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Unraveling Multiple
Representations of
Chromosomes to Reveal Student
Thinking

Presenter: Chris Chou

Longmont High School (Longmont, CO)
Mrs.Chou@gmail.com
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Workshop Learning Goals

* Model chromosome structure and anatomy

 Compare and contrast mitosis and melosis

* Model mechanisms that contribute to genetic
variation

» Construct Punnett squares to connect inheritance
of traits to chromosomes at the molecular level
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Which
grades/subjects
do you teach?
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Why Models

Pty T A
£ e N R

357 ge S
P K725 S0NE S LA ALy st

2 f.\lv o - - t | ., Ve .. q \... i l. b o 3
- P . _ - A . 4.,



il

" % ’ : O\ 101 (\.. 0% ' Y
: ’.l

y v:'_‘\ (‘

', . o 4 - :‘v p .‘
e ok S S i DR
esigns N AT L £295%

Vs ‘AA-”%.

Chromosome Connections Kit®
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Chromosome Connections Kit®
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Let’s construct a model of a chromosome.

What do you notice? What do you wonder?
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Let’s focus on this
particular part of the model.

What do you notice?
What do you wonder?



Organization of Eukaryotic Chromosomes
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DNA double
helix

DNA wrapped
around histone

Nucleosomes
coiled into a
chromatin
fiber

Further
condensation
of chromatin

Duplicated
chromosome
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Comparing Chromosomes: ;

Microscopic Scale vs. Molecular Scale

Microscopic Scale Molecular Scale
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Construct 6 chromosomes:




it

olecular
Homologous chromosomes Blopk

f \ Maternal

Telomere «— _ chromosomes

Centromere —» {

Telomere Paternal
chromosomes @
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Human Karyotype
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What happens to chromosomes during

ISION?
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What happens to
chromosomes before a cell
ivides?
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Each chromosome = 2 identical sister chromatids

it

chromosome chromosome Homologous
(replicated) (replicated)

chromosomes
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] glecular

Parent Cell Chromosomes

animal cell

chromosome

Diploid Cell
2n =6

(nucleus)
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Anaphase

Telophase






http://drive.google.com/file/d/1iUv09hwDknZCBfbskpxIexH8zQltCCBO/view
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Move your chromosomes to
model the process of Mitosis

Metaphase

Anaphase Telophase
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e As alearner, what are some “Aha
Moments” that arose for you during this
activity?

e What are some things you wondered
about as you modeled mitosis?

e What are some driving questions that
you could pose to your class where this
activity would be useful as you
investigate a specific problem?
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Questions to ask your students:

e How do the daughter cells compare to the original
parent cell?

e How many chromosomes were in each parent cell?

e How many chromatids were in the cell during
prophase?

e How many chromosomes are in each daughter cell?
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Meiosis

Prophase Il
(n=2)

Metaphase ||

Anaphase ||

Telophase |l

Cytokinesis
(n=2)
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Interphase Prophase |
DNA
Replication
>
replicated chromosomes pairing of homologous
(chromatin condenses to chromosomes

form chromosomes) (25)
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Prophase | - Crossing Over

crossing over between non-
sister chromatids
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Crossing Over
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mOdEI? useful.
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Crossing Over

Molecular Scale
Microscopic Scale
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Resulting chromosomes in a single crossing over event. @
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How does Metaphase (in Mitosis)
differ from Metaphase | (in Meiosis)?

Mitosis - Metaphase Meiosis - Metaphase |






http://drive.google.com/file/d/1xqEtQYXSZM4GJORgzJQOAPcfIhjW0N0G/view

Move your chromosomes to model
2 divisions: Meiosis | and Meiosis I
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Prophase |

Prophase Il
(2n=4) (n=2)
Metaphase | Metaphase |
Anaphase |
Anaphase ||
Telophase |
Telophase ||
/k Cytokinesis Cytokinesis

(n=2) (n=2)
——— Meiosis ||
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Telophase |
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Prophase Il

Metaphase Il

Anaphase il

Telophase Il
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What are some “Aha Moments”
you experienced as a learner
during this activity?
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e What are some probing questions that
you might ask your students as they
model the process of meiosis?

e What are some specific tasks you could
you ask your students to do to
demonstrate their understanding of
meiosis?
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Genetic Variation: Law of Independent
Assortment

2n (diploid number of chromosomes) = 6

n (haploid number of chromosomes) = 3

Parent Cell Chromosomes

2" (number of possible chromosome combinations after
meiosis) = 8

-

Possible Gametes @
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Nondisjunction in Meiosis |

Parent Cell Chromosomes Possible Daughter Cell Chromosomes

n+1=4 ’ ‘

2n

"
(o))
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Nondisjunction: Philadelphia Chromosome P

Microscopic Scale Molecular Scale

=t

Chromosome
#22

Chromosome
49 Chromosome

#22

Philadelphia
Chromosome

Chromosome
#9

Formation of a new gene (BCR-ABL) - Chronic myelogenous leukemia
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Case Study: Sickle Cell Anemia
Constructing Punnett Squares

A a
A|AA | Aa 3
al| Aa| aa

Ay
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Chromosome
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Heterozygous Alleles

RCAAGGGAC
SAGARAGAT
SCARAGAMR
itaatacac
zgccctott
ACGATCCAG
SCCAGACTC
RATGGCCTG
STGCCCAGG

TGGGGCTTGA
ATTTATCTTC
CCAAGGAGCA
acacatgcac
ctctttgete
GOCGGTGOGE
CAGACCACGG
AGACCACAGA
GCCACTCACT

AGAGH
ATGGT
AGGAC

aaaca

caggt
ATGAC
TAGAT
AACTC
TTAGH

Homozygous Alleles

Allele & Chromosome < DNA Sequence
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HBB Gene - Beta-globin protein

Chromosome 11

| @ —HBB
11p15.5
2
- — 11pi1.11
— 11g12.1
red blood cell
4 B chain
helical shape of the
polypeptide molecule
— 11g25
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Let’s return to our original model of a chromosome.

The DNA sequence shown is a portion of the HBB gene.

What would happen if there was a mutation?
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Let’s examine a point mutation in
Codon 6 of the HBB gene

!

3’GGACTCkTC 5’

5 CCT

|GAGGAG3’

Codon 6

3'GGACAC‘CTC 5’
5 CCTIGT3|IGAG 3

GAG - GTG
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The model of the DNA sequence can be
used to show a point mutation

Paternal Chromosome

Maternal Chromosome
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Let’s focus on Codon 6.

Paternal Chromosome

Maternal Chromosome
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Let’s focus on Codon 6.

Paternal Chromosome

Maternal Chromosome
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Mutation = Change in DNA sequence

Normal Missense Mutation

Partial DNA Sequence {I:";:T IGJf*(I:" GAG CCT GTG GAG
of Beta Globin Gene: GGAI| CTC CTC GG A C AC CTC

Partial RNA Sequence:CCU GAG GAG CCU GUG GAG

Partial Amino Acid
Sequence for Beta Eluhin:-_-_-

(

Red Blood Cell: .
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Normal Abnorlms!
Hemoglobin Hemoglobin

P Px AR
:W\&"%‘ﬁ A0
glutamic acid )33 "ﬁ""o"\'-‘% R
Normal cell: [ -
hydrophilic

Sickle cell:
hydrophobic

valine




NORMAL RBC

Normal
hemoglobin
molecules

SICKLED RBC

Abnormal
hemoglobin
molecules

© AboutKidsHealth.ca
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Normal capillary
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Sickle Cell Anemia
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Normal Hemoglobin

Abnormal Hemoglobin
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Point mutations (on autosomes)

can be found on paternal or
maternal chromosomes

CAC CTC CAC

CTC
GTG GAG GTG

GAG

Paternal Chromosome Maternal Chromosome
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CTC
GAG

Allele Designations
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CAC
GTG

CTC
GAG

CAC
GTG

olecular
esigns

Paternal Chromosome Maternal Chromosome
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Possible Allele Combinations

CTC
GAG

CTC
GAG

CTC
GAG

CAC
GTG

CAC
GTG

CAC
GTG

Normal (not affected by

or

sickle cell disease)

CTC
GAG

CAC
GTG

Carrier (sickle
cell trait)

Affected with sickle cell disease
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Model a cross between an unaffected “carrier” parent
(heterozygous) with an affected parent (homozygous for
sickle cell disease) using the mini DNA sequences

dd
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Aa X aa
Ml 111 L L
What are the possible m
combinations of alleles

MWL WL

(DNA sequences) that (Aa) (Aa)

their children could
inherit?

T TL|TITL

(aa) (aa)
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What are other ways in
which these models could
be used to help students
make connections to the
molecular world?
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Description
Conceptual understanding skyrockets as you invite students to investigate chromosomes at the

microscopic and the molecular scales! You will love the versatility of this kit as you explore the cell cycle,
size as those in the Flow of Genetic
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Educator Keys
You'll need an educator account to have access to our keys.

|

5.

Home —» Collaborative Ki Create Your Account

sions, deletions and duplications

Already have an account? Click here to enter your Educator Credentials

enetic Information Kit® to provide

more versatility for teac

Content & Assembly Instructions

Classroom Resources
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3dmoleculardesigns.com
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Bring an empty suitcase!

Summer Courses 2024 You'll take home all these

classroom resources!

.

Join us at 3D Molecular Designs in Milwaukee, WI

Modeling the Molecular World
® Session 1: July 29 - August 2

® Session 2: August 5-9
Early Bird Pricing: $900 $750
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Summer Courses 2024

Join us at 3D Molecular Designs in Milwaukee, WI

Scan to Register for
Summer 2024 Courses!




= 3] lecular

— Transforming Science Learning

Take this survey for a chance to
win a $50 gift card!

Thank you for attending
this session!

Please come back and join us for our last
session!

Presenter: Chris Chou
Mrs.Chou@gmail.com
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