscens between
protein-based and nucleotide-based studies will allow only wvery
general cenelusions to be drawn. In an analysis of the

electrophoretic variability of serum esterases in the lesser sncw

goose, Bargicllo (1977) found the average heterozygosity of these
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loci to be only 1.25%. However, an RFLP analysis conducted in the

same species detected polymorphisms in every sequence probed {(Quinn

n” Wh

)ele

te. 1987).

Moreover, the degree of nucleotide variability identified in a
population may wvary depending upon the specific sequence analyzed.
Due to greater evolutionary constraints, protein-coding sequences as
well as their associated regulatory elements will likely exhibit much
lower 1levels oi wvariability than non-coding sequences such as those
examined by Quinn and Write (%987). Moreover., variable rates of
mutation within the gencme (Britten, 1986) will also influence the
degree of nucleotide variability identified within specific

sequences.

Marny of the restriction sites 1identified within the wood and

plains bison study way lie within sequences inveolved 1in gene
regulation. That wmost probes revealed only a single fragment per
enzyze digest suggests that many ¢f the Identified vesctriction sites

occurred within sequences w!'ich flank the protein-coding regions of
the specific genes exarined; the 5’ flanking saquences of eucarvotic
genes have Dbeen shown to contain important regulatorv elements which
often extend 10,000 base pairs upstream from the start site of
transcription (Hatzopoulos et al., 1988). The possible cccurrence of
rYestriction sites within regulatory elements may be responsible for
the low 1level of restriction site variability identified within the
EINP park bison populations, relative tu the variability found by

Quinn and White (1987) witpin ti.e sacw goose.
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The length of <the probes (9.0 to 15.5 kb) employed by Quinn and

White (1987), in comparison to the length of probes used iIn our study

(0.34 to 1.l14 kb), may have also contributed to the greater degree of

nuclectide variability identified by these researchers.

Theoretically, the number of restriction sites revealed per digest

should increase with increasing probe length.

While both the specific type of genomic sequence examined (i.e.

protein-coding versus non-coding), and the length of probes employed,

differed between this study and that of Quinn and White (1987), both

studies did wutilize probes which were complementary to unique DNA

sequences. However, probes which are complementary to repetitive

genomic sequences may also be effective in the differentiation of

speciss and in the determination of evolutionary relationships.

Repetitive genetic elements, such as satellite DNA sequences, consist

of many tandem copies of a single DNA sequence which are dispersed

throrrghour the

93¢}

enome (Taparowski and Gerber, 1982). As in
unexpressed unique DNA sequences, the copies of satellite DNA are
less subject to selective pressures which limit the accumulation of
restriction site polymorphisms (Taparowski and Gerber, 1982);
moreover, since the satellite sequences are dispersed throughout the
genome, the sequences are capable of evolving restriction sites
independently of one another. As a consequence of this independent
evolution of restriction sites, satellite probes may reveal multiple

bands per enzyme digest, thereby increasing the probability of

identifying polymorphic restriction sites. A study of satellite DNA
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banding patterns among six species of whales (Arnasen et al., 1988),
which identified a species-specific hybridization pattern, emphasizes
the significance of satellite probes in species determinations.
Furthermore, an RFLP study of repetitive DNA in species of deer has
revealed banding patterns which may be associated with the
evoluticnary relationships among the species (Lima-de-Faria et al.,
1984).

However, while the multiple bands identified by sateliite probes
(and by large non-coding probes) may be very effective in uncovering
genetic variation, such probes would be less effective for popuiation
analysis since muleiple bands per digest would prevent the
establishment of alle&lism (Hill, 1987). As a result, parameters

associated with population structure, inbreeding and genetic distance

(which are based upon allele frequencies) could not be determined.

Another genetic approach which would also be effective in
revealing gernetiz wariztion and has bezn used in zany studies (Avise
et al., 1979; Cronin et al., 1988; Becker et al., 1988) to make

taxonomic inferences 1is th: analysis of mitochondrial DNA (mtDNA).
As a result of the mitochondrion’s inefficient repair mechanism
(relative to the nucleus) the nucleotide sequences of mtDNA evolve
approximately ten times faster than those in single copy nuclear
genes (Becker et al., 1988). Wirhin mtDNA there is a major noncoding
region known a3 the D-loop (displacement loop), which is concerned
with the initiation of DNA replicaticn. The D-loop is particularly

useful for the differentiation of closely-related species since the
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extent of divergence within this region is at least ten times faster

than for the mtDNA as a whole (Wilson et al., 1985). Although, the

haploid nature of mtDNA prevents the establishment of allelism, an

estimate of the genetic divergence between populations and species

can be determined. As well, the maternal mode of inheritance of

mtDNA makes it wuseful for studying maternal relationships and

introgressive hybridization.

The wutility of these various genetic parameters for taxonomic

differentiation will only be establishad through further

investigation. Not wuntil a moTe complete understanding of these

genetic parameters 1is obtained will a consensus be reached as to

which molecular application is best suited for species and population

differentiation. Further res-arch will then be required to establish

a molecular database for identification of wvarious wildlife
populations and species.

Evolutionary implicat..uns

The controversial history of the bison has not only created

skepticism toward the bison’s taxonomic status, but has also created
a ‘'srtir’ among evolutionary scientists. As a result of the ambiguous
prebistoric history of the bison, several theories have been proposed

to account for a variety of bison phylcgenies. The evolutionary

relationship of the present-day bison, ramely, B. bonasus, B. b.

bison, and B. b. athabascae, and the inguiry into which of these
three bison forms 1is the most evolved remains unresolved. Over the

past 30 years molecular geneticists have devoted much effort into the
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study of molecular evolutionary change and since then the assc :iation
between species change and molecu’ar change has revolutionized renown
phylogenies.

An important discovery made in the study of molecular evolution
is the approximate steady rate of nucleotide substitution within the

DNA molecule (molecular evolutionary clock) (Nei, 1987; Wilson et

al., 1987). Since molecular data reveal a more regular pattern of
evolutionary ‘tienge “~han morphological characters, they provide a
clearer pic® xr* of tue evolutionary relationships of orgaaisms (Nei,
1987). How- .. « = - in molecular genetics the evolution of a species
i5 the vesult <X one specie diverging into two new species (Nei,
1987 . As well, every corresponding gene has an equal probability of
mutating (evolving), therefore. two species diverging from a single
lineage will be equally distant from the common ancestor. Therefore,

rather than attempting to determine which form is the most evolved,
one can specify in terms of molecular geneti ‘which one of the
thre- -on forms diverged prior to the other two’.

To  obtain an estimate of the div. -ence time for the extant

bison, DNA sequencing and comparison of the nucleotide substitutions

between the bison would provide an indication of their genetic

relationship. Comparison of a specific gene within Bison to the
corresponding gene within a reference specie which lies

phylogenetically outside of Bison (eg. Bos) would give an indication

of the bison’s true relationship. Inclusion of an outgroup organism

such as Bos provides a root, thereby revealing which bison form



diverged the earliest; the bison type whose DNA sequence has the

least number of nucleotide changes to Bos will have diverged prior to

the other two bison forms.

Reflecting back to prehistoric times, the placement of the steppe
bison, B. priscus, within the hison evolutionary tree is u..certain
and of great controversy. Generally if is believed that I priscus
is amncestral to the present-day bison {(McDeo-21d, 1981; Wilson, 1969);
however, based on the dispersal theory, Geist (?771) believes 3.
bonasus is ancestral to both B. priscus and B. bison. Through
similar molecular genetic techniques involving DNA sequencing. such
theoriss, as the dispersal theory, could either be supported or

discou:.ced. Sequence comparisons of the three extant bison, rhe

prehistoric steppe bison as well as PRos (outgrocup) can determine

whether or not B. priscus diverged prior to the split of the three

extant forms. Ii .. priscus had diverged after the split of the
genz+=ic an2iysis car prcvide an sstimate of 1its
divergence time. On the other hand, if B. priscus diverged earlier,
DNA sequencing can specify whether the prehistoric tison is a direct
ancestor (same lineag. . or an lIndirect ancestor .. otb L.- ..} of
the three present-day bison.

The ideal region to examine evoluticaary change is within the
mitochondrial genome since it carries within its sequ- cu the history
of its 1lineage not complicated by recombination  ilson et al.,
1985) . Mitochondrial DNA is also of great interest to evolutionary

geneticists because of its high rate of evolution and materral mcde



of inheritance, which makes it ideal for studyin- ancestor-descendant
relationships (Wilson et al., 1985; Paabo et al., 1989). Within
molecular evoiution, ic is ideal to study those processes tha‘ nceur
rapidly ernough to be studied on a time scale of 10& (Paabo et al.,
1989); the slow accumulation of nucleotide substitutions found in the
nuclear genome does mnot allow for phylogenetic construction c¢f
closely related species. Mitochondrial DNA is present in many copies
per nuclected cell and this facilitates its survival and retrieval,
an important aspect especially since degradation of ancient DNA is a
common hindrance within molecular evolutionary genietics.
Mitcchordrial DNA 1is also uniformly distributed tnxocughout the animal
kingdom and 1is remarkably uniform 1in gene content (Wilson et al.,
1985) which makes it ideal for species comparisons.

Within mtDNA there are three sequences that can be used for
evolutionary study: cytochrome b, 12s rRNA, or the D-loop. The
sequence chosen for examination dJdepends largely on tiie deygree of
.imilarity between the species undergoing analysis. When the species

veing compared are more distant from one another a more slowly

evolving sequence 1is wused for analysis. In the construction of the
DNA phylogeny of the extinct marsupial wolf (Thylacinus
cynocephalus), comparisons were made to other distantly related

marsupials such as the South American opposum (Philander) and the
Australian tiger cat (Dasyurus). In this particular study the 12s
rRNA gene was used for comparison since it evolves approximately five

times slower than the c¢ytochrome b gene (Thomas et al., 198%). A
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slower evolving sequence 1is used to study distantly related species

to reduce the chances <cf multiple substitutions; whereas in more

closely related species, the cytochrome b gene is commonly used for

the construction of phylogenetic trees. A . .e rapidly evolving

sequence, such as cytochrome b, would be necessary for the comparison

of Bison since they are classified within the same genus. However,

since B. b. his:;n, B. b. athabascae aad perhaps B. bonasus appear to

be quite homocgeneous, sequencing and comparison of the D-loop may be

a better approach since its extent of divergence is ten times faster

than the mitochondrial DNA as a whole. The D-loov appears to be an

appropriate region for estimating divergence; howerer, it 1is a
relatively new discovery and 1s still undergoing investigation to
determine its potential for phylogenetic comnstructiou.

Once a sequence has been selected for phylogenetic construction,

a new and pocwerful procedure for ‘in vitro cloning’ can be used to

F

ennance cthe efficiency of determining the relationships between
extinct and extant species. This novel technique is known as the
polymerase chain reaction (PCR) and it 1is capable of selectively
amplifying wunique DNA segr 3ts within a [ew hour: (White et al.,
1989). The enzymatic ¢ _rfication of a specific DNA segment
involves the binding of two known synthetic oligonucleotide primers
to sequences flanking the target segment (Kocher et al., 1989; White
et al., 1989). These primers facilitate the binding of a DNA

polymerase which then copies the segment. The PCR can synthesize

many copies of a rare DNA sequence in the presence of a large number
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of damaged mcle-1les (Thomas et al., 1989), which makes this
technique wuseful for the amplification of ancient DNA. Consequeantly,
one can trace the changes in gene frequency through time by examining

and comparing the nucletide changes between museum specimens and
modern representatives of a population (Kocher et al., 1989). This

rapid and sensitive procedure can also be used for taxonomic purposes

to amplify target Sequences which differentiate species and
populations. Since the polymerase chain reaction can selectively
amplify DNA sequences it can extend the resolving power and

phylogenetic range of comparative studies; a sequence amplified with
highly evolutionary conserved primers (universal primers) would
provide a consistent metric for the comparison of populations and
phyla (White et al., 1989).

At present, the classification and the evolutionary relationship
of a species 1is based on morphological and phenotypic characters;
however with the recent advances made in molecular technology, the
use of a genetic parameter to assist in determining the identity and
assoclations of wildlife species 1is close at hand. Whether or not
molecular analysis will become the primary or sole factor for species
differentiation, is a developing controversy within the system of
taxonomic <classification. By 1itself or in association with other
parameters, zenetic analysis has become an important tool within
wildlife management, and through the continued efforts of molecular
geneticists the association between the genetic constitution and the

phenotype of an organism will eventually be more clearly understood.
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