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Why Teach
Polymerase

Chain Reaction
(PCR)?

 Powerful teaching tool

* Real-world connections

e Link to careers and industry
 Tangible results

e Laboratory extensions

e Standards-based
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Scientific Inquiry

Use of PCR and DMA gel
electrophoresis in OHA profiling
Use of positive experimental
controls

Use of bininformatics databases
apply the Hardy-weinberg
equation to student data

Genetics

Mendelian genetics
Homozygous ws. heterozyoous
alleles

Inheritance of dimorphic loci
Genetics of noncoding DNA
Shaort repetitive interspersed
glements (SIMEs)

Cell and Molecular Biology

Eukaryotic cell structure and
arganization

Tissue types for biologiczal
sampling

Chemistry of Life

OMA extraction technigques

CMA replication and PCR

DMA structure, function, and
chermstry

Zhemical properties of biological
rmolecules

Evolution

Function of genetic diversity
Genetic wariation in the hurman
Qenome

Selective advantages of
heterozygous alleles

Environmental and Health Science

Bioinforrmatics to compare class
data to worldwide papulation
data

Molecular genetics to study
hurman rmigration patterns

Ruole, place, limits, and
possibilities of science and
technology
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* Aligns with AP Biology

 Extract genomic DNA and amplify student
samples

e Introduce the polymerase chain reaction
(PCR)

e Apply PCR to population genetics

 Directly measure human diversity at the

.~ = molecular level
el fab i 23 ]
| R.T1l: e Compare results to online data

o Sufficient materials for 8 student
workstations

e Complete activity in three 45 minute
sessions
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Chromosome 16:

PV92 PCR
Informatics Kit

Introduction

Extract genomic DNA and prepare
samples for PCR

Cycle samples

Agarose gel analysis

Hardy-Weinberg analysis

v
Tk
g 0”
»
10
([ J o

Bioinformatics
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Procedure Overview

Obtain hair
follicle cells for
DNA extraction

Add sample to
InstaGene™ matrix
in micro test tube

Or rinse mouth to
obtain cheek cells
for DNA extraction

| Incubate at 56°C for 10 minutes, then vigorous agitation

\v Incubate at 100°C for 6 minutes, then repeat vigorous agitation

&

| '

DNA template preparation

Centrifuge
samples for
5 minutes to
pellet matrix

Day 1

Transfer
supernatant with
genomic DNA to
200 pl PCR tube

Student

Positive Master mix

Add primers
to master mix
containing:

| * Nucleotides
| * Reaction buffer
| * DNA polymerase

DNA samples controls and primers

Place tubes
in thermal cycler
and amplify target
DNA sequence

Day 2

The positive controls
supplied in the kit represent
the three possible student
outcomes.

DNA amplification

12345678

PNOIOLLOND-

Add complete
master mix to
student DNA
samples and
positive controls

DNA molecular mass ruler
Homozygous control (+/+)
Homozygous control (=/=)
Heterozygous control (+/-)
Student sample (~/-)
Student sample (+/4)
Student sample (+/-)
Student sample (=/=)

' Electrophorese PCR samples on agarose gels at 100V for 30 minutes.
Stain with Fast Blast™ DNA stain or ethidium bromide

i Determine student genotypes for Alu insertion and perform
Hardy-Weinberg analysis on class results

Day 3

Web-based bloinformatics
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e DNA replication gone crazy in a test tube!

e Makes millions of copies of a target
sequence from template DNA

e Uses heat-resistant Taq polymerase from
Thermus aquaticus
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Laboratory
Quick Guide

Quick Guide

Lesson 1 Cheek Cell DNA Template Preparation

1. Label ona 1.5 mi micro test woe with your
niltias, Label one scrawcap tue containing
200 i of IngtaGens malre with your intals

2. Obtain & cup contalning &3 clution fram
your mstructor. Four Tie saling Inte your mautn
and rinse vigorously for 30 seconds. Expel the
salne back lo Me cup.

3. Transfer 1 miof your s3ine fnse Ins ihe micr
15t tub= (MOT Ihe serewesap tub=) with your
niEE. T3 P-1000 microppet IS not avalabie,
carafully pour ~1 mi of your 53line mse Inta
your miera lest Lo (use T2 graouations on the
side of the micro test wbe 1o esiimate 1 mi)

4. Spin your fube in 3 balancad centrifuge at full
speed for 2 minutes. When the canirfuge has
compiletaly stopped, remowe your wDe. You
Enouid S22 3 maten-nead szed pellet of whitisn
celis at the battom of the tube. I you gon't ses
a pellet of inls sz, dzcant ine salne, refil your
{ube with more of your oral ings, and repeat the
5pin.

o

. Afer pelleting your cells. pour off the saline.
Being careful not o loge your pelel, biot your
1ub= oriety on 3 paper towel or HEsUE. IFE 0%
for @ small amourt of 530N j< 50 4. about the
5ame size 3g your pelist) to reman in e
DoTom of the e

™

Resuspend Mz pedlel by vanasing or fllcking the
b2 50 Mak no clumps of celis remain

Using a 2-20 il adjustabie-voiume micropipet
5et 100 20 i, transter all of your resuspended
) the screwcap tube contalning

8. Screw e cap tightly on e fube. Shaks or
vorx ko mix the tue conlents.

=7

Cantrifsgs
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1. Twist dial to desired volume

\ F‘ 2. Pick up pipet tip
/ 3. Press plunger to first, soft stop
3
4. Insert pipet tip into solution to be
T transferred

a

. Slowly release plunger to retrieve liquid

(=)

. Move pipet tip into desired tube

7. Press plunger past first stop to second,
hard stop to transfer liquid
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Genoml_c DNA . InstaGene™ - Chelex® cation exchange
Extraction resin; binds cellular magnesium ions

e 56°C - loosens connective tissue and
inactivates DNAses

e 100°C - ruptures cell membranes and
denatures proteins
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Cell membrane

Nuclear membrane

/Mg++
Genomic DNA

++
++ M
Mg Mg

\

Heat disrupts membranes Mg**

Mg++

InstaGene matrix binds
Mg** released cellular Mg**
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Template (the DNA you want to amplify for
the study)

Sequence-specific primers flanking the
target sequence:

5>\ 3’ S .. ,3’
: @ ====mmEmmm

] Forward primeg Reverse primer y

3 Ws, > 5

Nucleotides (dATP, dCTP, dGTP, dTTP)
Magnesium ions (enzyme cofactor)
Buffer, containing salt

Taq polymerase
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How Does
PCR Work?

Heat (94°C) to denature DNA strands

Cool (60°C) to anneal primers to template

Warm (72°C) to activate Taq polymerase,
which extends primers and replicates DNA

Repeat multiple cycles
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Heat causes DNA strands to separate

S5’ 3’

3,

1 Denaturation of DNA at 94°C

5 \ A\~ N J’

3\ N 5
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 Primers bind to the template sequence
e Taq polymerase binds to double-stranded substrate

5 \ A \AN N 3

3\ \AN VAV X

1 Primers anneal at 60°C

S Vave I 2
5’ 3’ 3 5’

3!W\||||||||||| Ws!
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e Taq polymerase extends primer
e DNA is replicated

3,
S’ NN T v
5’ 3, &1, 5,
39 \ AT ) A 5
l Extends at 72°C
VAV S | B B 2

5’ —_— 3 3;(_\ 5’

»

3,W\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\/' ’\/\/5,
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is
Made in the
Third Cycle

5,W;, 3,:OIIIIIIIIIIIIIIIIIIIIIIIIII5,W3,

3’WA|||||||||||||||||||||||||||f)3, N D’
3,
5,I‘LIIIIIIIIIIIIIIIIIIIIIIIIIIIIII,W
y < 5
S TTTTTT >3
3NN 5’
3’ 5’
5 (CITTTT] .3
3 .. 5’

5!
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JQQOV.......

The
Sequence

e PV92 A/u insertion
e Located on Chromosome 16

& /M —

Alu

Amplified Region
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PV92 Alu

A member of A/urepeat family

Human-specific A/uinsertion

Found in a non-coding region of your DNA
diagnostic for any disease or disorder

Alu —

Amplified Region
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PCR
No insertion: 641 bp
e The PV92 Aluis — N
dimorphic so there are N —
two possible PCR
products:
With Alu: 941 bp
300 bp A/uinsert
— N
|
N 641 bp "
5 /V\ — Alu - /M\ 3

Amplified Region
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Alu
PCR Results

+ - +/-
- —
641bp =p . Wy -
+ = +/-
T e e —
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Alu

e Classified as SINEs (Short Interspersed
Repetitive Element)

* Mobilized by an RNA polymerase-derived
intermediate (retroposition)

e Approx. 500,000 A/u copies per haploid
genome, representing about 5% of the
genome

* Named for the A/ul restriction site within
the element
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of PV92 Alu  Highly conserved

Inserts
e Inserted in the last 1,000,000 years

e Genotypes (+/+, +/-, —/-)

* Used in population genetics, paternity
analysis, and forensics
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of Alu - e Amplify A/u insert from representative
Frequency in sample population

a population

e Calculate the expected allelic and
genotypic frequencies

e Perform Chi-square test
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o b serve d Genotype +/+ +/- -/ Total (N)
GeHOtyp|c # of People 25 5 8 38
FrequeI‘CIes Observed 0.66 0.13 0.21 1.00

Frequency

+/+ Genotypic — _Number with genotype
frequency - Population total (N)

25
38



Allelic
Frequencies

p — Frequency —

— of + alleles

Number of + alleles

25 individuals with two + alleles = 50 + alleles
5 individuals with one + allele =5 + alleles
Total = + alleles

Total number of alleles

2N = 2(38) =

Numberof + alleles _—_ 55 __

— Total number alleles ™ 76 —

= therefore since
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Aluand P :
Population
p pp Pq +/+ = p?
+/- =
2pq
-- = g3
q Pq aq

Hardy-Weinberg Equation



Biotechnology

Using the
Hardy-
Weinberg
Equation to
Determine

(p?, 2pq, g2 values)

+ +
+ +
+ +

p2

0.52 2pq=0.40 qg2=

0.08
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Calculate
Genot Populati
frequency X total (N)T = Cxbected
+4+ () X =
o
s */-(2pq) X —
2 —
L)
®

=I- ()
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Test

is
above 5.9 so
the observed
genotypic
frequencies
are not in
genetic
equilibrium

critical value (from statistics table) =

(Observed - Expected)?
Expected

X2 =

(O-E)?
Observed Expected E

adAjouan
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Allele Server
(1 of 17)

Cold Springs Harbor Laboratory

Web site:
http://www.dnalc.org/
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Scroll through DNALC internet sites
until BioServers Link appears

The source for timely information about genes in your life Media Showcase

GENE

oll over thumbnails to

'ALMANAC - A\

Episoc » 5:
Medla Search Genor ‘e Scans
Pay Of.

myDNAI

Missing gene makes mice compulsive

And a hush fell over

the genome...
Visit our newest site, Silencing Genomes,
for laboratory and bioinformatics exercises
on RNA Interference in C. elegans.

ABOUT THE DNALC

STUDENT CAMPS

EDUCATOR TRAINING

FIELD TRIPS & MEMBERSHIP

1 } ORATORY SATURDAY DNA!
DOLAN DNA LEARNING CENTER EXHIBITION & MORE

DIRECTIONS
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Allele Server
(30f17)

RESOURCES...
The source for timely information about genes in your life Media Showcase

. . GENE alll
Click on Bioservers ALMANAC s 4

e Episode 5:
!\-led'la slna rch Genome Scans
DNALC INTERNET SITES: info... ' e. [GO1 Pay Off
! = =

Bioservers is a suite of bicinformatics tools
designed for students, Sequence Server and
Allele Server access DNALC datasets, search
external databases, and manipulate
polymorphism collections. Simulation Server is
a statistical program that models population
genetics. Learm i

And a hush fell over E !
th =

e genome...
Wisit our newest site, Silencing Genomes,
for laboratory and bicinformatics exercises
on RNA interference in C. elegans.

I

J—

ABOUT THE DNALC
STUDENT CAMPS
EDUCATOR TRAINING
FIELD TRIPS & MEMBERSHIP
SATURDAY DNA!

DOLAN DNA LEARNING CENTER EXHIBITION & MORE

DIRECTIONS
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Allele Server
(4 of 17)

BioServers osoft Internet Explorer

File Edit Yiew Favorites Tools Help

O Back ~ J Iﬂ Ig . 7 I'search = ¢ - - ?:,
E nte r th e Al | e | e S e rver Address -G:I http: /v bioservers. org bioserver/ 3 a Go ks ®

-~
JLAN DMNA LEABRNING CENTER
Custom Workspaces and
Educational Databases for Bioinformatics
This site contains user-friendly tools to launch DNA
database searches, statistical analyses, and population
modeling from a centralized workspace. Educational
databases support investigations of an Al insertion
polymorphism on human chromosame 16 and single
nucleotide polymorphisms {SKNPs) in the human
mitochondrial control region. This site requires Java,
Javascript, and cookies - click here to test that you have
these features enabled.
“QUENCE A SIvV N
FQUENCE ALLELE SIMULATION
.' U ER e N\ ER W/
SNQVER =L SERVER SERVER
Entar DNA sequences, orm Enter data on Afy PYW9Z, test Model genetic changes aver time to
multiple sequence align <, Hardy-Weinberg equilibrium, and  study the effects of drift, selective
generate phylagentic trees, cormpare hurman populations by pressure, and population
search Genbank by BLAST and contingency chi-square, ganetic bottlenecks. The Monte Catlo
keywords, Includes mitochondrial drift, and genetic distance, generator can test 100 or more
reference data from world rcdudes PYI2 reference data populations at ance and link
populations, andent humans, and rnare than 40 warld expetiments using differant
other organizms. p tions. parametars.
Mo login feature available,
REGISTER REGISTER ENTER: Y¥ou have access to all
tools and databases, but your
Username: Usernarme: work is not saved between
sessions, v

g'] Done ® Internet
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Allele Server
(5 Of l 7) 3 Student Allele Server, - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help o

OBack > Iﬂ Ig _;‘ - Tearch .,\ Favirites ﬂ:‘Media &< - & -
1 Address :&']http:waw.bioservers.Drg,ihtmlfsad,l’sad‘html A4 a Go Links **
Click on Manage Groups . Hie

©

ALLFLI

“ou are logged in as: Kirk Brown,
If you are not Kirk Brown, click
here,

N
LN

> ( MANAGE GEOUPS )

Help window?

ves @ no O

{Eﬁ COMPAERF | chi-Square v CLF AR Chi-Zquare v AHALVZE @

Return to BioServers

&;’] Done ® Internet
F—

1y start AJ student Allel
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Address [@&] http: v, bioser]

Favorites @Media & L = - v

- =

2 Select Allele Group - Microsoft Internet Exploren

ALLETI A L
%I I \ I J \l \ \( I = “You ate logged in as: Kirk Brown.
e eC ro u p i If you are not Kirk Brown, dlick
hers,
Classes
Return to BioServers Help ;\indow?{\
Date Classes Institution Location Yes KMo
y ) Chi-3 v 5
(?JJ M [] ba/07/2002 AUM2001 Auburn University  Montgomery, requare AHALYZE 'JLL?_\
Mantgomery AL, USA
[ 0z/07/2002 AUM2002 Auburn University Montgomery,
Mantgomery AL, USA
| [] 03/04/2002 biol 445 |
[] 03/04/2002 biol445b
[] b3/04/2002 Layd Bio 02 St. Ignatius San Francisco
College Prep Ch, USA
[] 03/01/2002 Hong's Alu test DMALT MY, MY, US4
[] D3/01/2002 Laocust Yalley HS Locust Yalley NY, WY, USA
< >

-ﬁ'] jarvascriptivoid(T); B Internet
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(7 of 17) B - [5[x]

Oﬁatk - Q - ﬂ ﬂ ¢ ) search “:'V\"Favur\tes @ e &< - - ko

Adldress | &) http: ffum biaservers.argihtmisad/sad bt v B ks *

Scroll Down to Select e
“Your Group”

“ou are logged in as: Kirk Brown. If you ars
not Kirk Brown, dick here.

2 Select Allele Group - Microsoft Internet Explorer,

Help window?
ves @ o O

chi-squae v ANALYZE @

Your Groups

i

COMPARE]| e

vou have not created any qroups. Click on 'Add Group' to create a

group.
ADD GROUP

&] javascript woid(0); & Internet
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(9 of 17) B - 5 ]x]

Qo - @ - [#] [B] (0 Osach Spravontss @ ueds £ Mp=N - ko1

Address | ] http:fwems. bioservers orgfhtmljsadysad. bl v Do
Fill Out Form N
SERVER

Return to Biofervers

Links >

Vou are logged in as: Kirk Brown. If you are
ot Kirk Broun, click hers

"5 Add Gr- _y - Microsoft Internet Explorer, Help windaw?

ves @ ne O
, CREATE GROU

New Group

Chi-Sguare 3 AHA LVZE

2 COMPARE] cn

You must give your group a name, and choose whether it is private
(only for you to see) or public (will appear in the "Classes" section
of the database):

Name

Type Private

The follawing fields are optional:

Institution

City

State

GCountry
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(10 of 17)

Click on Edit Group —L AL

(2

Qs - © - [¥ @ &

Adcress ] http: {funn bioservers.argihtml/sadisad himl

Search “_V\"Favur\tes O vedis 2 -l - b

- [=[x]

SERVEI

@ goaruers

{?d] COMPARE]| e

2 Select Allele Group - Microsoft Internet Explorer,

n MANAGE GREOUPS

Your Groups %
Your Groups

Date

[ 03710/2002 Kirk Brown
ADD GROUP

EDIT GROUP

v B ks »

Sl
“ou are logged in as: Kirk Brown. If you ars
not Kirk Brown, dick here.

Help window?

ves @ o O

chi-squae v ANALYZE @

B Internet
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Allele Server
(11 of 17)

B

Edit Your Group

) 22 E-8
Address | ] hktp:fjuman. bioservers.orgjhtmijsad/sad.html
ALLELI

SERVE-

Return to BioServers

7y COMPARE[ <

—)

“ou are logged in as: Kirk Brown. If you ars
not Kirk Brawn, dick hers

GROUP

INDIVIDUALS

Help window?

You must give your group a name, and choose whether it is private

ves @ o O
Chi-Square v
{only for you to see) or public {will appear in the "Classes" section
of the database):
f name Kirk Brown
Kirk Brown Type

Private ¥
The following fields are optional
Institution

Tracy High Schaol
Gity

Tracy
State

CA

Gountry

USA
Your
Email

kbrown{@tusd.net

If you want your students to be able to enter data using the "add
Qata" button, enter a password in the password field below. Vou wi

&] Done

B Internet
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B ﬂﬂfd]
Oﬁatk - Q - ﬂ ﬂ ¢ ) search “:'V\"Favur\tes @I‘Medua £ - - ‘3 |
fuldess | &) hetp: o, bioservers.orgjhtmijsad/sad bl = e ks =
- . ALLELI 7]
Click on Individuals Tab _ St SR T O i =
{

not Kirk Brown, dick here,
dividua 050 ernet Explore ][] Help window?
Return to BisSerusrs L ves @ ne O
3 FOIT G ROUT CILUD, /TNOIVIDUALS

@ lLoul D Add Individual(s) onisquere | AIAINVZE| (7

i Label (optionaly
Genotype +i+ ¥

Gender Unknown %
Maternal Origin | all

Paternal Origin | al

&] Done
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(13 of 17) B

- [=]x]
'i‘:l
Oﬁatk - Q - ﬂ ﬂ ¢ ) seard h \;7\" FFFFFFFFF @ e &< - - ko
fuldess | &) hetp: o, bioservers.orgjhtmijsad/sad bl v B ks *
Add Each Student’s ST o ke
\SI I\ I | @ ﬂﬂd You are \ongng!a}gr:«n;;E‘:w:jﬂé:mu:a.lf you sre

I n fo rl I Iatl O n ( | 2 Edit Individuals - Microsoft Internet Explorer A Help window?
aaaaaaaaaaaaaaaaaa L ves @ ne O
MI\II(—I(H /CROUP, /TNOVIDUALS

Add as much information G| COMPARE|

[ —

as possible: —_—

Chi-Square ~ AHALVZE @

Maternal Origin | all

» Genotype (+/+, +/—. —/-)
 Gender
* Personal Information

—
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(2

.;;.
Oﬁatk - Q - ﬂ ﬂ ¢ ) search “:'V\"Favur\tes @ e &< - - ko

Adcress ] http: {funn bioservers.argihtml/sadisad himl

Click on Done T <o

\Sl EVEE ( S Lo You are logged in ss: Kirk Brown " you ars

not Kirk Brown, dick here.

Help window?
Raturn to BioServers

ves @ o O

i

COMPARE[S | p4q Individual(s) ovsqee ] ANALYZE ()

i Label (optionaly

Genotype +i+ ¥

Gender Unknown %
Maternal Origin | all

Paternal Origin | al

B Internet
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Select and then Click OK

(2

Q- O XN

Adcress ] http: {funn bioservers.argihtml/sadisad himl

g ) mach P

Favorites @I‘Medua £

- [=[x]

v B ks »

N

&] Done

ALLELI

SERVEI

Return to BiaSaruers

Kirk Brown

2 Select Allele Group - Microsoft Internet Explorer,

MANAGE (G EOUPS

Your Groups
Date Your Groups

03/10/2002 Kirk Brown

ADD GROUP

VIEW | EDIT GROUP

Hjs

“ou are logged in as: Kirk Brown. If you ars
not Kirk Brown, dick here.

Help window?
ves @ o O

| ANAIVZE| 7

o |

Chi-Square

B Internet




Biotechnoogy.

=X

Allele Server
(16 of 17)

Analyze Data

<3 Student Allele Server - Microsoft Internet Explorer g@@

File Edi View Favortes Tools Help i

OBack - Q d ﬂ , ) seatch ':\': Favorites Q_IJ‘Medna £ - @ ‘13

fddress ] http: v, biservers.orgihtmljsadjsad.html

ALLELI

SFRVER __Aob A | ons are g i 251 ik Brom, 7 you re

QULEY DATABASE not Kirk Brown, dick here.
~ —— Help window?
Rieturn to BioServers MARAGE CROLPS ves & ne O

{?IJ] COMPAEEFE || chi-Squars - CLEAR Chi-Square @

Kirk Brown _OPEN] /
2: Then Click Here /
1: Click Here First

&) Done & Internet

vy start
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Allele Server
(17 of 17)

Click on the Terse and
Verbose Tabs to Review _|_
Data Results

(2

Oﬁatk ° 4 ﬂ ﬂ . - search \;7\"

Adcress ] http: {funn bioservers.argihtml/sadisad himl

Favorites @I‘Medua £

- [=[x]

v B ks »

A
SI I|.I-\I |I |I. ‘7
(‘ n

Observed

Total samples: 7

Expected

Total samples: 7

+ alleles: 7 + alleles: 7
- alleles: 7 - alleles: 7
0.29; 0.25
0.43; 0.50
0.29; 0.25
g g
- .
- -
-r- e
pe s
e /%

{?d] COMPARE || chi-say

Kirk Brown (OPEN
iy
+/-
/-

Done

Hjs

“ou are logged in as: Kirk Brown. If you ars
not Kirk Brown, dick here.

Help window?
ves @ o O

| ANAIVZE| 7

o |

Chi-Square

B Internet




Biotechnology.

=Xxplorer

e Add each class separately and compare to
see if the classes different from each other

e Compare your group to other existing
groups

e Have students do manual calculations first
and then compare to the computer
generated version



