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Introduction

The DNA of every species on Earth is susceptiblehinge. Base pairs are lost. Base pairs are gained
One base pair can be substituted for another. Wéheae changes in DNA mutations or single
nucleotide polymorphisms (SNPs) and they can &ysdéifferent mechanisms. By allowing organisms
to adapt to environmental changes, mutation ditivesteady and inevitable march of evolution.

Because a mutation within a gene can change theoaaeid sequence of the encoded protein, many
mutations spell disaster for that gene’s functind potentially for the organism that bears it. Abno
all genomes, however, from those of viruses to msnearry segments of DNA that neither directly
code for a protein nor are involved in the contrfoyene expression. A mutation occurring withinlsuc
regions can usually be tolerated by the organisitesit will most likely not impart any disadvantage
to its survival nor impair its ability to reproduce

Recently, forensic scientists, anthropologists, evwlutionary biologists have looked at mutations
within the DNA of the mitochondrion to explore difences between peoples and populations.
Mitochondria are found in all eukaryotic cells saré believed to have once been free living bacteria
that were assimilated early in evolution. They padevthe cell in which they reside with the genes
needed for the synthesis of the energy-carryingeoudé ATP. Each mitochondrion contains several
copies of its own circular genome and each cell omtain hundreds of mitochondria.

Because of its abundance, mitochondrial DNA hasineca target for those scientists who do not
have a ready supply of blood, bodily fluids, ostie to work with but who still need to examine
differences between people at the molecular |&Vblether it is the skeletal remains of a Neandental
a trace amount of hair left at the scene of a ¢rinfeere intact genomic DNA might be hard to come
by, mitochondrial DNA can often be readily recovkre

The mitochondrial genome is 16,569 bp in length @mnttains 37 genes. Within its structure, however,
there is a 1200 base pair non-coding segmentdctiecontrol region, carrying the genetic signals
needed for replication and transcription. Since Imaitthis DNA segment is not vital to the survigdl
the mitochondrion or the host cell, it is free tw@amulate mutations. By studying the number and
variety of base changes within this area, genésician determine the relatedness between indivadual
Using the mutation rate within the mitochodrial tohregion as a “molecular clock,” evolutionists

can plot the course that hominid evolution hasrake

MtDNA Sequencing Student Guide/EBBEP version (rev. 10/06) 1



When thinking about the human genome and all tiestthat make us what we are tucked away
within those six billion base pairs, it is easydaget that all other cells in our body contain e
genome, that of the mitochondrion. In some waysochiondrial DNA resembles the small circular
pieces of DNA calleghlasmidsfound in bacterial cells. Like a plasmid, mitochaatlDNA is circular
with a genome a fraction of the size of that ohibst cell. Also, like a plasmid, there are muéipl
copies within each cell. Some cells in the humaalylmarry thousands of mitochodria, and therefore
contain thousands of copies of the mitochondrialbgee. Because our bodies are composed of
trillions of cells, with hundreds or thousands afaohondria present in each cell, our bodies may
contain more than 5 quadrillion (5,000,000,000,000) copies of the mitochondrial genome. A great
deal of DNA replication has taken place to reaghatiult body’s full complement of mitochondrial
genomes! Replication of mitochondrial DNA proceedthe following manner.
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Once the signal is received to replicate the eg@mome, replication continues around the circular
molecule, increasing the size of the displaceddt{&igure C). When replication has proceeded
approximately two-thirds of the way around the roole, replication begins on the displaced strand
(Figure D) until two new circular genomes are oedat

Replication of mitochondrial DNA begins on only asteand within the non-coding “control” region.
As this strand is replicated, the opposite strarti@original DNA duplex is displaced and forms a
single-stranded loop (hence the narDeléop” for Displacement loop in Figure A). If the
mitochondrion is not committed to the replicatidnte genome, copying of the nondisplaced strand
stops close to the protein-encoding boundary (EEi@)r The displaced strand is then broken down and
the replication process begins again displacingglesstrand in the process. These events aretexpea
again and again until a signal is received thatrodsthe entire molecule to replication. The segimen
you will amplify by PCR is within the D-loop sequen Once the signal is received to replicate the
entire genome, replication continues around thautar molecule, increasing the size of the disglace
strand (Figure C). When replication has proceeggadoximately two-thirds of the way around the
molecule, replication begins on the displaced sti@&ngure D) until two new circular genomes are
created.

Setting the Molecular Clock

A specieds defined as a group of organisms that are cadlheerbreeding to produce viable,
reproductive offspring. New species can arise whembers of a population separate to form
their own breeding group within a new environméwait demands of its inhabitants a unique

MtDNA Sequencing Student Guide/EBBEP version (rev. 10/06) 2



set of survival skills. As the separated groupgdtes to fill a new and different ecological
niche, the genes that provide individuals an achgain the competition to flourish and mate
are selected for and passed on to the next gemerdinose individuals carrying genes that do
not provide a selective advantage may neither ganwnto adulthood nor mate. Their genes are
lost to the population.

A population’s ability to adapt to a new environrhendriven by the process of natural
selection. Mutation makes natural selection possildutation alters genes, destroying or
changing their function. Mutation molds the abilifymembers of a species to survive under a
defined set of conditions. Eventually, during tmegess of adaptation and over many
generations, enough mutations accumulate withirséparated population group that its
individuals are no longer capable of interbreedimttpy members of the original population.
This marks the birth of a new species. The longerdpecies diverge from each other, the
greater the number of mutational differences theliedbe between them.

A clock measures the passage of time. Assumingrthaations occur at a constant rate, the
accumulation of mutations in a DNA segment can seduas &molecular clock” to measure the
passage of time. In this case, the greater the eummbmutations, the greater the amount of time
passed. For example, if a new mutation appearsdefimedregion of DNA at a rate of one every
100,000 years, theafter500,000 years, 5 mutations will likely accumulate.

In this laboratory exercise, you will isolate mitmmdrial DNA from cheek cells and amplify a 440
base pair segment of the control region by PCR. Widlanalyze the DNA sequence of the PCR
product to reveal differences between you and tikeostudents in your class. You can compare
your sequence with those of thlee Man,” “Lake Mungo Man,” and other long-dead humans. How
does your sequence compare to those of chimpanm@&aandertal? Could you and othmodern
humans have arisen from Neandertals or did we eveéparately? If we evolved separately, at what
point in time didmodernhumans and Neandertals diverge on the evolutiotrag? Could
Neandertals have contributed to our gene pool? &las all questions you will investigate.

THAT LIKE NO CLOCK
| EVER SEE BEFORE
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The Polymerase Chain Reaction
(adapted from BABEC Alu PCR lab)
Objectives:
You should be able to list and explain the importance of each component of PCR.
You should be able to associate the temperature changes with the cycling steps of PCR.

The polymerase chain reaction (PCR) is a method used by scientists to rapidly copy, in a test tube,
specific segments of DNA. By mimicking some of the DNA replication strategies employed by living
cells, PCR has the capacity for churning out millions of copies of a particular DNA region. It has found
use in forensic science, in the diagnosis of genetic disease, and in the cloning (copying) of rare
genes. One of the reasons PCR has become such a popular technique is that it doesn’t require much
starting material. It can be used to amplify DNA recovered from a plucked hair, from a small spot of
blood, or from the back of a licked postage stamp.

There are some essential reaction components and conditions needed to amplify DNA by PCR. First
and foremost, it is necessary to have a sample of DNA containing the segment you wish to amplify.
This DNA is called the template because it provides the pattern of base sequence to be duplicated
during the PCR process. Along with template DNA, PCR requires two short single-stranded pieces of
DNA called primers . These are usually about 20 bases in length and are complementary to opposite
strands of the template at the ends of the target DNA segment being amplified. Primers attach
(anneal) to their complementary sites on the template and are used as initiation sites for synthesis of
new DNA strands. Deoxynucleotides containing the bases A, C, G, and T are also added to the
reaction. The enzyme DNA polymerase binds to one end of each annealed primer and strings the
deoxynucleotides together to form new DNA chains complementary to the template. The DNA
polymerase enzyme absolutely requires the metal ion magnesium (Mg++) for its activity. It is supplied
to the reaction in the form of MgCI2 salt. A buffer is used to maintain an optimal pH level.

PCR is accomplished by cycling a reaction through several temperature steps. In the first step, the
two strands of the template DNA molecule are separated, or denatured , by exposure to a high
temperature (usually 94°to 96<C). Once in a single -stranded form, the bases of the template DNA are
exposed and are free to interact with the primers. In the second step of PCR, called annealing , the
reaction is brought down to a temperature usually between 37T to 55 T. At this lower temperature,
stable hydrogen bonds can form between the complementary bases of the primers and template.
Although DNA can be billions of base pairs in length, the primers require only seconds to locate and
anneal to their complementary sites. In the third step of PCR, called extension , the reaction
temperature is raised to an intermediate level (65°C to 72<C). During this step, the DNA polymerase
starts adding nucleotides to the ends of the annealed primers. These three phases are repeated over
and over again, doubling the number of DNA molecules with each cycle. After 25 to 40 cycles, millions
of copies of DNA are produced. The PCR process taken through four cycles is illustrated on the
following page (Figure 1).

In the following laboratory exercise, you will use PCR to amplify a portion of the chloroplast genome.
You will be amplifying part of the rubisco gene. This gene allows plants to take inorganic carbon from
carbon dioxide and fix it into new organic compounds that the plant can use for food. You will use
different types of Native California plants as your source of DNA. DNA is easily obtained from the
plants by taking a small plug of tissue with a plastic tip. You will use 2 different sets of PCR primers
for each reaction. Therefore each student will have 2 reactions in the PCR machine (thermalcycler).
After PCR, you will electrophorese your sample on an agarose gel. If you see results on the gel, your
sample will be sent for sequencing at California State University, East Bay, and the results will be sent
back to your teacher so that you can compare sequences and analyze relationships between the
plants.
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Figure 1. The first four cycles of the polymerase chain reaction.

An excellent animated tutorial showing the steps of PCR is available at the DNA Learning
Center web site. http://www.dnalc.org/resources/BiologyAnimationLibr ary.htm

Also an excellent animation of cycle sequencing:
http://www.geneticorigins.org/geneticorigins/mito/m itoframeset.htm
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4. In a balanced centrifuge, spin sample
for 3 minutes.

/ TN\
y -\7/\*/\{&_}
1 minute
5. Observe your cell pellet at the bottom of the /:fi;“‘*Q
tube. Pour out the supernatant back into your /\ ; .
cup, being careful not to lose your cell pellet. . >
Note: It is okay if some supernatant is left in the a0
tube. = ¢
supernatant —|_‘I
pellet Itlll

6. Resuspend your cell pellet in 30 pL of saline.
Make sure the entire cell pellet is thoroughly
mixed by vortexing or “racking” your tube.

Note: To “rack” your sample, be sure the top of

the tube is closed, hold tube firmly at the top, and

pull it across a microfuge rack 2-3 times.

Resuspend cell pellet
in 30 pL saline solution
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Controls
+Control: 20 pL Master Mix, 20 pLrner Mix, 10 pL +Control DNA -Control: 10
pL steile water, 20 pL Master Mix, 20 pLrither Mix
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Agarose Gel Electrophoresis

To determine if you generated a PCR product thateaused for subsequent DNA sequencing, you
will need to visualize the products of your amgi#iion. This will be done using a process called
electrophoresisin which electric current forces the migration dfi® fragments through a special gel
material. Since DNA is negatively charged, it wiligrate in an electric field towards the positive
electrode (Figure 1). When electrophoresed thr@ugél, shorter fragments of DNA move at a faster
rate than longer ones.

Figure 1.Side view of an agarose gel
showing DNA loaded into a wedind the
direction of DNAfragment migration during
electrophoresis.

The gel material to be used for this experimegtifedagarose When agarose granules are placed in
a buffer solution and heated to boiling, they digs@nd the solution becomes clear. A castingisay
set up with a comb to provide a mold for the géle Bgarose is allowed to cool slightly and is then
poured into the casting tray. Within about 15 masuthe agarose solidifies into an opaque gel lgavin
the look and feel of coconut Jell-O. The gel, sndasting tray, is placed in a buffer chamber
connected to a power supply and buffer is pouraaltime chamber until the gel is completely
submerged. The comb can then be pulled out to tbemvells into which your PCR sample will be
loaded.

Loading dyeis a colored, viscous liquid containing dyes (mgkineasy to see) and sucrose, ficoll,
or glycerol (making it dense). You will add loadidge to your amplification reaction and then pipet
an aliquot of the mixture into one of the wellsyolir agarose gel. When all wells have been loaded
with sample, your instructor will switch on the pemsupply. The samples should be allowed to
electrophorese until the blue loading dye is 1 to2from the bottom. The gel can then be staindld wi
ethidium bromide and photographed.

You will need a 2% agarose gel for electrophoresigur PCR products. If your agarose gel
casting tray holds 50 mL, then you can calculageaimount of agarose you will need as follows:

(Ci) (Mi) =(Cr) (My)

C = concentration

M = Mass (100%) (V) = (2%) (50 g)
i = initial 100 (M) =100g
f =final M; = 1 g agarose powder

50 g—-1g=49g =49 mL buffer
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Electrophoresis of Amplified DNA

1. Retrieve your PCR tube and spimitefly
to bring the liquid to the bottom of the
reaction tubeMake sure the centrifuge
is balanced before you begin spinning
your sample!

2. Ina 0.5 mL new tube, labeled with your
PIN, dispens0uL of PCR product and
2mL of loading dye(use a new tip).
Slowly pipet the mixture upnd down until
the contents in the tube are uniformly
colored.

3. Carefully load 15-20uL of your reaction into
a well in your gel. Avoid poking the pipette
tip through the bottom of the gel or spilling
sample over the sides of the well. Use a new
tip for each sample.

4. One student (or the instructor) should
load5 ul of the 10(p ladder (molecular
weight marker) into one of the wells of
each gel.

5. When all the samples are loaded, attach the
electrodesrom the gel box to the power
supply. Have your teacher check your
connectionsand then electrophorese your
samples at25 Voltsfor 20 to 30 minutes.
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Staining and Photographing Agarose Gels

Your teacher will stain your agarose gel and take a photograph for you so that you may
analyze your results. FYI, Gel staining is done as follows.

1. Place the agarose gel in a staining tray.
2. Pour enough ethidium bromide (0.5ug/ml) to cover the gel. Wait 15 minutes.

CAUTION: Ethidium bromide is a carcinogen. Always wear gloves and safety glasses when handling.
3. Pour the ethidium bromide solution back into its storage bottle. Pour enough water into the staining tray to
cover the gel. Wait 5 minutes.
4. Pour the water out of the staining tray into a hazardous waste container and place the stained gel on a UV
light box.

CAUTION: Ultraviolet light can damage your eyes and skin. Always wear protective clothing and UV
safety

glasses when using a UV light box.

5. Place the camera over the gel and take a photograph.

The PCR products run on your agarose gel are invisible to the naked eye. If you look at your gel in normal room
light, you will not be able to see the amplified products of your reaction. In order to “see” them, we must stain the
gel with a fluorescent dye called ethidium bromide . Molecules of ethidium bromide are flat and can nestle
between adjacent base pairs of double stranded DNA (Figure 3). When this interaction occurs, they take on a
more ordered and regular configuration causing them to fluoresce under ultraviolet light (UV). Exposing the gel
to UV light after staining, allows you to see bright, pinkish-orange bands where there is DNA (Figure 4).

ALTERNATIVE FOR USING YOUR OWN DIGITAL CAMERA (not provided in kit)

Use the same setup as for the Polaroid, but reach into the hood attached to the camera and gently pull the two
buttons next to the lens that hold the camera attached. Remove the Polaroid camera and just use the bottom of
the hood over the transilluminator. Turn off the flash on your digital camera and set it into the camera hole.
Take pictures as usual. CAUTION: Use two sets of gloves so you do not cont __aminate your camera with
ethidium bromide!!! One set for touching the gels, and a clean set for touching the camera. Coveryo  ur
camera with a plastic bag to avoid EtBr contaminati on.
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Mitochondrial D-loop PCR Amplification Results
PCR amplification of the mitochondrial D-loop regiasing the primers for this protocol should
produce a 440 bp product as shown in the figurevinel

Figure 4. Representation of an agarose gel containing b @@ider
(leftmost lane) and lanes showing 440 bp producis D-loop PCR
amplification

If you have a photo from your teacher, Tape youipgeto in the space
below:

Using the Sequence Server at the CSHL DNA LearninGenter
Objectives:
You should be able to view your class data in tblElGpring Harbor Laboratory Sequence Server databa
You should be able to perform pair-wise sequeniggaents between diverse modern humans. You shmuld
able to perform pair-wise sequence alignments bertvdiverse modern humans and Neanderthals.
You should be able to set the “molecular clock"dzhen the number of sequence differences between
modern humans.
You should be able to use a “molecular clock” tbneate when Neanderthals and modern humans diverged

The DNA Leaning Center at Cold Simg Harbor Laboratg has developed a number of
bioinformatics tools for student use. Bioinformatics tools are pater programs used to help
scientists make sense of biological dathsolve biological problems. You will be using theg8ence
Server for three different activities to help yeah more about ther@ins of our species.

In the following exercise, you will compare DNA sece between individuat®m several

different population groups. You will first compaequences between modern hssnThis
information will be used to set a “molecular clogkfescribed on page 19). You will then compare
modern hurars to Nerdeathals to see if Nadethals might have conbuted to our gene pool. The
molecular clock you derive will be used to deteremvhen modern huans and Neardathals

diverged. In your final comparison, you will aligmodern huran sequences to that of a chimpanzee
to deive a new molecular clock. The molecular clocks bélused to estimate when modern hwsm
first appeared.
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Using the Sequence Server to Align Mitochondrial DN Sequences

Your class data has been entered into the Sequence
Server database at the Dolan DNA gy Center at
the Cold Spng Harbor Laboratg. Use the following
steps to accessd utilize that data.

Mitochondrial DNA Sequence Comparisons

1. Click on the icon for your Internet Service Ader
to gain access to the internet (AOL, Netscape Ndawiy
Microsoft Internet Explorer, etc)

2. In the address box, type the following
URL:http://vector.cshl.org

3. Inthe DNA Learning Center main page, clickioa
“Bioservers” image towards the bottom right of the

page.

4. BE SURE YOU ARE USING THE SEQUENCE
SERVER, and click on the ‘REGISTER’ button. Fill
out the required information and then hit “SUBMITIf
you have previously registered, enter your usernzmae
password, then press “LOGIN.”

5. The “Using Sequence Servérstruction window

will appear on top of the Sequence Server Workspace
The instructions contained in this box can be ui$ed
you need more information about using this sitaclkCl
on the Sequence Server Workspace to bring it fodwar
on the desktop.

6. Click on the “MANAGE GROUPS” box. This is
where you can identify groups of data to add toryou
workspace.
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7. In the upper right handornerof the Manage Groups
window is a scroll menu. If iisn’'t already showing,
select“Classes. This will bring up a list of classes from
across the country that have sequence data stardtei
Sequence Server database. Use the scroll barseon th
right side of the window, if needed, to locate yalass.
When you have located your class, click the boxgo
left to select it.

NOTE: The entire window must load before attempting
to change the selection.

8. Select"PrehistoricHumanDNA” from the Manage
Groups window. Click the box to tHeft of one or more
of the following:“Lake Mungo Man,” “Otzi, the
Iceman,” “Egyptian Mummy,” “Yixi mtDNA,”or
“Cahokian mtDNA."Press‘OK” whenfinished.

9. Your class data and several prehistdribtnans'data

should now be added to your workspace. Select your
sequence by using the scroll menu below your class
name. Deselect all the check boxes onléfeexcept for
your sample and one prehistoric human of your céoic

10. Next to the “COMPARE” buttobelow the Sequence
Server icon, use the arrows to scroll to
“Align:CLUSTAL W” then click the*COMPARE”
button.
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11. Your sequence and the prehistoric human seguen
you chose should align where bases are complenyentar
You may notice some yellow highlight regions, dashe
and gray highlight regions with “N’s.” What do you
think these indicate?

12. When you have examined the alignment to your
satisfaction, press the “CLEAR” button to clear you
workspace. Next, you will work with various divers
modern humans, Neanderthals, chimpanzee, and your
classmates’ data to investigate your genetic asigifihe
following steps will guide you through the proceelto
add members of these groups to your workspace.

13. In the Manage Groups window, use the scrofiune
to locate your class. Select it by checking its.bo

14. Using the scroll menu again in the upper ragither
of the Manage Groups window, locate and select
“Modern Human DNA.” Check all boxes in this Modern
Human DNA window.
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15. Locat and select the “Prehisoric Human DNA”
category from the Manage Groups window. Placelchec
marks in the boxes to the left of the Neandertha)l A
sequences.

16. Select the “Non-Human DNA” category from the
Manage Groups window. Click the box to the left of
“Primate mtDNA (4 species).” Click on the “OK” lanh
at the bottom of the window. This will place atlected

DNA seqguences onto the Sequence Server Workspace.
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Sequence Comparisons
You will perform a saes of sequence alignments that will allow you tinggte a mutation
rate and to calculate the timing of crucial eventsuman evolution. Use the following
guidelines for each comparison.
Identify a region spanning 200 bases where thegeasl alignment between the two
sequences you are comiog. This region should contain fewaiy, “N’s.”
Excluding N’s (in grayand dashes that may occur at the beginning or endecélignment,
count how mary yellow-highlighted base positions are found ia #tignment. If you find a
run of three or more dashes in a row, count sucim @s a single nucleotide difference.
If you find a sequence that does not align for B@Ses, use a different sequence.
Follow the steps below to fill in the spaces in thart that follows.

1. Modern Human vs. Modern Human

a. Select any two modern humans from the groups onwoukspace. Fill in the identifying
information in the table.

b. Compare these two individuals by ClustalW alignm@aunt the number of mismatches,
or SNPs, and record this number in the table.

c. Repeat steps “a” and “b” using different modern hum

d. Now compare two students in the class and filllinhee appropriate information
in the table.

e. Calculate the average number of SNPs for this gemaprecord in the table.

2. Modern Human vs. Neandertal
a. Select any African modern human and any Neandeh@mpare by ClustalwW alignment.
Fill in the identifying information in the table.
Compare these two individuals and record the nurab8NPs in the table.
Repeat steps “a” and “b” with any Asian modern horaad any Neanderthal.
. Repeat steps “a” and “b” again using any Europeadem human and any
Neanderthal.
e. Now compare your (or another student’s) sequentie any Neanderthal and record all
appropriate information in the table.
f. Calculate the average number of SNPs for this gemgprecord in the table.

o

o0

3. Neanderthal vs. Neanderthal
a. Select Neanderthal #1 and Neanderthal #2 to conipa@ustalW alignment. Record
the number of SNPs in the table.
b. Do the same with the other two combinations of Nieathals.
c. Calculate the average number of SNPs for this gemgprecord in the table.

4. Modern Human vs. Chimpanzee

a. Select any modern human to compare with Chimp #2nRhe identifying information
in the table.

b. Compare these two sequences by ClustalW alignr@enint the number of SNPs and
record this number in the table.

c. Repeat steps “a” and “b” using different modern hom

d. Now compare your (or another student’s) sequentte @himp #2 and record the number
of SNPs along with the appropriate identifying imhation.

e. Calculate the average number of SNP’s for this grou
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Student Data NVAE (S)

1. Calculating a Molecular Clock

Archaeologists use a number of different techniqaesstimate the age of fossils. These include
radiocarbon dating, measuring changes in carbomatd$ooth enamel brought about by exposure to
radiation over time, and determining the age ofgbelogical strata in which the fossil was foung. B
dating human fossils discovered in Africa, scidstestimate that modern humans first appeared
approximately 150,000 years ago. Using this vahgethe class average number of differences for
“Modern Humans vs. Modern Humans,” derivenalecular clock,or mutation rate, in
years/mutation. Use the formula below:

150,000 years
______ = years/mutation

mutations

Sequence Server Clustal W Alignments: SNPs

Number of Your Class
Modern Human vs. Modern Human SNPs Average | Average
VS.
------------------------- VS, mmmmmmmmmmmm e
VS.
Student vs. Student

Modern Human vs. Neanderhal

African vs. Neandhal #
Asian vs. Neanderthal#
Europen vs. Neanderthal # ----
Student vs. Neanderthal #

Neanderihal vs. Neanderhal

Neanderthal #1 vs. Neanderthal #2
Neanderthal #1 vs. Neanderthal #3
Neanderthal #2 vs. Neanderthal #3

Modern Human vs. Chimpanze:
\ Chimp #:
vs. Chimp #2
vs. Chimp #2

Student vs. Chimp #2

2. Did Modern Humans Evolve from Neanderthals?

Neanderthal fossils have been discovered in Euaindehe Middle East. Dating the fossils by
radiocarbon decay suggests that Neanderthals ielolaihie European continent as recently as 28,000
years ago. Estimates of when Neanderthal firstagolein Europe are far less precise but many
scientists believe it may have been as long a€0800years ago. Although they are frequently degicte
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as stocky and brutish individuals, Neanderthaleatéor their sick and injured, fashioned stonegpol
used fire, lived and hunted in social units, andgatly buried their dead.

As far as we know, Neanderthals did not inhabiiaeg)far outside the European continent. If
modern Europeans descended from Neanderthals, goldwxpect that Neanderthals would be more
closely related to modern European populations thamy other modern human population in the
world. Based on your “Modern Human vs. Neandertdaka, does it appear as though Europeans or
any other modern world population descended fraar\teanderthals? Explain.

3. Human Neanderthal Divergence

How many years ago did the common ancestor of mdu@mans and Neanderthals live? In the
eguation below, use the average number of diffea®fmutations) you found between modern
humans and Neanderthals and your calculated muitatie above to estimate this number.

Number of years
mutations = Xe------------m-m-m-oo- = years
mutations

4. Did Neanderthals Contribute to the Modern Human mtDNA Gene Pool?

A gene poois the collection of all genes in a population. MeEms of a single gene pool would be
expected to have fewer differences between themwloaild be expected between members of
different gene pools. Did Neanderthals have a s¢pgene pool from that of modern humans? Could
Neanderthals have contributed their mitochondridlAlo the gene pool of modern humans? Use the
comparisons below (4a through 4e) to answer theston.

a. Average difference between Neanderthals =
b. Average difference between modern humans anddéethal =
c. Average difference between modern humans =

d. Theclosestmodern human/Neanderthal alignment discovered by glass showed
differences

e. The two most divergent modern ham discovered by your class showed differences

f. Do you think the Neanderthals used in this stuéymaembers of a single gene pool (assume that
modern humans are of a single gene pool)? Explain.
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g. Do you think Neanderthals contributed their mitondrial DNA to the modern human mtDNA
gene pool? What other data would you want to ansiwe question?

5. A Molecular Clock Based on Chimpanzee/Hominid Mergence
Based on the fossil record, scientists believedhahpanzees and modern humans may have diverged
5,000,000 years ago.

a. Would the molecular clock be different if you ughd time since chimpanzeasi modern hurars
evolved to determine the mutation rate? Calculateva mutation rate using the formula beland the
5 million year divergence estimate.

5,000,000years
...................... years/ mutation
mutations

b. Is this value different than the one you caleadabased on “Modern Human vs. Modern Human”
differences? Explain.

C. Using the mutation rate you calculated in 5a, wthieni‘Mitochondrial Eve,” the
mitochondrialancestor of all modern huans, live? Use the formula below for this
calculation:

years
mutations  Xe--------------------- = years
mutations

How does this estimate compare with the vgfueused to calculate a molecular clock in
Problem 1 (page 16 )?

d. Using the same molecular clock (calculated inta@ve) when did Neanderthals and modern
humans diverge and how does this estimate comp#rdhve value you calculated in Problem 3?
years
mutations = Xe--------------------- = years
mutations
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€. How many mutations would you need between chimpaiand modern humans to give the mutation
rate you calculated in Problem 1? Use the equétebow for your calculation.
5,000,000 years
--------------------- =  _25,000_years/mutation
X mutations

How does this number compare with the average nuoft&NPs your class found for the
“Modern Human vs. Chimpanzee” comparisons and hemwyou account for any discrepancy?

f. Which mutation rate might be more accurate, thevedfrom the modern human/modern harm
comparisons or that derivéiebm the chimpanzee/modern hamtomparisons? Explain.

4. In a balanced centrifuge, spin sample
for 3 minutes.
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