
They Come in Pairs: 
Addressing Student 

Misconceptions About 
Chromosomes

#carolinaNSTA



Student	  misconcep8ons	  about	  cell	  
division	  are	  well	  documented.	  

hJp://assessment.aaas.org/pages/references	  



What	  are	  the	  misconcep8ons?	  



So	  what? 	  



Sock Models



Building Toward 3-Dimensional Learning

Scientific and 
Engineering Practices

Disciplinary 
Core Ideas

Crosscutting 
Concepts

Developing and using 
models
• Develop a complex 

model of chromosomes 
that allows for 
manipulation and 
testing of a proposed 
process for DNA 
replication.

LS 3: Heredity:
Inheritance and variation 
of traits

• Patterns: Students will cite 
chromosome patterns 
during DNA replication and 
use the evidence to support 
their explanation of 
inheritance.

• Structure and function: 
Students will investigate the 
structure of chromosomes 
and infer the function of 
chromosomes during DNA 
replication.1

1. NGSS Lead States, Next Generation Science Standards: For States, By States (Washington, DC: 
The National Academies Press, 2013), retrieved from www.nextgenscience.org or ngss.nsta.org.



Learning Context
• Middle School Life Science—Genetics
• High School Life Science—Mendelian

genetics, inheritance and variation,
DNA replication, monohybrid crosses,
dihybrid crosses

• Anatomy and Physiology—Genetics,
inheritance and variation, DNA
replication

• Genetics—Meiosis, Mendelian
genetics, inheritance and variation,
DNA replication, monohybrid crosses,
dihybrid crosses, replication
malfunctions



What	  exactly	  is	  a	  chromosome?	  



What is a chromosome?

Where is DNA located?



Fun	  Fact	  
Early	  karyotyping	  
protocols	  produced	  
stained	  chromosomes	  
where	  the	  sister	  
chroma8ds	  were	  
separated,	  resul8ng	  in	  
the	  “X”	  shape.	  Modern	  
laboratory	  techniques	  
result	  in	  chromosomes	  
where	  sister	  chroma8ds	  
are	  8ghtly	  pressed	  
together,	  appearing	  
more	  like	  an	  “I”.	  



DNA 
Replication Meiosis I Meiosis II



DNA Replication
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Why is replication important?



DNA Replication

Replication does not increase the chromosome number.



The Sock Organism

How many chromosomes does this 
organism have?
	  
What is the “ploidy” of this organism?

Remove the ChromoSock® socks
from your bag and arrange them 
on your desk as if they were in a 
cell’s nucleus.  



What event must occur before a cell 
can enter meiosis?

Use the 2nd bag of ChromoSock® socks to replicate 
the genetic information inside your cell. 

Use a rubber band to hold sister chromatids 
together. 

What chromosome structure do the 
rubber bands represent?



- DNA replication



What is a centromere?
•  The centromere is a highly repetitive 

region of DNA that provides 
attachment points for the 
kinetochore. 

•  The kinetochore is a complex of 
proteins that interacts with both the 
centromeric DNA and the 
microtubules that are responsible 
for chromosome alignment and 
movement. 

•  Centromeres may or may not be 
centrally located

•  Centromeric DNA is present at all 
time, not exclusively during cell 
division



How	  many	  chromosomes?	  

Vocabulary	  
•  Copied	  
•  Duplicated	  
•  Monad	  vs	  dyad	  
•  doubled	  



DNA Replication

Replication does not increase the chromosome number.



Think about it like this…



Replication vs. Ploidy Changes

Diploid Tetraploid



DNA Replication
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Why is replication important?



Replica8on	  

Correct	   Incorrect	  



Many	  common	  misconcep8ons	  
about	  chromosome	  replica8on.	  

•  DNA	  replica8on	  
occurs	  during	  S	  
phase	  	  

•  Division	  (in	  this	  
case	  meiosis)	  
happens	  later	  

	  



Prophase	  I	  

So	  much	  is	  right,	  but….	  
Replicated	  chromosomes	  not	  
a<ached.	  



Metaphase	  I	  
Incorrect	   Correct	  



Anaphase	  I	  

Students	  oZen	  aJempt	  to	  
separate	  sister	  chroma8ds.	  
Centromeres	  remain	  intact	  
and	  sister	  chroma8ds	  stay	  
aJached.	  Homologs	  are	  
separated	  at	  this	  point.	  	  

Correct	  



Telophase/Cytokinesis	  

Incorrect 	  	  
Most	  of	  the	  
inappropriate	  sock	  
movements	  at	  this	  stage	  
are	  results	  of	  earlier	  
errors	  

Correct	  



Meiosis	  II	  
Move	  your	  socks	  through	  these	  
stages	  

•  Prophase	  II	  
•  Metaphase	  II	  
•  Anaphase	  II	  
•  Telophase	  II	  
	  
Cytokinesis	  

Iden8fy	  the	  areas	  where	  
students	  may	  have	  
misconcep8ons	  and	  predict	  
how	  those	  misconcep8ons	  are	  
exposed	  by	  sock	  movement.	  



Telophase	  II/Cytokinesis	  

Carefully,	  repack	  the	  bags-‐	  Ff,	  Bb,	  Nn	  



•  Prior	  to	  instruc8on	  

•  Use	  to	  reveal	  misconcep8ons	  

•  Don’t	  Grade	  Glinks	  
	  



What if meiosis doesn’t go as planned?

At what points in the meiosis process might an error 
occur?


•  Homologous chromosomes may not separate 

properly in Meiosis I

•  Sister chromatids may not separate properly in 
Meiosis II

•  Cell may fail to undergo cytokinesis



What if meiosis doesn’t go as planned?

The failure of homologs or sister chromatids 
to separate is called nondisjunction.



Nondisjunction results in cells with extra or 

missing chromosomes. 



Modeling 
Nondisjunction

Replicated homologous 
chromosomes line up along 
middle of cell

Homologous chromosomes 
separate to opposite sides 
of the cell

Nondisjunction event

2 copies of 
the largest 
chromosome

No copies of 
the largest 
chromosome



Sister chromatids 
line up along 
middle of cell

Sister 
chromatids 
separate to 

opposite sides of 
the cell



Common	  Nondisjunc8on	  
Misconcep8on	  



•  Socks	  work—cards	  not	  so	  much	  
•  Be	  prepared	  for	  resistance	  
•  Addressing	  cell	  division	  
misconcep8ons	  takes	  8me	  

•  Be	  careful	  adding	  too	  much	  to	  
the	  model	  at	  first	  



Youtube.com/HudsonAlphaIns8tute	  



Hudsonalpha.org	  
– Madelene	  LoZin	  
– mloZin@hudsonalpha.org	  
– @MadLoZin	  
	  
This	  presenta8on	  was	  designed	  by	  the	  HudsonAlpha	  Ins8tute	  for	  Biotechnology	  in	  Huntsville,	  AL	  all	  
rights	  reserved	  ©	  2015.	  



Carolina Offers Free Resources to Support Teachers



Evaluations: Share Your Thoughts!

We are striving to make our 
workshops great!

Please evaluate this session and presenter on a scale from 
0 to 10 (10 = best).



Please help us reset the room
by gathering your belongings
and exiting between sessions.

THANK YOU!




