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STUDYING ANCIENT AMERICAN DNA

It is now becoming possible to study the question of the
peopling of the New World on the molecular level. In the
past, tracing the ancient migration routes of the first cultures
to spread across North America or establishing a correlation
between modem-day Indians and their ancestors was done by
observing stylistic differences in pottery, dwellings, and
other cultural remains. Now, using a new microbiology
technique called PCR (polymerase chain reaction), research-
ers can actually begin to study the genetic makeup of prehis-
toric cultures by extracting, copying, and sequencing seg-
ments of DNA from ancient human bodies. The samples used
for this are currently limited to soft tissue.

For archacology, PCR may turn out to be the tool that
allows a family lineage to be built for the early inhabitants of
North America. This technique promises to provide new
insights into human population movement, genetics, and
evolution, as well as people’s response to viruses introduced
by invading cultures.

Dr. Svante P#bo, a post-doctoral researcher working at
Berkeley, ison the forefront of the effort to use PCR to isolate
DNA from ancient human samples in the New World. “The
goal of the research,” Piiibo says, “is to try to get genetic
information at the molecular level from archaeological re-
mains. The hope is that we’re going to get a time perspective
on genetic change in North America. We’ll be able to look at
population movements that have occurred since people en-
tered North America, how much they have diverged, and how
many differences have accumulated between different groups
since the colonization of North America by Native Ameri-
cans.” The research may also answer questions about pres-
ent-day American Indians, including which prehistoric cul-
tures were the ancestors of certain tribes, how much Euro-
pean, African, and other non-Native American genetic infor-
mation has been mixed into the American Indian gene pool
over the last 500 years, and the effect on the genetics of
different Indian populations caused by devastating intro-
duced viruses like smallpox.

So far, Piibo’s research has focused on a type of DNA
called mitochondrial DNA. Inside a human cell, the nucleus
which contains most of our genetic information consists of
DNA that we inherit from both our mother and father.
Outside of the nucleus, however, there are many small,
circular organelles called mitochondria which contain DNA
that is only passed down from the mother’s side. The
mitochondrial DNA in your body came from your mother,
your grandmother, and your great-grandmother. If you are a
female, you will pass your mitochondrial DNA down to your
children, unaffected by the mitochondria in your husband.
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Mitochondria, whose general purpose is to produce

energy for the cell, exist in thousands of copies per cell. Due
1o these sheer numbers, mitochondrial DNA is easier to
extract from ancient samples than is nuclear DNA, and so
researchers like Pibo are currently concentrating on this
particular genetic material.

Before beginning to look for ancientmitochondrial DNA,
Piiibo participated in rescarch led by Dr. Allan Wilson at
Berkeley, which observed the current world population.
“There are some striking things that come up when you study
mitochondrial DNA variations between all different human
groups in the world,” says Pisbo, who obtained a PhD in
medicine in Sweden. “First, there is very little difference
between usall.” It turns out that the genetic differences on the
molecular level between all living races of humans today are
only about .6%. As would be expected, there is a larger
genetic divergence between humans and chimpanzees, an
even greater difference between humans and cows, and a
much larger variation between humans and marsupial ani-
mals like wombats. The more divergence there is, the greater
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is the difference on the genetic level. The .6% genetic
difference between present day humans is an indication of
how far back in time our different racial branches diverged.

“The data we have,” Pasibo explains, “indicates there is
a steady rate of accumulation of change in mitochondrial
DNA. By studying the current differences between species,
it appears that quite recently we had a common human
ancestor for all the mitochondria that we sec today. From
what we know of the behavior of DNA, this means around
200,000 years.” The extrapolation backwards to a female
ancestor who produced mitochondrial DNA that is common
to all present-day humans is known as the “Mother Eve”
theory.

“It’s natural,” Piibo observes, “that our mitochondrial
DNA point to one common ancestral mother, due to the fact
that mitochondrial DNA is passed down only from the
mother’s side.” Many women throughout history had no
daughters, in which case their mitochondria died out. “It’sa
statistical phenomenon that as we go back further in time we

should eventually find one common mother.”
(Continued on page 3)

SEARCHING FOR SITES IN THE

GULF OF MEXICO

Archaeological sites beneath the Gulf of Mexico? Are
they there? And if they exist, how can their existence be
detected, let alone verified?

These are some of the questions that are being addressed
by the Minerals Management Service, an agency of the
United States Department of the Intcrior. Researchers at the
Minerals Management Service not only suspecedt that there
may be old hunting
camps or other prehis-

established hunting and fishing camps on land that is cur-
rently covered by water, taking advantage of arcas where
fresh water, shelter, and abundant food from the oceans were
all readily available.

In the case of the Gulf of Mexico, the shoreline at that
time extended up to 250 miles further out than it does today.
‘As the glacicrs continued to melt, the level of the oceans

toric sites under the silt -
and sediment of the Gulf,
but funded a study to try
to detect where these
sitesmay be, contracting
with Coastal Environ-
ments, Inc., a research
firm in Baton Rouge.
Although further analy-
ses must be completed,
some of the material that P
has been pulled up from
beneath the ocean floor
shows interesting traces
of having been associ-
ated with past human set-
tlements.
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tures underneath the Gulf
of Mexico? The answer
is relatively straightfor-
ward: during two periods
in the recent geologic
past, between 6,000 and
25,000 years ago and
40,000 and 80,000 years
ago, the sea level was much lower than it is today, since much
of the planet’s water at that time was locked up in glaciers. It
is probable that many Paleoindian or pre-Paleoindian peoples

Central and western Gulf o
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f Mexico continental shelf showing approximate

position of Late Wisconsinan shoreline and major Late Wisconsinan river
systems. (From figure 3 of Stright, M. 1986 Human Occupations of the Continental
Shelf During the Late Pleistocene/Early Holocene: Methods for Site Location.
Geoarchaeology 1 (4):347-364).

gradually rose, inundating any sites that may have been
established in this area by early peoples. Given certain cir-

(Continued on page 4)
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HAIR FROM

ARCHAEOLOGICAL SITES

If Charles Bolen is going to visit your site, he’s likely to
show up just as the dig is winding down. As the team packs
up the artifacts and pulls down the mess tent, Bolen heads off
to the excavations, alone.

It’s not that he doesn’t enjoy the company of other
people; he does. But other people, by their simple presence,
are likely to contaminate Bolen’s samples. This is because
Bolen studies hair, all kinds of hair, from archaeological and
paleontological sites. Since human beings, like all mammals,
shed hair, Bolen waits until everyone has left the sile before
he begins collecting soil samples that will later be float-tested
for hair.

Althoughin its infancy, the use of hair as a paleoecologi-
cal tool promises to complement traditional vertebrate stud-
ies. Whereas an animal mustdie for its bones toenter the fossil
record, hair has no such restriction. Hair is reasonably
durable and may be deposited in feces or in regurgitated
stomach contents, as well as by simple shedding.

“What you have to remember,” Bolen explains, “is that
mammals shed hair continually. Some of us shed a little faster
than others,” he adds with a smile. “As hair grows longer and
breaks off, it blows down to the soil. It’s there to be found.”

Bolen, who received a bachelor’s degree in anthropol-
ogy from the University of Maine after retiring from a career
in the military, became interested in hair studies while work-
ing in the UM archaeology laboratory for Dr. Robson Bon-
nichsen. Bolen and Bonnichsen observed that sediment
samples from False Cougar Cave in the Montana Pryor
Mountains contained hair. Bolen says, “I asked Rob ‘Why
don’t we identify the hair?” And we did. That started me
analyzing hair.” ’

Bolen describes the painstaking process by which he
collects and studies this unusual clue to the past. Before
taking any samples from an excavation unit, Bolen scrapes
down the entire pit wall, removing about an inch of sediment.
This ensures that no hair shed by the team members, or
modem animals like horses or cattle living in the area, will
contaminate the sample.

Bolen then collects a 25 cm? vertical column from the pit
wall, which he removes cither in stratigraphic sequence or in
arbitrary 10-cm levels. He double-bags and scals the samples
in plastic bags.

Next, the samples are removed to the lab, where they are
float-tested for hair. Bolen uses water softener or detergent
to help break down the clays in the sediments. “One clay
granule will keep a small rodent hair from floating,” he
explains. After agitating the sample in warm water, Bolen
uscs a finc-mesh strainer to collect the organics which rise o
the surface. He puts the skimmed materials in aluminum foil,
folds it up, and places the [oil inaplastic bag. Once Bolen has
float-tested all his samples, he takes them out one by one and
picks through them, pulling out all the hair, or possible hair,
that he finds.

Bolen acknowledges that this laboratory process islabor-
intensive. He emphasizes that “All the organics come to the
surface when you do a fioat: roots, stems, bird nests, what-
ever. Every fragment must be examined carcfully.” At the
Mammoth Mcadow site in southwestern Montana, for ex-
ample, “There was a ball of roots the size of a football at the
20-30 cm level. Picking through it took about 3 days, with a
dissecting needle and a pair of tweezers.” Interestingly, once
finished, Bolen found no hair at all in this level.

Bolen continues, “T then take the hair and put itin xylene,
which is a solvent, for 24-48 hours to clean it.” Some hair
samples, like those from False Cougar Cave, have fungus on
them when they arrive at the lab. The fungus must be
removed, Bolen explains, because when he puts the hairona
slide for study under the microscope, “Any dirt or fungus can
cloud the image.” In addition, “If you don’tkill it and clean
it off, eventually it will eat your sample.”

After taking the sample from the xylene, Bolen runs it
through a bath of 200 proof laboratory alcohol. This removes
water from the hair, and serves as an additional cleansing
agent. All moisture must be removed; if there is any left, the
slide containing the hair turns white. )

Once the hair is clean and dry, Bolen may take other
steps. If the hair is so dark that it is hard to see the internal
structure, Bolen bleaches it with hydrogen peroxide. On the
other hand, if a hair has split open and lost its pigmentation,
Bolen may stain it to make its structure more visible.

Once samples are finally ready, Bolen makes slides of
them and examines the hair through a microscope. It is not
always obvious what is a hair and what isn’t. “I have made
many slides of roots,” Bolen notes humorously. 1f a sample
isquestionable, he makes a temporary slideof itand cxamines

it. “Ifit’s a root, it goes back in the pile.”

To identify the species represented in the slide, Bolen
looks at the external and internal structure of each hair,
comparing the sample with hair in his reference collection.
Most hair, Bolen explains, consists of three layers: the exte-
rior, or cuticle; the cortex, which contains the pigmentation;
and the medula, which is the center.

When Bolen
examines a hair,
he first looks at
the cuticle,
which has a pat-
tern thatissome-
what similartoa
fingerprint.
However, this
scale pattern dif-
fers by species,
rather than indi-
vidual animals.
For example, al-
though all water
shrews have the
same exterior
scale pattern on
their hair, this
pattern is differ-
ent from that
found on the hair
of other shrew
species.

Scale patterns are a “shaky” source of information,
Bolen says, because they can easily be destroyed. When a
piece of hair falls to the ground in aregion with acold climate,
the hair undergoes cycles of freezing and thawing, and these
temperature extremes destroy the scale pattern. Also, acidity
can etch it off. “It’s just like when women go to the beauty
parlor and have their hair bleached, dyed, or curled: the scale
pattern is destroyed.” Bolen notes that he has never found a
complete scale pattern on hair from a woolly mammoth,
probably because “The cold and rain erased the scale pattern
on their hair.”

Charles Bolen. (Photo courtesy
of C. W. Bolen).

Bolen also looks at the internal structure of the hair. Like

the scale pattern, this structure is different for each species.
By studying the internal structure of a human hair, an inves-
tigator can estimate a human being’s age to within about five

(Continued on page 8)
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