M ‘CREC Curriculum
Sublect: Biology Unit:  Inheritance and Variation of Traits

Grade: 10th Grade Pacing: 6 weeks

Overview & Instructional Plan

i Sl | _ « How do organisms pass fraits from one generation to the nexi?
Essential Quesﬂpn(g} ; o How do multicellular organisms go from a one-celled fertilized zygote to a multicellular organism with specialized
X i / tissues?
) How do multicellular organisms create sex cells that pass their genes onto their offspring?
What is the importance of predicting how often a trait is seen in a population?
What are the implications of aliered genetic information?
Why might knowledge of genetics be useful to us and to scientists?
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An orgonism's traits ore determined by (s genes, which ore inharited from the organism's pareni(s)
Mitosis results in new calls that are genatically identical to each other and the original starting cell.
Meiosis results in gametes that contain only half the genes of the original starting cell.
Mutations, which can occur during replication of the DNA in meiosis/mitosis or can be caused by environmental
conditions, can result in changes in the traits of an organism,
e Genes can be regulated, and ihis regulation can cause the cells where it occurs fo differentiate.
y fr i ' e Environmental factors can be used to predict how common specific traits are in a region.
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DT J Performance Expectations:
Standards Primary: HS-LS3-1, HS-LS1-4, HS-1S3-2, HS-LS3-3
! } Secondary: HS-ETS1-3

i
i NGSS Science and Engineering Practices
; } " Constructing Explanations and Designing Solutions; Analyzing and Interpreting Data; Engaging in Argument

e from Evidence; Developing and Using Models; Asking Questions and Defining Problems

raun ;

s Cross Cutting Concepts:

fey " Systems and System Models; Cause and Effect; Scale, Proportion and Quantity
! 5 j - Essential skills: CT, CC, I, SD

In Tanzania, having albinism can be dangerous. People born with albinism, commonly to parents without
albinism, are seen as sources of witchcraft and sorcery. Many people believe that being born with albinism is a
punishment or bad tuck, and this bad luck can be contagious. Some also believe that their limbs can be used for
gy . creating magical potions. Because of this, they are targets of violence. Albinism is extremely high in Tanzania

iy an because of a reduced rate out outbreeding. Recently, the Tanzanian government has taken steps to protect

AL - people with albinism, resulting in a reduced rate of violence against people within Tanzanian borders.

However, there has been a spike in violence against people with albinism in Malawi, a country adjacent to
Tanzania, leading some to believe the problem hasn't disappeared, but rather moved across the border.

] § ’ i i C he
- AT /| e There are many types of albinism, but typically it is a recessively linked trait caused by the inheritance
: : of two recessive alleles, one from each parent, during fertilization. For the purposes of this unit,
students will only be dealing with the recessive form of albinism. This means, genotypically, a person
needs to be homozygous recessive to phenotypically exhibit aibinism.

e Aheterozygous person is said to be a “carrier” because, while he or she is not phenotypically albino, he
or she can pass on the allele to an offspring. If a carrier reproduces with another carrier, the offspring
has a 25% chance of having albinism. Thus, two people who phenotypically do not exhibit albinism can
very well have an offspring that does exhibit albinism.

o If a person with albinism reproduces with another person with albinism, there is a 100% chance their

F offspring will also have albinism.

e In general, 1/15,000 (or more) individuals exhibit albinism, but in some African populations, that
number may rise to 1/1,000.

e It is unknown why albinism is so high in sub-Saharan Africa, though some believe that the first village
with a higher rate of albinism was a place of refuge for some people with albinism, leading to the
establishment of a founder population with a higher than normal allele frequency for the recessive
albinism allete. Since there is very little gene flow into or out of the gene pool for these sub-Saharan
populations, the allele frequency for the recessive albinism gene remained relatively high. A similar
situation occurred in Martha’s Vineyard regarding deafness.

e Albinism, in this instance, is due to a change in the sequence of letters in the gene encoding for the skin
pigmentation protein (reference back to unit 1 and Central Dogma). The change in the letters resulted
in a differently shaped protein, resulting in a different phenotype.

e The difference in the sequence of letters in the skin pigmentation gene originally resulted from a
mutation in one individual’s DNA, and that mutation was passed onto that person’s offspring, who then
passed it onto their offspring. This is how new phenotypes appear in any species, thus increasing
variation of traits amongst organisms.

% e Mutations can occur during DNA Replication. When a cell is getting ready to divide through mitosis or

meiosis, the DNA needs to be replicated to ensure that the new cells made from the parent cell are
made with fidelity. Each new cell receives a double helix of DNA that is half original DNA and half new
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DNA. If the new DNA half is made incorrectly (say, inserting an A where a C should be), the daughter cell
has a mutation. This mutation can result in a new phenotype, depending on where in the DNA it occurs
(gene versus non-coding DNA).

o |f a replication error occurs in the gonads, the resulting cell, a gamete, wlll pass the mutation on to the
person’s offspring if that gamete is the one used for reproduction. Since a multicellular organism retains
all of its genes in every one of its cells from the original zygote, every cell in the multicellular organism
that results from that zygote wlll have the mutation in its nucleus.

e Mutations can also be caused by environmental factors such as UV radiation, X-Rays, carcinogenic
chemicals (like those in tobacco), etc. Exposure to these stimuli can result in de-novo mutations.
Typically, these mutations are not passed to offspring because they occur In body cells, not gonads.

e The appearance of the albinism trait necessitates the correct combination of alleles from one’s parents,
thus indicating the variation of traits that results from different combination of genes. This is also why
blue eyes can be seen on children with darkly plgmented skin. If the individual recelves the right
combination of genes from the parents, and those parents are carriers of a an allele, the unusual
variation of traits is possible.

e Every cell in a multicellular organism has the same genes and DNA. That is, the genes that were
conferred to them from the fertilization of their mother’s egg by their father’s sperm are located in
every cell in their body. At that moment, the genes and DNA for every cell resulting from that zygote
was established.

e Biolimbs and lab-derived organs have been grown in |abs. Basically, an organ can be drained of its cells
with detergents, leaving behind a protein scaffold. Then, cells from the transplant recelver are taken
{usually bone stem cells), and put into the protein scaffold. The cells take up residence there, go
through mitosls, and begin to fill in the gaps left behind by the drained cells. And, since all cells have the
entire genome for the human being from which they were taken, the cells can grow into whatever
organ the scaffold is for {i.e. the bone stem cells can grow into a heart because they have the heart
genes, too. Those genes were just “shut off” in the bone cells.)

e Because every cell in a multicellular organism contains the same genes, only some genes need to to be
expressed, depending on what type of cell that cell Is destined to be. For example, the “digestive
enzyme” genes do not need to be expressed in bone cells. Consequently, some genes serve as on-off
switches for other genes and therefore prevent the expression of the trait encoded for by that protein.
This is what allows genes to be differentlally expressed in cells, resulting in differentlation of tlssues.

e Mutatlons can be good, bad or neutral. A good mutation results in a change in DNA letters (and thus
encoded proteins) by allowing for an advantageous trait or phenotype (like the orlgin stories in many
superheroes). Bad mutatlons result in disadvantageous tralts, such as cancer or a genetic disorder.
Neutral mutations occur when a change in the letters in the DNA occurs in a part of a chromosome that
doesn’t affect a tralt.

e The environment can determine how common a mutation becomes. As said before, if a mutation is
advantageous, the environment might make It easler for Individuals with that trait to survive. If the
individuals survive more easily, they can reproduce more and spread the trait to new individuals in the
next generation.

e Conversely, negative tralts resulting from mutations become less common because they are selected
agalnst by the environment. That is, they become less common because individuals with those traits
have a harder time surviving.

e For humans, sperm and eggs can be screened for these mutatlons (if they’ve been seen before/are
known). If a sperm or egg Is seen to have a disadvantageous allele (such as albinism), it can be
discarded. If it is seen to have an advantageous allele (who's to say what that is?l), it can be selected
and used for in vitro fertlilzation.

**insert video link of albinos being attacked**

A / Ibings at risk of "total extinction,’ WM. warns'

http:/fwww thedallvbeast com/farticles/2015/02 {19/al ticn-s-alhing-island bt ml
httpsy/ fwww ncbl anlmonibgov/pmc/articles/PMC1 584235/

How do we stop violence against people with albinism?

Phenomena Driving
‘Question
Lo il Learning Sequence 1:
Unit Overview/ Content covered: structure of DNA/genes/chromosomes; cell division (mitosis); cell differentlation; DNA/gene
S10|Y|Ine! expression
Staging

Learning Sequence 1 Overview: Students wlll begin by determining which twins in provided pictures are
identical and which are fraternal to begln understanding how traits are passed on. They will continue by
creating individual and group models of how humans get their eye color which will introduce them to the ideas
of mitosis, cellular differentiation and wlll further the idea that the expression of traits is controlled by an
organism’s DNA. In the explain phase, they will take the models they previously created and will turn them
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into 3D models and they will have to explicitly explain with words (written and recorded on video) what is
happening in their models and how DNA controls the expression of traits through the creation of proteins in
specialized cells. Students will then apply their new learing to explain how the process of bio-scaffolding
works, then using that explanation to create a bio-limb.

) Learning Sequence 2:
Content covered: meiosis; mutations causes and effects

2
G

Sequence Overview:

Connection to storyline: This learning sequence addresses what causes traits, where we get them from and
why they aren’t expressed in every cell in a muiticellular organism. This will help them to explain why some

. people get albinism and others do not as well as how similar albino individuals are to non-albino individuals
{why albino individuals don’t have white blood like they have white skin).

This learning sequence will begin with students creating an explanation for uncommon trait combinations (how
can black people end up with blue eyes is the focus but other examples can be used as well). Students will
work in groups to develop their explanations and will create a position paper to using evidence to support their
explanation. They will then continue this by completing research on different unusual trait combinations to
expand their understanding of how meiosis can cause unusual trait combinations in a popufation. Students will
create a model of meiosis with different shapes of pasta and then will use those models to explain the three
3 ways that unusual trait combinations can arise in a population. Students will take that concept one step
i ~ farther to the variations found in the area of superheros by defending the genetics as to how a superhero

: attained his/her superpowers or by creating a new superhero with a corresponding backstory on how they

gained their superpowers.

| Connection to Storyline:
This learning sequence addresses how new traits come about and how they are passed on to future offspring.
This will help them to learn how albinism came to be and how an albino individual can come from two
non-albino parents.
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Learning Sequence 3:

~ Content Covered: patterns in the distribution of traits and possible causes of them, the process of designer

. babies

Sequence Overview:
. Students will begin this learning sequence by exploring the relationship between the distribution of traits and
environmental factors by analyzing data of malaria and sickle cell cases by world region. This will lead them to
. understand that certain environmental factors can control the expression of traits within a population. The
* learning sequence continues with students learning about gel electrophoresis technology to understand that
genes can be tested for/identified and to further their understanding that trait variation distribution are

dictated by environmental factors. Students will then justify their final decisions/arguments from the gel

electrophoresis lab in a formal lab report using collected data and researched evidence. After knowing that

traits can be identified, students will learn about a specific DNA modification technique (CRISPR) to determine

if using that technique to create a designer baby is a viable solution to solving the problem of violence against
* albino individuals.

Connection to Storyline:
This learning sequence addresses why some traits are more common than others in certain populations (why
albinism is more common in Tanzania) and if designer babies could be a solution to the problem of violence

against albino individuals.

-

HS-LS3-1. Ask queslions to clarify relalionships about
the role of DNA and chromosomes in coding Ihe
inslructions for characterisiic irails passed from

parenis to offspring.

HS-LS1-4. Use a model taillustrate the role of cellular
division (milosis) and differentiation in producing and
mainigining complex organisms,

Perorma

HS-LS3-2. Make and defend a claim based on
evidence thal inheritable genelic variglions may
result from: {1) new genelic combinalions through
meiosis, (2} viable errors occurring during replicalion,
and/or (3} mulations caused by environmental
factors.

Performance Expectations
HS-LS3-3. Apply concepls of stalislics and probabilily

to explain Ihe varialion and disiribution of expressed
traits in a population.

HS-ET81-3. Evaluate asolulion to a complex real world
problem based on prioritized crileria and frade-offs
that account for a range of constraints, including cosl,
safely, reliabilily and aeslhelics as well as possible
social, cullural, and environmental impacls

Question 1
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Subject: Biology

Grade: 10th Grade

Whal causes Iraits?

Unlt:  Inheritance and Variation of Traits

Pacing: 6 weeks

How do new Irails come aboul?

Can we conlrol or change irails?

Learning Targets

» /cancreate amodel fo show the cause and
effect relationship where DNA/genes cause
traits fo appear in organisms by conlaining the
instructions (“recipe”) for how to build proleins
and ihal the proteins affect the organism’s
fraifs.

= [cancreate asecond model o illusirate how
mullicellular organisms use mitosis o grow from
asingle-celled zygole after fertilization lo @
complex, mullicellular organism,

= /caon adjust the second model o demonsirate
mitosis by showing thal one paren! cell
(including the zygole) starts the cell division and
that two daughler cells are created of lthe end.

& /canuse the second model fo demonsirale that
alf cells within an organism conlain the same
genes and chromosoines found in the original
zygole.

® [canuse the second model lo show thol each
cell in complex organisms contains fwo copies
of each chromosome,

# | canusethe second model o show that each
member of this pair of chromosomes came from
each of of the organism’s parents when the
parenis’sex cells joined logether during
fertilizalion.

# Icaonuse the second model fo demonsirate how
chromosomes are replicated wilhin the parent
cell before milosis compleles.

= [caon use fthe second model fo connect how the
daughler cells receive their genes and
chromosomes from the parent cell (which is
somelimes the zygole),

# (canuse the second model fo connect that the
daughter cells crealed after mifosis are
genelically identical lo each other and the
parenf cell which is somelimes the zygole).

s/ canuse lhe second model fo demonsirale
differenliation as the process in which cells
becomne specinlizeztin iheir roles as @
multicellular orgonism develops from a zygole
through milosis, which leads to different lissues
and organs.

s /canusefhe second model foillustrale that
multicellular organisms use milosis lo replace
dead cells,

= /can connecl model number one fo model
number two fo iflusirale that trail differences
belween diffevent differentialed cell types is due
to different expression of lhe genes in the cell,
not differences in the genes that are there.

s /can adjust and refine my model o
demonsirate thol genes can be reguiated to
prevent or allow lhe insiruclions lo be used o
make profeins.

« /caonadijus! and refine my model lo show how
some regions of DNA within a chromosome
regulafe the genes expressed in other regions of
the chromosome by acting as an on-off switch
and therefore do nol code for proleins directly.

= /con analyze the accuracy of my model
compared fo whal aclually happens during
milosis.

e /canask questions aboul the phenomenon that
can be scienlifically tesled.

_Learning Targets

e canmake a cloim and identify and describe
evidence lo suppor! the idea that inheritable
genetlic variations may resull from new genetic
combinalions through meiosis.

e /conmake a cloim and idenfify and describe
evidence fo suppor! the idea that genelic
variations may resull from errors occurring
during replication.

e Iconmake a claim and identify and describe
evidence to supporl the idea that inheritable
genelic varialions may resull from mutalions
caused by environmenlal faclors.

e /can use scientific knowledge, lileralure,
studen!-generated dala, simulations and/or
other sources as my evidence fo support the
claim,

e [ canidenlify the strengths and weaknesses of
the lypes and numbers of sources for the
evidence used lo support the claim.

e Icanidenlify ihe strengths and weaknesses of
the success of the evidence in defending the
claim.

e [canidentify ihe sirengths and weaknesses of
the evidence of the relalionships thaf cause the
claim and of those thal only correlale (relate) fo
the claim.

o /conidentify the sirengths and weaknesses of
the validiy and reliability of the evidence fo
support the claim,

e [canusereasoning fo describe the link between
the evidence and the claim thal genelic
mulations produce genetfic varialions between
cells or organisms,

e /conusereasoning lo describe the link belween
Ihe evidence and the cloim that genelic
variafions produced by mulation and meiosis
can be inheriled.

e [ canuse reasoning and valid evidence to
describe thal new combinalions of DNA can
come from several sources including meiosis,
errors during replication, and mutalions caused
by environmental faclors.,

e |/can defend a claim agains! counler-claims by
evalualing the connection between the relevant
and appropriale evidence of the counterclaim,

e [con defend a claim agains! counter-claims by
evaluating which claim is the sirongest.

Learning Targets

e [canorganize the given dola by the frequency
of the expressed Irails in the population,

s /can organize the given data by the disiribution
of the expressed fraits in the population,

s /canorganize the given dafa by the variation of
the expressed Irails in Ihe populalion,

» /can perform and use probability measures of
the given data to delermine the relalionship
belween a trail's occurrence within a population
and the environmental faclors impacling the
populalion.

w» | conrecognize and use palfemns to predicl the
changes in Iraif distribution within a population if
environmental variables change as away fo
onalyze and interpret dafa used o explain the
distribulion of expressed trails.

« /candescribe the expression of a chosen trait
(and its varialions) as being caused by or as
being correlaled (just related) o some
environmental faclor based on refiable
evidence.

« [lcan generate alis! of three or more realistic
crileria and two or more conslrainis (including
cosl, salely, refiability and how the solution
looks) for an acceplable solulion to a complex
real-world problem,

s [con assignptleities for each criterion and
consirain! to allow me fo logically and
systemalically evaluale alfernalive solution
proposals.

e /cananalyze and describe the sirengths and
weaknesses of lhe solution with using the
crileria and conslrainis, the environmental
impacls, as well as how well the solution would
be socially and cullurally accepted.

® /candescribe possible barriers fo using each
solution thinking aboutl the cullural, econoric
{financial), or other sources of resistance for
each possible solufion.

« /can provide an evidence-based decision of
which solufion is best, based on prforflizad
criteria, analysis of the strengths and
weaknesses {cosis and benefils} of each
solution as well as the barriers fo be overcome.

w® [can describe which parls of Ihe compiex
reaf-world problem mighf remain even if the
proposed/selected solution is implemented.

Anchor Activity 1

Bio-limb construclion (ulilizing principles researched
from win opening engagemen)

Anchor Activify 2

Superhuman backsiory construciion {ulilizing
principles researched from unusual Irail varialion
engagemenl)

Anchor Activity 3

Gel elecIrophoresis for albinism gene, bul in reality,
food coloring (ulilizing principles researched from
sickle-cell anemia disiribulion charls)

Formative Assessment 1

3D mode! and narralive [rom Explain phase
answering driving queslion for sequence 1.

Earmative Assessment 2

Product crealed {video, paper, comic) from Elaborale
phase detdiling the scienlifically accurate origin of a
superhero

Formgtive Assessment 3

Lab repori for gel eleclrophoresis (rom Explain phase
depicling discovery of frend of albinism as it relales to
geographicat localion,
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Key Yacabulary 1 Key Vocabulary 2

Gene, Chromosome, Mitosis, Zygote, Daughier Cell,
Parent Cell, DNA Replication, Differentiation, Gene
Regulation, Expression, Trait, Scaffold, Bio-limb

Key Vocabulary 3

Frequency, Disiribution, Population, Gel
Electrophoresls, Resfriction Enzyme (possibly),
CRISPR, Genelic tesling, Designer baby

Melosls, Sex Cell, Gamete, inherttance, Mutalion,
Varlallon, Environmental factor, Allele

* Model 5E Lessons provided for thls Learning Sequence

Summative Assessment

Standards:
HS-LS3-1, HS-LS1-4, HS-LS3-2, HS-LS3-3

Each Learning Sequente conlaing om assessment losk to assess the Perlonmance Expeclalions for that Learning

Sequerice which are cafisidered e surmmolive nssesements for thal Learming Sequence. The: summative
assessment opllons for 1his unit Include:

Essentiol Sils:

Learning Sequence 1 Assessment Task
Learning Sequence 2 Assessment Task
Learning Sequence 3 Assessment Task
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Subject: Biology

Grade: 10th Grade

Unit:

Pacing: 6 weeks

Stage 1: Desired Results

Inheritance and Variation of Traits

Leaming Sequance 1 450 Minutes

Learning Sequarice 2 450 Minutes

(Learning Sequence 3 450 Mirutes

PERFORMANCE [XPECTATIONS

Performance Expectation HS-LS3-1 & HS-151-4
H5-LS3-1. Ask queslions fo clarify relalionships aboul
Ihe role of DNA and chromosomes in coding Ihe
insiructions for characlerisiic Irails passed from
parenis lo offspring.

Boundary: does not include the
phases of melosis or the biochemical mechanism of speclfic
steps in the process

HS-LS1-4, Use a model loillusirate the role of cellutar
division (milosis) ond differenliclion in producing and
maintaining complex organisms.

Boundary: does not include
specific gene control mechanisms or rote memorization of
the steps of mitosis

Performance Expeclation HS-153 .2

HS-LS3-2, Make and defend a claim based on evidence
Ihat inherilable genelic varialions may result from: (1) new
genelic combinalions through meiosis, {2) vioble errors
occurring during replicalion, and/or (3) mulalions caused by
environmenlal factors.

Clarification Statement: Emphasis is on using data to support
arguments for the way variation occurs,

A Boundary: A does not Include the phases
of meiosis or the blochemlcal mechanism of specific steps in
the process

Performance Expectation HS-153-3 & HS-ET531-3

HS-LS§3-3. Apply concepls of stalislics and probabitily
10 explain fhe varialion and dislribution of expressed
Irails in a populalion.

Clarification Statement: Emphasis is on the use of
mathematics to describe the probability of traits as it
relates to genetic and environmental factors in the
expression of traits

Boundary: A
Hardy-Weinberg calculations

does not include

HS-ETS1-3. Evaluate a solution 1o a complex real
world problem based on priorilized criletia and
{rade-of(s thal account for a range of conslrainis,
including cosl, safely, reliabilily and aeslhelics as well
as possible social, cullural, and environmenlal
impacis.

Ferlormanee Txpoatatiog s 1947

HS-L54-2 Construct an explanation based on evidence that the
process of evolution primarily results from four factors: (1) the
potentiol for a species to increase in number, (2} the heritable
genetic variation of individuals in a species due to mutation and
sexual reproduction, {3) competition for limited resources, and (4)
the proliferation of those arganisms that are better able to
survive and reproduce in the environment.

Clarification Statement: | Emphasis is on using evidence lo
explain the influence each of the four factors has on the number
of organisms, behaviors, morphology, or physiology in terms of
ability to compete for limited resources and subsequent survival
of individuals and adaptation of species. Examples of evidence
could include mathematical models such as simple distribution
graphs and proportional reasoning

A Boundary: A 1t does not include other
mechanisms of evolution, such as genetic drift, gene flow
through migration, and co-evolution

Potlommuance Dypectation HS184-3

HS-154-3. Apply concepts of statistics and probability to
support explanations that organisms with an
advantageous heritable trait tend to increase in proportion
to organisms lacking this trait,

Clarification Statement: Emphasis is on analyzing shifts in
numerical distribution of traits and using these shifts as
evidence to support explanations

A

Boundary: it is limited to basic
statistical and graphical analysis, Assessment does not
include allele frequency calculations

Putforn
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HS-L54-5. Evaluate the evidence supporting claims that
changes in environmental conditions may result in: (1)
increases in the number of individuals of some species, (2)
the emergence of new species over time, and (3} the
extinction of other species.

Clarification Statement: Emphasis is on determining cause
and effect relationships for how changes to the
environment such as deforestation, fishing, application of
fertilizers, drought, flood, and the rate of change of the
environment affect distribution or disappearance of traits
n species

DISCIPLINARY CORE IDEAS

Structure snd Funclion

LS1.A: All cells contain genetic information In the form of
DNA molecules. Genes are reglons In the DNA that contain
the Instructions that code for the formation of proteins.
{secondary) (Note: This Disciplinary Core idea is also
addressed by HS-151-1.)

Inheritance of Trans

L53.A: Each chromosome consists of a single very long DNA
molecule, and each gene on the chromosome Is a particular
segment of that DNA. The Instructions for forming species”
characteristics are carried in ONA. All cells In an organism
have the same genetic content, but the genes used
(expressed) by the cell may be regulated in different ways.
Not all DNA cades for a protein; some segments of DNA are
involved in regulatory or structural functions, and some
have no as-yet known function

Growll and Development of Grganisms

151.8:in f gani: d. | cells grow and
then divide via a process called mitosis, thereby allowing
the organism to grow. The organism begins as a single cel
(fertilized egg) that divides successively to produce many
cells, with each parent cefl passing Identical genetic
material (two varlants of each chromosome pair} to both
daughter cells. Cellular division and differentiation produce
and maintain a complex organism, composed of systems of
tissues and organs that work together to meet the needs of
the whole organism.

Varintion of Traits

153.8: In sexual reproduction, chromosomes can sometimes
swap sectlons during the process of melosis {celf division),
thereby creating new genetic combinations and thus more
genetic variation. Although DNA replication Is tightly regulated
and remarkably accurate, errors do occur and result in
mutations, which are also a source of genetic varlation.
Environmental factors can also cause mutations in genes, and
viable are inherited. { factors also
affect expression of traits, and hence affect the probability of
occurrences of tralts in a population. Thus the variation and
distribution of traits observed depends on both genetic and
environmental factors.

Vartiation of Traits

153.8: Environmental factors also affect expression of
traits, and hence affect the probability of occurrences of
traits in a populs Thus, the and

of traits observed depends on both genetic and
environmental factors.

Developing, Possible Solutions

ET51.8: When evaluating solutlons, it Is important to take
Into account a range of constraints, Including cost, safety,
relfablilty, and aesthetics, and to consider social, cultural,
and environmental impacts,

fatu

A aelection

L54.8: Natural selection occurs only if there is both (1) variation
in the genetic information between organisms in a population
and (2) variation in the expression of that genetic information —

foatinal el

lin

154.8: Natural selection occurs only if there is both (1}
variation in the genetic information between organisms in
a population and (2) variation in the expression of that
genetic information — thot is, trait variotion — thot leads
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Subject: Biology

Grade: 10th Grade

Unlt:  Inheritance and Variation of Traits

Pacing: 6 weeks

that is, trait varigtion — that leads to differences in performance
among individuals.

Adaptatien

154,C: Evolution is a consequence of the interaction of four
factors: (1) the potential for a species to increase in number, (2)
the genetic variation of individuals in a species due to mutation
and sexual reproduction, (3} competition for an environment’s
limited supply of the resources that individuals need in order to
survive and reproduce, and (4} the ensuing proliferation of those
organisms that are better able to survive and

to differences in perf among ind) Is. The
traits that positively affect survival are more likely to be

reproduced, and thus are more common in the population.

Adeplelion

LS4.C: Natural selection leads to adaptation, that is, to a
population dominated by organisms that are anatomically,
behaviorally, and physiologically well suited to survive and

produce in a specific i That is, the differential
survival and reproduction of org inap lation that
have an advantageous heritable trait leads to an increase
in the proportion of individuals in future generations that
have the trait and to a decrease in the proportion of
individuals that do not. Adaptation aiso means that the
distribution of traits in a population can change when
conditions change,

Adeplavor

L54.C: Changes in the physical environment, whether
naturally occurring or human induced, have thus
contributed to the expansion of some species, the
emergence of new distinct species as populations diverge
under different conditions, and the decline — and
sometimes the extinction — of some species. Species
become extinct because they can no longer survive and
reproduce in their altered environment. If members
cannot adjust ta change that is too fasl or drastic, the
opportunity for the species’ evolution is lost

SCIENCE AND ENGINEERING PRACTICES

Asking Questlons and Defining Problems

Asking questions and defining prablems In 9-12 builds on
K-8 experlences and progresses to formulating, refining and
evaluating empirlcally testable questlons and deslgn
problems using models and simulatlons, Ask questions
that arlse from examining models or a theory to clarify
relationshlps.

Develaping and Using Models

Modeling In 9-12 bullds on K-8 experlences and progresses
to using, syntheslzing, and developling models to predict
and show relatlonshlps among varlables between systems
and thelr components in the natural and deslgned worlds.
Use a model based on evidence to lllustrate the
relationships between systems or between companents of
a system.

Engaging in Argument from Evidence

Ing In arg from evid In 9-12 builds on K-8
experlences and progresses to using appropriate and sufflcient
evidence and scientific reasoning to defend and critique claims
and explanations about the natural and designed world(s).
Arguments may also came from current sclentific or historlcal
episodes In science. Make and defend a claim based on
evidence about the natural world that reflects sclentific
L ledge and student-g ated evls

Analyzing and Interpreting Data

Analyzing data in 9-12 bullds on K-8 experiences and
progresses ta introducing mare detailed statlstlcal
analysls, the comparison of data sets for consistency, and
the use of models to generate and analyze data. Apply
concepts of statlstics and probabillity (Including
determining functlon fits to data, slope, Intercept, and
correlation coefficlent for linear fits) to scientlflc and
englneerlng questlons and problems, using

Constructing ions and Designil )

Constructing ions and d Ing9-12
bullds on K-8 experlences and progresses to explanations
and deslgns that are supported by multiple and
Iindependent student-generated sources of evidence
consistent with sclentlfic Ideas, principles and theorles,
Evaluate a solution to a complex real-world problem,
based on sclentlfic knowledge, student-generated
sources of evidence, prioritized criterla, and tradeoff
conslderations.

Conslructing Explanztions and Designing Solutions

Constructing explanations and designing solutions in 9-12 builds
on K-8 experiences and progresses to explanations and designs
that are supported by multiple and independent
student-generated sources of evidence consistent with scientific
ideas, principles, and theories. Construct an explanation based
on valid and reliable evidence obtained from a variety of sources
(including students’ own investigations, models, theories,
simulations, peer review) and the assumption that theories and
laws that describe the natural world operate today as they did in
the past and will continue to do so in the future.

Analyzing and Interpreting Data

Analyzing data in 9-12 builds on K-8 experiences and
progresses to introducing more detailed statistical analysis,
the comparison of data sets for consistency, and the use of
models to generate and analyze data. Apply concepts of
statistics and probability {including determining function
fits to data, slope, intercept, and correlation coefficient for
linear fits) to scientific and engineering questions and
problems, using digital tools when feasible,

[ngaging in Argument from Evidence

Engaging in argument from evidence in 9- 12 builds on K-8
experiences and progresses to using appropriate and
sufficient evidence and scientific reasoning to defend and
critique claims and explanations about the natural and
designed world(s). Arguments may also come from current
or historical episodes in science. Evaluate the evidence
behind currently accepted explanations or solutions to
determine the merits of arguments.

CROSS CUTTING CONCEPTS

Cause and Effect

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.

Systems and System Models

Systems and System Models Models (e.g., physlcal,
mathematical, computer models) can be used to simulate
systems and Interactions — Including energy, matter, and
information flows — withln and between systems at
different scales.

Cause and Effect

Empirical evidence Is required to differentiate between cause
and correlation and make clalms about speclfic causes and
effects.

Scale, Proportionand Quantity

Algebralc thinking Is used to examIne sclentific data and
predict the effect of a change In one variable on another
{e.g., lnear growth vs. exponentlal growth}.

Cause and Cflect

Patterns
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Grade: 10th Grade

| CREG Currioulum

Unit:  Inheritance and Variation of Traits

Paclng: 6 weeks
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Empirical evidence is required to differentiate between cause
and correlation and make claims about specific causes and
effects.

Different patterns may be observed at each of the scales at
which a system is studied and can provide evidence for
causality in explanations of phenomena.

Cause and Effect

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects

CONNECTIONS Lo NATURE of SCIENCE or ENGINEERING, TECHNOLDGY, and APPLICATIONS of SCIENCE

Sclence is a Human Endoavor
s Technotogical advances have influenced the
progress of science and science has
influenced advances in technology. (HS-LS3-3)
e Science and engineering are influenced by
sociely and saciely is influenced by science
and engineering {HS-LS3-3)
Connections to Engineering, Technology and Applications
of Sclence

o Influence of Science, Engineering, and
Technology on Saciety and the Natural World
New technologies can have deep impacts on
society and the environment, including some
that were not anticipated. Analysis of costs and
benefits is a critical aspect of decisions about
technology.

Integrated Standards and Essentlal Skiils

CCSS ELA Reading and Writing

C€CSS ELA ReadIing and Writing

CCSS ELA Read(ng and Writing

CCSS Mathematics Practlces

CCSS Mathematlcs Practices

CCSs Mathematlcs Practices

CREC Essential Skills

(CT) Critical Thinking and Problem Solving
{CC) Communication and Collaboration
(Cl) Creativity and Innovation

(SD) Self-Direction and Resourcefulness

CREC Essential Skills

{CT) Critical Thinking and Problem Solving
{CC) Communicatlon and Collaboration
{C1) Creativity and Innovation

{SD) Self-Direction and Resourcefulness

CREC Essentlal Skills

{CT) Critical Thinking and Problem Solving
({CC) Communication and Collaboration
{Q1} Creativity and Innovatlon

{SD) Self-Direction and Resourcefulness

Learning Sequence 2:

| can create a model fo show the cause and effect relationship where DNA/genes cause traits fo appear in organisms by
conftaining the instructions (recipe”) for how tfo build proteins and that the proteins affect the organism’s fraits.

| can create a second model to illustrate how multicellular organisms use mitosis to grow from a single-celled zygote after
fertilization to a complex, multicellular organism.

I can adjust the second model to demonstrate mitosis by showing that one parent cell (including the zygote) starts the cell
division and that two daughter cells are created at the end.

| can use the second model fo demonstrate that all cells within an organism contain the same genes and chromosomes found
in the original zygote.

| can use the second model to show that each cell in complex organisms conltains two copies of each chromosome.

1 can use the second model fo show that each member of this pair of chromosomes came from each of of the organism’s
parents when the parents’ sex cells joined fogether during fertilization.

1 can use the second model to demonstrate how chromosomes are replicated within the parent cell before mitosis compleftes.
1 can use the second model fo connect how the daughter cells receive their genes and chromosomes from the parent cell
(which is sometimes the zygote).

1 can use the second model o connect that the daughter cells created after mitosis are genetically identical fo each other and
the parent cell (which is someltimes the zygote).

1 can use the second model to demonstrate differentiation as the process in which cells become specialized in their roles as a
multicellular organism develops from a zygote through mitosis, which leads to different tissues and organs.

| can use the second model fo illustrate that multicellular organisms use mitosis fo replace dead cells.

| can connect model number one to model number two fo illustrate that trait differences between different differentiated cell
fypes is due to different expression of the genes in the cell, not differences in the genes that are there.

{ can adjust and refine my model to demonstrate that genes can be regulated to prevent or allow the instructions fo be used fo
make profeins.

I can adjust and refine my model to show how some regions of DNA within @ chromosome regulate the genes expressed in
other regions of the chromosome by acting as an on-off switch and therefore do nof code for proteins directly.

| can analyze the accuracy of my model compared fo what actually happens during mitosis.

| can ask questions about the phenomenon that can be scienfifically fested.

1 can make a claim and identify and describe evidence to support the idea that inheritable genetic variations may resulf from
new genetic combinations through meiosis.

| can make a claim and identify and describe evidence to support the idea that genetic variations may result from errors
occurring during replication.
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Subject: Biology Unlt: Inheritance and Variation of Traits
Grade: 10th Grade Pacing: 6 weeks

| can make a claim and identify and describe evidence to support the idea that inheritable genetic variations may result from
muftations caused by environmental factors.

| can use scientific knowledge, literature, student-generated data, simulations and/or other sources as my evidence fo support
the claim.

| can identify the strengths and weaknesses of the types and numbers of sources for the evidence used to support the claim.

| can identify the sirengths and weaknesses of the success of the evidence in defending the claim.

| can identify the strengths and weaknesses of the evidence of the relationships that cause the claim and of those that only
correlate (relate} fo the claim.

| can identify the strengths and weaknesses of the validity and reliability of the evidence fo support the claim.

| can use reasoning to describe the link between the evidence and the claim that genetic mutations produce genetic variations
beltween cells or organisms.

{ can use reasoning fo describe the link between the evidence and the claim that genetic variations produced by mutation and
meiosis can be inherifed.

{ can use reasoning and valid evidence fo describe that new combinations of DNA can come from several sources including
meiosis, errors during replication, and mutations caused by environmental facfors.

| can defend a claim against counter-claims by evaluating the connection between the relevant and appropriate evidence of
the counterclaim.

I can defend a claim against counter-claims by evaluating which claim is the sfrongest.

| can organize the given data by the frequency of the expressed traits in the population.

| can organize the given data by the distribution of the expressed traits in the population.

| can organize the given data by the variation of the expressed traifs in the population.

| can perform and use probability measures of the given data to determine the relationship between a trait's occurrence within
a population and the environmental factors impacting the population.

| can recognize and use patterns to predict the changes in trait distribution within a population if environmental variables
change as a way to analyze and interpret data used fo explain the distribution of expressed fraits.

| can describe the expression of a chosen trait (and ifs variations) as being caused by or as being correlated (just related) fo
some environmental factor based on reliable evidence.

| can generate a list of three or more realistic criteria and two or more constraints (including cost, safety, reliability and how the
solution looks) for an acceptable solution fo a complex real-world problem.

I can assign priorities for each criterion and constraint to allow me to logically and systematically evaluate alternative solution
proposals.

| can analyze and describe the strengths and weaknesses of the solution with using the criteria and constraints, the
environmental impacts, as well as how well the solution would be socially and culturally accepted.

| can describe possible barriers to using each solution thinking about the cultural, economic (financial), or other sources of
resistance for each possible solution.

| can provide an evidence-based decision of which solution is best, based on prioritized criteria, analysis of the strengths and
weaknesses (costs and benefits) of each solution as well as the barriers fo be overcome.

| can describe which parts of the complex real-worid problem might remain even if the proposed/selected solution is
implemented.

Learning Sequence 1; Gene, Chromosome, Mitosis, Zygote, Daughter Cell, Parent Cell, DNA Replication, Differentiation, Gene
Regulation, Expression, Trait, Scaffold, Bio-limb

Learning Sequence 2. Meiosis, Sex Cell, Gamete, Inheritance, Mutation, Variation, Environmental factor, Allele

Learning Sequence 3: Frequency, Distribution, Population, Gel Electrophoresis, Restriction Enzyme (possibly), CRISPR, Genetic
testing, Designer baby
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Sublect: Biology Unlt:  Inheritance and Variation of Traits

Grade: 10th Grade Pacing: 6 weeks

Stage 2: Assessment Evidence

Summalive Assessmants

! | *Is there alignment to the identified standards?
b X I
as only. Does the task address the big idea?

V_W’a's'a"da' d'_s_am w?_ | +ls the task appropriately challenging?

What Essential Skills are addressed? Codes
only.

‘Stondards: ] i Avre priority standards addressed in a way that gives you multiple points of evidence on a
! ' particular standard?

by« 3D model and narrative from Explain phase answering driving question for sequence 1
i

" Product created (video, paper, comic) from Elaborate phase detailing ihe scienlifically accurate origin of a superhero

| Formatte Assesament 3

- Lab repori for gel electrophoresis from Explain phase depicting discovery of trend of albinism as il relales to geographical
= . : | location
HS-L83-3, HS-ETS1-3
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Sublect: Biology Unit:  Inheritance and Variation of Traits

Grade: 10th

HS-LS3-1, HS-LS1-4

Essential Skils:

HE-L53-2

Standards:

HS-L$3-3, HS-ETS1-3

- engagement)

Grade Paclng: 6 weeks

Stage 3: Anchor Activitles & Resources

Blo-limb consiruction (ulifizing principles researched from twin opening

Superhuman backstory consiruction (utilizing principles researched from
unusual trait varialion engagemenl)

Gel eleclrophoresis for alblnism gene, but in reality, food coloring {utilizing
principles researched from sickle-cell anemia dislribulion charls)

Learning Sequence 1 Reso

Learning Sequence 3 Resol

Additiohal Resourcas

urces

Learning Sequence 2 Resources

urces

{CT) Critical Thinking and Problem Solving
(CC) Communlcation and Collaboration
(Cl) Creativity and Innovation

(SD) Self-Direction and Resourcefulness

CREC NGSS Science Learning Sequence Detailed Plan Learning Sequence

lof3

UNIT Phenomenon: People in Africo

born wilh albinism are largeted for viclence.

Phenomenen Priving Queston; How do we slop the violence againsi people wilh albinism?

Leamning Sequence 1 Maln Question: What causes irails?

Qe viow B il e ticiial FRany
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CREC Gurriculum-

Subject: Biology Unit:  Inheritance and Variation of Traits

Grade: 10th Grade Pacing: 6 weeks

Possible Sludenl Questions: Why doesn't his skin have color? How do my genes affecl my skin color? Are his/her parenis albino? Is il just his skin Ihat has no color oris il his eyes
and hair, foo? Whal gives skin its color? Can | get albinism? Does albinism go away? Does DNA have to do wilh albinism? How do | get my genes? Where are genes located? Con
| give my kids albinism? Why do fralernal Iwins look similar? Am Ia 50/50 mix of my parenls? Can you be alittle albino? Can being albino be goodin any way?

How does Learning Sequence 1 support studenls in figuring out or solving Ihe phenomenon?

By Ihe end of Learning Sequence 1, studenls will be able to correclly identify DNA as the ultimate controller of an organism'’s Iraits because DNA conlains Ihe inslruclions for
building proleins, which ullimalely delermine fhe organism’s Irails, Since organisms receive Iheir DNA from Iheir parents, an organism’s frails ore often refleclive of Ihat
organism’s parenls’ Iraits, However, siudenls will also discover ihe idea Ihat genes, allhough universally present wilhin every cell within an organism’s body, can be regulated.
Essenlially, Ihey can be lurned on and off, which resulls in differenl cells wilhin an organism expressing differenl proleins. And, since proteins determine fraifs, dilferent proteins
ultimalely results in differenl kails within cells of Ihe same organism. Consequently, cells begin to express dilferent trails, giving them differenl functions, leading lo Ihe process
of differenliation, As a zygole undergoes mitosis fo create a multicellular organism, il is the differenliation of Ihe cells by regulafing Iheir genelic expression thal causes Ihe

organism to develop inlo The complex system of lissues and organs ihat il hos.

What part of lhe storyline does Ihis learning sequence address?
This addresses whal causes lraifs, where we gel them from and why Ihey aren’l expressed in every cellin @ mullicellular organism

Performance Expectatlons for Learning Sequence 1
Performance Expectation HS-LS3 1 & HS-LS1.4

HS-LS3-1. Ask questions to clarify relationships aboul ihe role of DNA and chromasomes in coding |he insiructions for characterisiic trails passed from parents to offspring.

Boundary:

daes not include the phases of meiosis or the blachemlcal mechanlsm of speclfic steps In the process

HS-LS1-4. Use amodel toillusirate the role of cellular division (milosis) and differenliation in producing and mainlaining complex organisms.

Boundary:

does not Include specific gene control mechanlsms or rote memaor(zation of the steps of mitosis

Science ond Engineering Practices

Disciplinary Core Ideas

Cross Cultting Concepts

Asking Questions and Delining Problems

Asking ions and defining probl in 9-12 builds on
K-8 experlences and progresses ta formulating, refining and
evaluating empirically testable questlons and deslgn
problems using models and simulations, Ask questlons that
arise from examIning models or a theory to clarlfy
relationships.

Developing and Using Models

Maodeling In 9-12 bullds an K-8 experiences and progresses
to using, syntheslzing, and developing models to predict and
show relatlonships among variables between systems and
thelr components in the natural and designed worlds, Use a
model based on evid to il therelat

b systems orb of a system.

Structure and Function

L1S1.A: All cells contain genetic information in the form of
DNA molecules. Genes are reglons In the DNA that contaln
the Instructions that code for the formation of proteins.
(secondary) {Note: This Discipiinary Core idea Is also
addressed by HS-151-1,)

Inheritance of Traits

LS$3.A: Each chromosome consists of a single very long DNA
molecule, and each gene on the chromosome iIs a particular
segment of that DNA. The Instructlons for forming specles”
characteristics are carried in DNA. All cells In an organism
have the same genetic content, but the genes used
(expressed) by the cell may be regulated In different ways.
Not all DNA codes for a proteln; some segments of DNA are
Involved in regulatory or structural functions, and some
have no as-yet known function

Growth and Development of Organisms

1S1.8:1n /i | cells grow and
then divide via a process called mitosis, thereby allowing the
organism (o grow. The organism begins as a single cell
{fertilized egg) that divides successively to produce many
cells, with each parent celi passing Identical genetic material
{two varionts of each chromosome pair) to both daughter
cells. Cellular division and differentiation produce and

a complex org ), d of systems of
tissues and organs that work together to meet the needs of
the whole organism.

PR

Cause and Effect

Empirlcal evidence Is required to differentlate between
cause and correlation and make clalms about specific causes
and effects.

Student Learning Targets for Learning Sequence 1

fcan:
.
that the proteins affect the organism’s traits,
.
.
.
.
.
fertilization.
.
.
.
.

which leads to different tissues and organs,

differences in the genes that are there.

use the second model to demonstrate how chromosomes are replicated within the parent cell before mitosis completes,

use the second model to connect how the daughter cells receive their genes and chromosomes from the parent cell (which is sometimes the zygote).

use the second model to connect that the daughter cells created after mitosis are genetically identical to each other and the parent cell {which is sometimes the zygote).

use the second model to demonstrate differentiation as the process in which cells become specialized in their rofes as a multicellular organism develops from a zygote through mitasis,

use the second model to iflustrate that multiceliulor organisms use mitosis to replace dead cells.
e connect model number one to model number two to if

trate that trait differences between

create a model to show the cause and effect relationship where DNA/genes cause traits to appear in organisms by containing the instructions (“recipe”) for how to build proteins and

create a second model to iflustrate how muiticellular organisms use mitosis to grow from a single-celled zygote after fertilization to a complex, multicellular organism,

adjust the second modef to demonstrate mitosis by showing that one parent cell (including the zygote) starts the cell division and that iwo daughter cells ore created at the end
use the second mode! to demonstrate that alf cells within an organism contain the same genes and chromosomnes found in the original zygote.

use the second mode{ to show that each celf in complex organisms contains two copies of each chromosome.
use the second model to show that each member of this pair of chromosomes came from each of of the organism’s parents when the parents’ sex cells joined together during

iff differentiated cell types is due to different expression of the genes in the cell, not

e adjust and refine my model to demonstrate that genes can be regulated to prevent or allow the instructions to be used to make proteins

and therefore do not code for proteins directly,

e analyze the accuracy of my model compared to what actually happens during mitosis.

ask ions about the ph

that can be scit

ly tested,

adjust and refine my model to show how seme regions of DNA within a chromosome regulate the genes expressed in other regions of the chromosome by acting as an on-off switch

Progression of Student Learning In this Learning Sequence Across the 3 Dimenslons

Prior Learning

Fulure Learning

Science & Engineering By the end of grade 8: £nd of grade band descriptions
Practices
Overview & Inslruclional Pian Slowan 11 Oy Sloge & Adpesurnan) Evidsiice
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Subject: Biology

Grade:

(CREC Currioulum
Unit:
10th Grade

inheritance and Variation of Traits

Pacing: 6 weeks

Asking O and Refining Problems: Asking ond defining
prabilems in 68 bullds on K-5 experfences prid progresses o specifying
relationships between variables and clarifying arguments and models.

e Ask questions:

o that arise from coreful observation of phenomena,
models, or unexpected results, to clarify and/or seek
odditional information.

o loidentify and/or clarify evidence and/or the premise(s) of
an argument.

o o latlonships between independent and
d! variables and relationships in models

o to clerify and/or refine o model, an explanation, or an
engineering problem.

o that require sufficient and appropriate empiricol evidence
to answer

o thot can be investigated within the scope of the classroom,
outdoor environment, and museums and other public
facilities with available resources and, when appropriate,
frome a hypothesis based on observations and scientific
principles.

o that chall the p (s) of an argu
interpretation of a dota set

e  Define a design problem that can be solved through the
development of an object, tool, process or system and includes
mudtiple criteria and constraints, including scientific knowledge that
may limit possible sofutions.

or the

Developing and Using Models: Modelfing in 6-8 builds on K-5 experiences and
progresses to developing, using, and revising models to describe, test and
predict more abstract phenomena and design systems,
e  Evaluate limitations of a model for a proposed object or tool.
e  Develop or modify a model— based on evidence — to match what
happens if a variable or c of a system is changed.
o  Use and/or develop a model of simple systems with uncertain and
less predictable factors
e Develop and/or revise a model to show the relationships among
variobles, including those thot ore not observable but predict
observable phenomena.
e  Develop and/or use a model to predict and/or describe phenomena.
Develop a model to describe unobservable mechanisms.
e Develop and/or use a model to generate data ta test ideos about
phenomena in natural or designed systems, including those
representing inputs and outputs, and those at unobservable scales.

Asking Chiestions and Definirg Problems: Asking ::u:n‘wﬂ: and deefinlng
problems in8-12 builds an K-8 ¢y ard p
réfining, and evahsting empiicatly testable quzmwu and dﬂfqn mbrem
Using miedels dnd simulations,

e Ask questions:

o thatarise from coreful observation of phenomena, or
unexpected results, to clarify and/or seek additional
information.

o that arise from examining models or a theory, to clorify
and/or seek additionol information and relationships.

o todetermine relationships, including quantitative

hips, between ir and di di

relati
variables.

o o clarify and refine a model, an explanation, or an
engineering problem,

e Evaluate a question to de!ennme if it is testable and relevant.

e Askg that can be d within the scope of the school
labom!ory, research facilities, or field {e.g., outdoor environment)
with ovailable resources and, when appropriate, frame a hypothesis
bosed on ¢ model or theary.

e  Ask ond/or evalt q jons that chofle the premise{s} of an
argument, the interpretation of a data set, or the suitability of a
design.

e Define a design problem that involves the development of a process
or system with interacting components and criteria and constraints
that may include social, technical, and/or envinmental
considerations.

Developing and Using Models: Modehng in9-12 bul/ds on K-8 experiences
and prog to using, h and g models to predict and
shnw relationships among variables between sysrems ond their components in
the notural and designed worlds

o Evaluate merits and limitations of two different models of the same
proposed tool, process, mechanism or system in order to sefect or
revise o model that best fits the evidence or design criterig,

e Design a test of a model to oscertain its reliabllity.

e Develop, revise, and/or use a model based on evidence to illustrate
and/or predict the refationships between systems or between
components of o system.

e Develop and/or use multiple types of models to provide mechanistic
accounts and/or predict phenomena, and move flexibly between
model types bosed on merits and limitations.

e Develop a complex model that affows for manipulation and testing
of a proposed process or system.

e Develop and/or use o model {including mathemetical and

computationol) to generate data to support explanations, predict
henie o, analyse systems, ond/or sohe problems

Disciplinary Core Ideas

By the end of grade 8:

LS1/A: All living things are made up of cells, which is the smallest unit that can
be said to be alive. An organism may consist of one single cell (uniceflular) or
many different aumbers and types of cells {mulnceﬂular) Unicellular
organisms {microor ). like mutticellular or need food, water, @
way to dispose of waste, and an envirenment in which they can live.

LS1.B: Organisms reproduce, either sexually or asexually, and transfer their
genetic information to their offspring. Animals engage in characteristic
behaviors that increase the odds of reproduction. Plants reproduce in a variety
of ways, ding on animal behavior and d features
(such as attractively colored flowers) for reproduction, Plant growth can
continue throughout the plant’s life through production of plant matter in
photosynthesis. Genetic factors as well as local conditions affect the size of the
adult plant, The growth of an animal is controlied by genetic factors, food
intake, and interactions with other organisms, and each species has a typical
adult size range. {Boundory: Reproduction is not treated in ony detail here; for
more specifics about grade level, see L53.A.)

LS3.A: Genes are lacated in the chromosomes of cells, with each chromosome
poir containing two varionts of each of many distinct genes

Each distinct gene chiefly controls the production of a specific proteln, which in
turn affects the traits of the individuol (e.g., human skin color results from the
actions of proteins that control the production of the pigment melanin).
Changes (mutations) fo genes can resuft in changes to proteins, which can
affect the structures and functions of the organism and thereby change traits.
Sesxual reproduction provides for tr ission of genetic infc ion to
offspring through egg and sperm cells. These cells, which contain only one
chromosome of each parent’s chromosome poir, unite to form a new
individual {offspring). Thus offspring possess one Instance of each parent’s
chromosome pair {forming a new chromesome pair). Variations of inherited
traits between parent and offspring arise from genetic differences that resuit
from the subset of chromosomes (and therefore genes) inherited or (more
rare/y)from mutations, {Boundary: The stress here is on the impact of gene
sranumivsion n reproduction, not the mechonism. )

Cross Cutting Concepts

End of grade band descriptiong

LS1,A: Systems of specialized celis within organisms help themn perform the
essential functions of life. Genes are regions in the DNA that contain the
instructions that code for the formation of proteins, which carry out most of
the work of cells

L51.A: Muiticelfular organisms have a hierarchical structural arganization, in
which any one system Is made up of numerous parts and is Itself o component
of the next level.

LS1.A: Feedback mechanisms maintain a living system’s internal conditions
within certain limits and mediate behaviors, allowing it to remain alive and
functional even as externol conditions change within some range, Feedback
mechanisms can encourage (through positive feedbock) or discourage
{negative feedback) whot is going on inside the living system,

By the end of grade 8:

Cause and Effect: students classify relationships as causal or correlational,
and recognize that correlation does not necessarify imply causation. They can
use cause and effect relationships to predict phenomena in natural or
designed systems. They also understand thot phenomena may have more
than one cause, and some cause and effect relationships in systems can only
b deseribied Lsing probubility

Overvew b Inslruch

End of grade band descriptions

Cause and Effect: students understand that empirical evidence is required to
differentiate between cause and correlation and to make claims about specific
causes and effects They suggest cause and effect relationships to explain and
predict behaviors in complex natural and designed systems, They olso propese
causal relationships by examining what is known about smaller scale
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Subject: Biology Unit:  inheritance and Variation of Traits

Grade: 10th Grade Pacing: 6 weeks

mechanisms within the system. They recognize changes In systems may have
Systems and System Models: students understand that systems may Interact varlous couses that may not have equal effects.

with other systems; they may hove sub-systems and be a part of larger
complex systemns. They can use models to represent systems and their Systems and System Models: students can investigate or analyze a system by
interactions - such as inputs, processes, and outpuls - and neregy, matter ond defining its boundaries and initial conditions, os well os its inputs and outputs.
information flows within systems They also learn that models are limited in They can use models (e g., physicol, mathematical, computer models) to

that they anly represent certain aspects of the system under study. simulate the flow of energy, matter, and interactions within and between
systems ot different scales. They can also use models and simufations to
predict the behavior of a system, and recognize that these predictions have
limited precision and reliability due to the lons and oppr f
inherent In the models. They can also design systems to do specific tosks.

Connecticut Core Conneclions Essential Skills Connections
Reading
Writing
Mathematics

5E Lessons for Learning Sequence 1

ENGAGE Activity: Identical and Fratemal Twin Comparisons
Time: 30 minutes

Materlals Needed: Piclures of sels of twins (laminaled)

Desieriglion: Studenty will delerming whether sachsel of twins is fraternal or identical based on Ihe evidence presenled in each picture (Iraits).
Teacher Actions: Studenl Aclions:
»  Have piclures ready. Each placard has a piclure of fwins {can be celebrily or nof) e  Working in pairs/groups discussing piclures lo determine groupings
»  Ask sludents to view differenl cards, and for each card, delermine if the Iwins are e Delermining criteria to judge piciures on
identical or fralerndl. Inform sludenls lo indicale evidence thal informed their e Juslifying groupings {identical or fraternal) to group members/teacher using
decision., evidence
»  Ask sludents to explain how their justificalion using evidence .

Individually draw a model to show how lwins get their Irails (il “Iraits” vocabis nol
presenl, teacher can guide sludenls to whal it means and/or use “characteristics”)
e Wrile quesiions lhey have abouf iwins on posl-ils to add to porking lot

»  Ask studenls to draw a preliminary model demonstraling how a single baby gels
his or her trails

e Have sludenls ask quesfions aboul fraiis lo drive Ihe next portions of the learning
sequence Note: Include scaffolding and enrichment learning opportunities for this

activity.

Conneclion lo Driving Question: This begins Ihe discussion of how Irails are determined by one’s genes (DNA), and thal the individuals in each piclure received Iheir genes from

their parenis. Sludenls, in all likelihood, will know (rom previous knowledge thal identical lwins receive idenfical genes from their parents, whereas (ralernal Iwins receive different

genes (rom iheir pare

Sludenl LLeaming Targels (underlined porlions indicate areas hat might not be complelely addressed al Ihis stage):

= Icancreale a model toshow the cause and effect relalionship where DNA/genes cause Irails lo appear in organisms by conltaining {he insluchons (‘recipe’) tor how ta Duld
I lval the proleins affec Ihe organksm's fraits.

& |can use lhe second model to show that sch mesmitser of this poir of shromosomes came from eoch of of Ihe organism’s parenls when the parenls’ sex cells joined fogelher
during forlilizotion.
Formallvie Assessmenl; sludents njtinl models

EXPLORE Activity: Eye Color Madeling
Time: 150 minules

Malerials Needed: crafl sugiplies {noper, colaritig utensils, scissors, glua/giue slicks), Fruil Fly piclure/video,
Bescription; Sludanls will cotltborale 1o creale a hond-drown rmodat showing how o humaorn boby gets ia eye colar,
Teacher Aclions: Studenl Aclions:

s Have sludenis share models wilh each olher and hand draw a new, group model e  Sludents will discuss Iheir individual drawings wilh their group members
demonsirating their understanding of how a baby gels ils eye color {lhis will oapen o  Siudenls will view, read, and discuss teacher supplied informalion, piclures, and
up the exploralion to the topics of mitosis [rom a single-celled zygote and videos |0 help build their understanding of the topic

differenliation} e Ullimalely, Ihey will ihen draw a new group model showing how a baby gets its eye

»  Facilitale discussion focusing on groups’ preliminary models demonsliraling how a color
baby gels its eye color. Do Ihe models carreclly and adequalely explain Ihe enlire e Sludenls will need to include a descriplion explaining Iheir model fo Iheir
process? classmales

» Have sludenis ask teslable queslions ihat would help them determine whether °

Sludents will participate in a gallery walk of their classmates models, leaving
feedbock and getling feedback on fhe accuracy/completeness of their model
Groups will idenlily problems with their hand-drawn models fo reflect Ihe feedback
Ihey have golten and search [or new evidence to belter inform Iheir next model

{heir models are complete or not,

» Beready lo use discussion on fruil ly eyes lo discuss Ihe idea of aregulatory switch
lo conlrol differenlialion, Genes can be turned on and off, which causes fruil lly
cells lo differenliate wilhout eyes or with cells that have eye genes expressed when

they shouldn’l, Nofte: Include scaffolding and enrichment learning opportunities for this
» Haveresources available for sludenls lailing to idenlify Ihe cause and effect activity.
conneclion between DNA ond proteing and raila [videos, arlicles, lex)

Connechion 1o Briving Queslion: This will show sludenls how Irails are passed down lo olfspring rom parenls. | will also ilow studenis to grasp and model Ihe concep! of
mitosis. Wilhin Ihis model, sludents should starl fo incorporale depiclions and expianalions of development wilh a focus an call differontiolion. Ullimetedy, Ihe sludenis may stort
to conngcl back Iheldea hal the frails expressed in an organism (evisn within o differentioling cell) ofs conirolied by Ihe getes in one's DNA

Sluden| Leaiming Targes (underlined portions indicale areas thal mighl nol be complelely addressed al lhis stage):

e /cancreale a model to show the cause and effect relalionship where DNA/genes cause Irails fo appear in organisms by conlaining the instruchians {recipe”) for how lo
Ly i d ffie profeins offect e oroanism's lroils

1 can creale a second model fo illusirale how mulliceflular orgonisms use milosis lo grow from a single-celled zygole after fertilization to a complex, mulliceliular organism.

{ can adjus! the second model 1o demonstrate milosis by showing that one parent cell including the zygole) staris the cell division and that iwo daughler cells are crealed al
theend.

e /con use the second model fo show thal each cell in complex organisms conlains Iwo copjes of each chromosome.
1 can use the second model lo show thal each member of this pair of chromosomes came from each of of Ihe orgonism’s parenls when lhe parenls’ sex cells joined logether
during ferlilization.
{ can use the second model lo connec! how the daughter cells receive their genes and chromosomes from ihe parenl cell (which is somelimes the zygote),
1 can use the second model lo connect thal the doughler cells crealed after milosis are genelically identical to each other and the parent cell fwhich is sometimes the
ayvgote).
T ermalive Assessment: Group hond-drown modet

EXPLAIN Activity: 3D Melosls Model
Time: 90

Maleriols Needed: Whalever (craft supplies if desired by sludenls)
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Subject: Biology Inheritance and Variation of Traits

Grade: 10th Grade Pacing: 6 weeks

Description: During this step, sludenls will be revising their model lo nclude new information ond evdance gathersd lrom Ihe exploration perfion of [he leaming sequence. They
will be creating @ 3D version of their model af this stage. As aresull of Ihe exploration, sludents car conslruat an understanidalbie norrolive that conmects inheritance of genes,
DNA expression into protein, and differenlialion of cells after milosis due lo gens: regulafion,
Teacher Actions: Sturden! Actions:
e Facililate sludent consiruclion of Iheir 3D models. e Groups will consider all previous revisions and revision choices to plon and creale a
e Remind lhem lo include all aspects of Ihe inherilance, genelic expression, and 3D model

differenlialion concepts. « Sludenis will creale a writlen narrative lo explain what is happening wilhin iheir 3D

e Remind students lo record and upload their understanding as it perlains to Iheir model
model « Record and upload a video of their group explaining whal is happening within their
3D model

Note: Include scaffolding and enrichment learning opportunities for this
activiy
Conneclion 1o Driving Queslion: Thin wil connect all the final missing espects of milosis, cell differentialion and how Irails are passed (rom porent to offspring.

Sludent Learning Torgals:

o Icancennect modelnumber one to model number two loillustrate that troit diffsrences between diftierent differentialed cell types is due fo diiferent expression of the genes
in the cell, not differences in the genes fhal are lhere.

e [can adjust and refine my model to demonstrale thal genes can be regulated fo prevent or allow he instructions to be used fo make proteins.

1 can adjust and refine my model o show how some regions of DNA wilhin a chromosome regulate the genes expressedin olher regions of the chromosome by acling as an

on-off swilch and Iherefore do not code for proleins directly.

1 can analyze the accuracy of my modie compared o whal actualiy happens dining mitasis,

1 can e he secand medal o damadnsirate that all éelts within an organism contain the same genes and chromosomes found in the original zygote.

1 can use the second model to show tha! each cellin complex organisms contains twi coples of each clramosome.

1 con use Ihe second model fo show that each member of this pair of chromosomes came from ewch of of the organism’s parents when fthe parenls’sex cells joined fogether

during fertilization,

1 can use the secand model fo demonstrate how chromosomes are replicated within the paren! cell before milosis completes.

e |canuse the second model to connect how the daughler cells receive their genes and chromosomes from the parenl cell (which is somefimes the zygole).

e Icanuse the second model fo connect thal the daughter cells crealed offer milosis are genetically idenlical to each other and the parent celf {which is sometimes the
zygote).

o | canuse the second model lo demonsirale differentialion as the process in which cells become specialized in their roles as a mulficellular organism develops from a zygole

Ihrough mitasis, which leads to differen! tissues and organs.
Formolive Assessmant: 30 medsl and noralive in videg

ELABORATE Activity: Blo-imb - Where's my arm?i (File In (older)

Time: 150
Materiois Nesded: A ficles/Videos, Bady Forl Candy Molds, Agar, Yeas!, Palrl Dish
Descrintion: Duririg 1hs s1ags, shidedta vill be applying IHeir few Understanding afinhotitanee, mnitoss, erid differentiation 1o the fechnalegy of bio-imb growdh. Sludenta wil be

posed 10 the new cal p { using bio-scalioid truct human lirmibs By implanting the seaffald wilh cels, which then undergo mifosts 1o il the scoffold, crealing
afully funetional, host-dedved argon.
Teacher Aclions: Student Actions:
o Introduce the concept of bio-limb construction e Understand the concept of bio-limb construction
e  Allow students to construct explanation for how bio-limb construction works based on e Create their own miniature bio-limb by following teacher procedure
their models depicting genetic expression, regulation, differentiation, and mitosis o Explain how bio-limbs are made using model created during Explain phase
o Provide students with the basic steps for building a bio-llmb, reminding them that they
will need to explain how it's possible to construct a bio-limb utilizing only a few seed Note: include scaffolding and enrichment learning opportunities for this
donor cells from the person receiving the bio-limb. activity.

Connection lo Driving Question: Studenls will be applying iheir new underslanding of mitosis, inheritance, genelic regulation, and differenliation to this concept of bio-limb
| generation.
Sludent Learning Targels:
e 1canuse the second model fo demonstrate differentiation as the process in which cells become specialized in Iheir roles as a multiceliular organism develops froma
zygote through mitosis, which leads lo differant lissues and organs.
o 1can use lhe second model to illusirate that mullicellular ergantsms use mitosis to reploce decd colts
Formalive Assessment: Explonation of how blo-imbs are greated using model

EVALUATE Activity:

Time:
Malerials Needed:
Descriplion: Mother and Father used IV, do nol befieve babyis blologically theirs.
Teacher Aclions: Student Aclions:

Connection 1o Drivin esfion:

Rubrlcs:

Note: Indicate the Anchor Activities, Formative Assessmenl(s), Performance Task(s), and Summative Assessment, where applicable.
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‘CREC Curriculum

Subject: Biology unit:  Inheritance and Variation of Traits
Grade: 10th Grade Pacing: 6 weeks
CREC NGSS Science Learning Sequence Detailed Plan Learning Sequence 2 of 3

UNIT Phenomenon: People in Alrica barn with albinism are targeled for violence,
Phenomenon Driving Question: How do we stop the violence against people wilh albinism?

Leaming Sequence 2 Maln Question: How do pew fralts come about?

Possible Student Queslions: Where did albinism slart? Who was Ihe firs! albino person? Why is Ihere albinism? Whal causes albinism? Is albinism a mutalion? How can
non-albino parents have albino children? Why are Ihere dilferenl versions of Ihe same Irait?

How does Learning Sequence 2 support sludenls in liguring out or solving lhe phenomenon? (from Unil Overview)

By ihe end of Learning Sequence 2, sludents will understand the process of meiosis and how Ihat coniribules to genelic variability. They will know Ihal meiosis creales sperm
and egg cells and thal a part of ihe process of meiosis includes Ihe mixing of their parent’s genes to create unique gameles, helping to explain why ihe same parenls don’t have
identical children {unless Ihey're idenlical Iwins). Because meiosis creales gametes, Ihey will understand why il is importanl for meiosis lo cut Ihe number of chromosomesin a

cellin hall before coniribufing il lo heir children. Students will understand the main processes Ihal cause mutations and which types of mutalions are passed on and which are
not. Lasty, they will learn that mutalions cause new Iraits.

What part of Ihe sioryline does 1his learning sequence address?
This addresses how new fraits come aboul and how they are passed on {o future olfspring.

Performance Expectatlons for Learning Sequence 2
Performance Expectation HS-153-2

HS-LS3-2. Make and defend o claim based on evidence Ihat inheritable genetic variations may result from: (1) new genelic combinalions Ihrough meiosis, (2) viable errors
occurring during replicalion, and/or (3) mulalions caused by environmenlal factors.

Clarification Statement: Emphasis is on using data to support arguments for the way varlation occurs,

Boundary: does not include the phases of melosls ar the biochemical mechanism of specific steps in the process
Science and Engineering Practices Disciplinary Care Ideas Cross Cutting Concepts
Engaging in Argument from Evidence Variation of Traits Cause and Effect
ng In from evid In 9-12 bullds on K-8 153.8: In sexuol rep: ' 4} Emplrical evidence is required to differentlate between
experlences and progresses to using appropriate and swap sections during the process of melosls {cell divisfon), cause and correlatlon and make clalms about specific causes
sufflcient evidence and sclentlific reasoning to defend and thereby ereating new genetic eomnbinations and thus more and effects
critique clalms and explanatlons about the natural and genetlc variation. Although DNA replication Is tightly
deslgned world(s). Arguments may also come from current d and remarkably errors do occur and
sclentlfic or historical episodes In science. Make and defend | result In mutations, whlch are also a source of genetic
a clalm based on evidence about the natural world that variation. Environmental factors can also cause mutations in
reflects scientific knowledge and student-generated genes, ond viable are inh |
evidence factors also affect expression of traits, and hence affect the
probability of occurrences of traits in a population. Thus the
variation and distribution of tralts observed depends on
both genetic and environmental factors

Student Learning Targets for Learning Sequence 2

I can:

make a claim and identify and describe evidence to support the idea that inheritable genetic variations may resuit from new genetic combinations through meiosis
make a claim and identify and describe evidence to support the idea that genetic variations may result from errors occurring during replication,

make a claim and identify and describe evidence to support the idea that inheritable genetic variations may result from mutations caused by environmental factors.
use scientific knowledge, literature, student-g ated data, simulations and/or other sources as my evidence to support the claim.

identify the strengths and weaknesses of the types and numbers of sources for the evidence used to support the claim,

identify the strengths and weaknesses of the success of the evidence in defending the claim

identify the strengths and weaknesses of the evidence of the relationships that cause the claim and of those that only correlate {relate) to the claim

identify the strengths and weaknesses of the validity and reliability of the evidence to support the claim.

use reasoning to describe the link between the evidence and the claim that genetic mutations produce genetic variations between cells or organisms.

use reasoning to describe the link between the evidence and the claim that genetic variations produced by mutation and meiosis can be inherited

use reasoning and valid evidence to describe that new combinations of DNA can come from several sources including meiosis, errors during replication, and mutations caused by
environmental factors,

defend a claim against counter-claims by evaluating the connection between the relevant and appropriate evidence of the counterclaim

defernd o clain oguinit counter-claims by evaluoting which claim is the stroigest.

Progresslon of Student Learning In this Learning Sequence Across the 3 Dimenslons

Prior Learning Fulure Learning

Sclence 5 Engineering By the end of grade B: By the end of grade 12:

Practices
Engaging In Argument from Evidence: Asking questions and defining problems ing in Arg| 1t from Evidence ing in arg from evidence in
in 6.8 builds on K-5 experiences and progresses to specifying relationships 9-12 builds on K-8 experiences and progresses to using appropriate and
between variables and clarifying orguments and models. sufficient evidence and scientific reasoning to defend and critique claims and
e Compare and critique two arguments on the same toplc and analyze explonations about the notyrel and designed workd(s). Arguments moy also
whether they emphasize simllar or different evidence and/or come from current sclentific or hlstoncal episodes In science.
interpretations of facts e Compore and evaluate ar or design solutions in fight
e  Respectfully provide and receive critiques about one’s explanations, of currently accepted explanations, new evidence, fimitations (e.g.,
procedures, modefs, and questions by citing refevant Ewdence and trade-offs), constralnts, and ethical issues.
posing and resp ing to ions that elicit pertir b and e  Evoluote the clmrns evldence, and/or reasoning behind currently
detail accepted expls or to de ine the merits of
e Construct, use, and/or present an oral and written argument supported arguments
by empiricol evidence ond sclentific reasoning to support or refute an e Respectfully provide and/or receive critiques on scientific arguments by
explanation or a model for a phenomenon or a solution to a problem. probing reasoning and evidence, challenging ideas and conclusions,

e Make an orol or written argument that supports or refutes the
advertised performonce of @ devire, process, or system based on

responding thoughtfully to diverse perspectives, and determining
additional information reguired to resolve contradictions.

Querview 6 Inslruclional Plan
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Subject: Biology

Grade:

10th Grade Pacing:

Inheritance and Variation of Traits

6 weeks

empitical evidence concerning whether or not the technology meets
relevant criteria and constraints

®  Construct, use, andfor present an oral ang written argument or
counter-arguments based on data and evidence.

®  Make ond defend a claim based on evidence about the natural world or
the effectiveness of a design solution thot reflects scientific knowledge
ond student-generoted evidence.

#  Evoluate competing design solutions ta a real-world problem based on
scientific ideas and principles, empirical evidence, and/or logical
arguments regarding refevant factors {e.g. economic, societal,

environmental, ethical consideration)

Disciplinary Core ldeas

By the eod of gradc 81

LS3.B: In sexnally reproducing organisms, each parent contvibutes half of the
genes acquired (at random) by the offspring. Individiuls have two of each
chromosome and hence 1wao alleles of each gene. vne acquired from eacl
paremt. These versions may be identical or may differ from each other.

In addition to variations that arise fiom sexual reproduction, genelic
information can be altered because of mutations. Though rare, mutations nay
result in churges 1o the structure and function of proteins. Some chunges are
beneficial, others harnfid, and some newtral to the organisni

End pf grade hand descriptions

LS4 A: Genetic information, like the fossil record, provides evidence of
evolution, DNA sequences vary wnong species, bid there are many overlaps; in
Jact, the ongoing branching that produces multiple lines of descent can he
inferred by comparing the DNA sequences of different organisms. Such
information is also derivable frons the similarities and differences in amino
acid sequences and from anatomical and embryological evidence

LS4.B: Nattral selection occurs only if there is both (1) variation in the
genetic information between organisms in a population and (2) variation in the
exprassion of thal genwtic information—that i, trait vaviaton—tlat feady o
differarices in perfivmimee among Individuals. The traits that positively affect
survival ae more likely to be reproduced. and thus are more common in the
papulation

LSA4.C: Evalution is a consequience of the inleraction of four factors: (1) the
potential for a species tu increase in number, (2) the genetic variation of
individuals in a species due to mutation and sexual reproduction, (3)
competition for an environment’s limited supply of the resources that
individuals need in order 1o survive and reproduce, and (4} the ensuing
proliferation of those organisms that are better able to survive and reproduce
in thot environment. Natural selection leads to adapration, that is, to a
population dominated by organisms that are anatomically. behaviorally, and
physiologically well suited to survive and reproduce in a specific environment
That is, the differential survival and reproduction of organisms in a population
that have an advantageous heritable trait leads to an increase in the
proportion of individuals in future generations that have the trait and fo a
decrease in the proportion of individuals that do not. Adaptation also means
that the distribution of traits in a population can change when conditions
change Changes in the physical environment, whether naturally occinring or
hiamant induced, have thus contributed 1o the expansion of some species, the
emergence of new distinet species as populations diverge wnder different
conditions. and the decli d imes the exinetion—of some specivs.
Specics become extinei becunse they can no longer survive and reprodice in
their altered environment. {f members cannos adjust to change that is too fast
or drastic, the opportunity for the species’ evolution is lost.

LS4.D: Humans depend on the living world for the resources and other
benefits provided by biadiversity. But human activity is alse huving adverse
unpacts on biodiversity thraugh overpopul, overexploitation, habitat
destruction, pollution, infroduction of invasive species, and climate change.
Thus sustaining hiodiversity so that ecosysiem functioning and productivity are
muintained is essential 1o supporting and enhancing life on Earth, Sustaining
biodiversity also aids himanity by preserving lundscapes of recreational or
inspirational value,

Cross Cutting Concapts

By the end of grade 8:

Cause and Effect: classify as causal or c
and recognize that correlation does not necessarily imply causation. They can
use cause and effect relationships to predict ph in natural or
designed systems. They afso understand that phenomena may have more
than one cause, and some cause and effect relationships in systems can only
be described using probability.

End of grade band descriptions:

Cause and Effect: students understand that empirical evidence is required to
differentiate between cause and correlation and to make claims about specific
causes and effects. They suggest cause and effect relationships to explain and
predict behaviors in complex notural and designed systems, They olso propose
causal relationships by examining what is known about smaller scale
mechanisms within the system, They recognize changes in systems may have
various causes thot may not have equal effects.

Reading
Writing
Mathematics

Connecticut Core Connections

Essential Skills Connections

SE Lessons for Learning Sequence 2

Time: 30 mins

phan Students b
Teacher Acliona:

undersianding

« Exposesludenls fo piclure of individuals wilh dark skin and blue eyes, arare

combinalion that many sludenls will not have been exposed lo.

» Ask sludents fo develop a defendable explanalion for Ihe cause behind the
uncornmon combination of traits.

= Shareideags, list Ihe possibililies on lhe board

» Aller sharing ideas, assign areas of room lo each explanation

» Have sludenlis sorl Inemselves into parl of room |hat corresponds lo Iheir

ENGAGE Activity: Dark-skinned people with blue eyes

Malerials Needed: pictures of dork-skinned people wilh blue eyes
thesize how fhese

o ended up wilh their uncammen trait comblhations based an the infuemation Ik

Stludenl Aclions:

e Analyze piclures given to lhem

e Individually hypolhesize how the dark-skinned individuals have lhe uncommon
Irait of blue eyes {(when generally dark-skinned individuals have brown eyes)

e Conlribuie lo group discussion of possibililies

e Within group, work lo provide dala/evidence to supporl your hypothesis

e Creale a”posilion paper” describing your individual stance and Ihe evidence Ihal
supportil
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Unit:  Inheritance and Variation of Traits

Subject: Biology

Grade: 10th Grade Pacing: 6 weeks

« Resume conversalion; ensure sludenls can defend iheir beliels and remind fhem to

Note: Include scaffolding and enrichment learning opportunifies for this
point out ihe causes of the effecl (blue eyes in dark-skinned individuals)

activity.

Connection lo Driving Queslion: Afler Ihis porlion of Ihe learning sequence, students should be able to formulaie inilial understandings and possible causes for the uncommon
combination of Iraits. Using their prior knowledge and their experiences from learning sequence one, we expecl many of Ihe oplions for the cause lo revolve around genelic
inheritanee, regulalion of expression, and/or mulations (depending on Ihe abilily to meel Ihe PE's for the Bth grade band).

Student Learning Targels:

e | canmake a claim andidentify and describe evidence o support the idea thal genelic vorialions may resull from errors occurring during replicotion.

e | can use scienlific knowledge, literalurs, student-generaled dalo, simulations and/or other sources as my evidence o support the claim

e Ican use reasoning fo describe the link between the evidence and the claim thal genelic mulations produce genetic varialions between cells or orgonisms.
Formalive Assessment: posilion paper

EXPLORE Activity: What Is melosis?
Time: 150 minutes
Malerials Needed: Sources fo help Ihem understand meiosis (animalions, leacher support, textbook); various types of pasta (at least 5 fypes); more examples of interesling frail
variations, some caused by replicalion errors during meiosis (BRCA), some caused by interesting combinalions during meiosis (labrador relriever puppy litter coal colors), and
some caused by slraighf-up environmenlal mutations {frogs with 6 legs)
Description: Exploralion will have Iwo stages: a mechanisms of meiosls stage and a causes of variation slage. Sludents will firs) learn aboul Ihe process of meiosis and will
creale apaslamadel showing the correc! way Ihal meiosis occurs, They will then be exposed fo other uncommon comblnalions of frails and will delermine the cause of lhe

Interesting ol varialion.

Teacher Aclions: Studenl Actions:
» Teacher will ask studenls to model how they lhink sperm cells and egg celis are s Use provided resources to learn Ihe mechanisms of meiosis and [he resulling

crealed using pasta (Each chromosome is represented by a dilferenl shaped
pasla). This will eslablish Ihe classroom rules of how meiosis works, lhus allowing
them lo all work from lhe some slarting point when discussing how varialions come
aboul, To help studenls establish rules governing meiosis, teacher can provide
videos and texlIs. Make sure siudents receive conneclion 1o crossing over (name
nolimporlant, idea that chromosome porlions can swap is} (60 mins)

e Teacher, aller [acilitating acquisilion of meiosis concepts, facililates Ihe modeling

varialion it causes

e Using paslaq, creale a model of the process of meiosis using {he eslablished
classroom rules

e Sludents will ihen be provided wilh dilferent examples of trail varialions and will
determine their cause (gene recombinalions during meiosis, mutalion caused by
replicalion errors during meiosis or environmenlal faclors that have caused a
mutalion,

ol meiosis using pasta.

e For lherest of lhe lime, teachers will direct studenls to explore differenl provided
varialions and research causes of Ihe variations, Teacher will provide sludents wilh
velled resources [or each varialion {breast cancer and BRCA, lab lifier coat color,
and frogs wilh six legs, for example), Each option provides a different avenue for
how new varialions are passed lo offspring afler meiosis is completed.

Note: Include scaffolding and enrichment learning opportunities for this
activity.

Conneclion o Driving Queslion: Affer this porlion of Ihe sequence, sludenis will begin 1o assume fhe unders!anding Ihal variations in Irails wilhin a poputalion are due lo errors

during meiosis, new combinalions Ihrough meiosis, and inherited errors caused by environmental faciors

Student Leaming Targels:

e I canmake a claim andidentify and describe evidence lo supporl the idea thal inheritable genetic variations may result from new genelic combinations through meifosis.

e I canmaoke aclaim and identify and describe evidence fo support the idea that genelic varialions may resuil from errors occurring during replication

e [canmake a claim andidenlify and describe evidence lo supporl the idea Ihat inherifable genelic varialions may result from mulations caused by environmenlal faclors.

e /conuse scientific knowledge, literalure, student-generated data, simulalions and/or other sources as my evidence to support the claim.

e /can use reasoning and valid evidence to describe thal new combinations of DNA can corne from severol sources including meiasis, errors during replicalion, and mufalions
caused by environmentlal faclors.

Formalive Assessmenl: Meiosis pasia model

EXPLAIN Activity: “Pasta-blithes”
Time; 80 minules

Malerials Needed: More pasta

Descriplion: Students will creale pasla models showing the Inree ways Ihat new Iraits come about in a population. They will Ihen creale a video recording of their models and
the explanations of how Iheir models exemplify Ihe Ihree ways thal new Irails can arise. Lasi Ihey will contribute to an online discussion commenling on the accuracy and
complelion of Iheir models.

Teacher Aclions: Sludenl Aclions:

e Direcl sludents to incorporate causes of varialion inlo their pasta models so that e Create new/update Iheir previously created pasta models lo show how the Ihree
Iheir final pasta models have the process of meiosis (restricted to replicalion and ways Ihat new hraits arise,
separalion inlo reduced chromosome number) and resulling sources of varialion. e Creale and upload a video {or Ihree videos) explaining how Ihey created their

e Facilitale the crealion of video reports allowing sludenls to explain how meiosis models and how Iheir models work
works and how it can resull in varialion (Ihe {hree main ways described above) e  Sludenls will parlicipale in an online discussion comparing lhe videos uploaded

e Create discussion board allowing studenls to engage in argument aboul whelher

evalualing how accurately each model portrayed the Ihree ways thal new iraits
each olher's video is accurate or not

can come about

Note: Include scaffolding and enrichment learning opportunities for this
acfivity.

Connectlion lo Driving Quesfion: At Ihis point, sludenls will have acquired the knowledge ihal allows them to answer Ihe question, "How do new traits come aboul?” Sludenls will
undersland thal new iraits/varialions are created as a result of meiolically-derived chromosomal combinalions, meiotic errors as a result of mistaken replicalion, or
environmenially caused mulations to DNA in a gene. Each of jhese resulls in new Irails being observed in a population.

Student Learning Targels:
» | canmake a claim andidenlify and describe evidence lo support the idea thal inheritable genelic varialions may resull from new genelic combinalions through meiosis.
1 can make a claim and idenlify and describe evidence lo supporl the idea thal genelic varialions may resull from errors occurring during replicalion.
1 can make a claim and identify and describe evidence to support the idea that inherilable genetic voriations may resulf from mulalions caused by environmeniol factors
I can use scienlific knowledge, fileralure, sludenl-generated data, simulations and/or other sources as my evidence fo support lhe claim.
1 canidenlify the sirengihs and weaknesses of the lypes and numbers of sources for the evidence used fo support the claim,
1 con idenlify Ihe strenglhs and weaknesses of Ihe success of the evidence in delending the claim
1 can use reasoning fo describe the link belween the evidence and the claim that genelic varialions produced by mutalion and meiosis can be inherited.
1 can use reasoning and valid evidence lo describe Ihal new combinations of DNA can come from several sources including meiosis, errors during repiicalion, and mutations
caused by environmental faclors.
e /candefend a claim agains! counter-claims by evolualing the conneclion belween the relevan! and appropriate evidence of the counlercioim.
e lcan defend a claim agains! counter-ciaims by evalualing which claim is the strongest.

Farmalive Assessment: Crealion of video(s) and analysis of olhers’ videos

ELABORATE Activity: Suparheros or just genetics?
Time: 150

Maleriols Needed: signs wilh superhero background stories, croft supplies

Descriplion; To elaborale Iheir undersianding, students will apply Iheir newlound understandings of sources of variafion lo the area of superheroes. Sludenls will be exposed lo
aclual “superhumans” and apply their underslanding of inheritance of trails to one of Iwo possible courses of aclion: (1) creale a new superhero wilh a biologically (genelically)
sound backslory explaining haw Ihal individual received his or her superpower or (2) pick a currenl superhero and argue thal ihal superherois Ihecrelically possible by giving a
genslic iz fo his or har orlgin slory,

‘Teacher Actions: | Shudent Aclions:

Overview 5 Inslruciional Plan
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Sublect: Biology Unit: Inheritance and Variation of Traits

Grade: 10th Grade Pacing: 6 weeks
» Infroduce the opic of superhumans by showing Ihem a clip of actual e Creole anew superhero ond ponding bockslory thol edplang how the
superhumans individual gained Iheir superpowers OR defend fenelicaily how they gained those
+  Asksiudents to pick one of iwo oplions: superpowers
o  Creale anew superhero «  After designing Iheir story, Ihey will have Ihree oplions to “presen!” Iheir product.
o Pick an exisling superhero o Creale anew comic book/story including the biologic explanalion of
@ Sludenls can Ihen create a product explaining how Ihe superhero became super how Ihey atlained Iheir superpowers
with a scienlifically sound origin story; sludenls should be encouraged to think of o Wirite a paper about Iheir characler and Ihe biologic explanalion of
\he three possible venues of varialion; they can write a paper, make a comic book, how they altained Iheir superpowers
make a video o

Creale a video about their character and Ihe biologic explanation of

» Teacher must make arubric lor assessing Ihe produci how they altained Iheir superpowers

Note: Include scaffolding and enrichment learning opportunities for this
aciivily

Conneclion fo Diiving Question: Studants will finally know Ihat new traits are developed in on of fhree ways: mulalions during meiolic replication, mutations from snwiranmisnial

factors, and new and unique combinations due to Ihe meiotic process. Students will be able to argue Iheir undersianding based of [ the evidence they collected during Ihe

euploralion s! 3

Sludon Leaming Torgets: . .

| eon make o claim and ideniify and describe evidénce fo support he idea thal inharitable genefic varfalions moy resulf from new genelie combinalions Mraugh meiosis.

1 ean make o claim ol identify ard describe eddence o suppon the idea thal genetic variolions moy resull frowm erraes poeurring during rephcation.

| can make a cloim and idenfify and describe evidence fo support the idea thal inhiesifable genelic varialiong moy resull from mufatiohs caused by erdronmental factos.

| can use soieniific ledge, Meratire, studeni-g fed dato, simutalions andfor oftier Sources a3 my evidence fo suppor the clain.

{can use reastning fo describe Ihe link between Ihe evidence and e claim thol genelicmulalions produce ganetic varialions befwesn cels or ovgonismas.

| can use reasoning lo describe the link between the evidence and the efaiim thal genelic variofions produced by mitatlon and meosis cof be inherfed,

| e wse reasoning and valid evidence te describe that new cambinalions of NA can caie trom several solrces inchiding molosis; errors during replication, and mutotions

coused by-environmantal factors.
Formalive Assessmanl Eam:i:rﬁtm {video, poper or comic)

EVALUATE Activity; Unit 2 Summative Assessment

Time: 30min

Materials Needed: Assessment

Blascriplion; Sludents will complele a 26 point, Ihree scenario assessmenl consisting of eleven open ended responses lo assess their understanding of the perormance
expreciolions for this lsaming sequence.

Teacher Aclions: Sludent Aclions:

e« Proclor ihe assessment # _ Taoke lhe assessment
Connection to Driving Quesiian: This will ossess hal students undersiond how new Irails corne oboul and hw they ore possed on 1af offspring.
Rubrlcs:

Note: Indicate the Anchor Activifies, Formalive Assessmeni(s), Performance Task(s), and Summative Assessment, where applicable.
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Subject: Biology

Grade: 10th Grade

|CREC Curriculum
Unit:

Paclng: 6 weeks

CREC NGSS Science Learning Sequence Detailed Plan

Inheritance and Variation of Traits

Learning Sequence 3 of 3

UNIT Phenomenon: People in Africa born with albinism are largeted (or violence.
Phenamenan Driving Question: How do we slap the violence against people wilh albinism?

Learning Sequence 3 Maln Question: Can we change or control traits?

Possible Sludent Queslions: Can we prevent or reverse albinism? Is albinism Irealable? If parenls have albinism, is Ihere any woy lo make sure iheir children don’l? Can we lest
for albinism? Why are Ihere more people with albinism in Africa? Is Ihere a way to save people with albinism?

How does Learning Sequence 3 supporl sludenls in figuring out or solving Ihe phenomenon? (from Unit Overview)

Whal part of ihe sloryline does this leamning sequence address?
This addresses why some {raits are more common than others in certain populafions andif designer babies is a viable solulion for undesirable traits

Studenls will learn and undersiand a populalion’s Irails will only reflect Ine genes present within the individuals of those populalions. Addilionally, they will begin lo see that
environmenlal (actors often correlate with a higher/lower distribution of specilic irails than is lypical elsewhere, During ihis learning sequence, sludenls will explore lhe idea of
genelic lesling and counseling with he end goal of evalualing the concept of designer babies, Students will research ways to test genetics, and Ihus leorn about howilis
possible to choose and selecl Ihe trails Ihat will resull in one’s offspring by seeking specific genes.

Performance Expectations for Leaming Sequence 3
Performance Expectation HS-153-3 & H5-ETS1-3

HS-LS3-3. Apply concepls of slatistics and probabilily lo explain ihe variation and distribulion of expressed trails in @ populalion
Clarificatlon Statement: Emphasis Is on the use of mathematics to describe the probability of tralts as It relates to genetlc and environmental factors In the expression of traits
Assessment Boundary: Assessment does not include Hardy-Welnberg calculations

HS-ETS1-3. Evaluate a solulion to a complex real world problem based on priorilized crileria and Irade-offs that account for a range of conslrainls, including cost, salety,
reliabilily and aesthelics as well as possible social, cullural, and environmental impacts

Science and Engineering Praclices

Disciplinary Core Ideas

Cross Cutting Concepts

Analyeing and Interpreting Data

Analyzing data In 9-12 bullds on K-8 experiences and
progresses to Introducing more detalled statistical analysls,
the comparlsan of data sets for conslstency, and the use of
madels to generate and analyze data. Apply concepts of
statistics and probability {Including determining function fits

Variation of Traits

153.8: Environmental! factors also affect expression of traits,
and hence affect the probability of occurrences of traits In @

fe Thus, the ond distrib of traits
observed depends on both genetic and environmental
Jactors.

Scale, Praportion and Quantity

Algebralc thinking Is used to examine scientific data and
predict the effect of a change In one variable on another
{e.g., linear growth vs. exponential growth).

to data, slope, intercept, and correlation coefficlent for
::::Lﬁ:} :c;;;lenllﬂc and englneering questions and Developing Possible Solulions
€T51.8: When evalugting solutlons, it Is important to take
Into account a range of constraints, including cost, safety,
reliablitty, and aesthetics, and to consider social, cultural,
and environmental impacts.

Constructing Explanations ang Designing Solutions

Constructing and desij 1l In 8-12
builds on K-8 experlences and progresses to explanations
and designs that are supported by multiple and

Independent student-f d sources of svidenca
conslstent with sgientific ideas, principles and theorins.
Evaluate 3 solution Lo # complex real-wordd problem, based
on sclentific knowledge, student-genarated sources of
evidence, prioritized eriteria, and tradeoff considerations.

Student Learning Targets for Learning Sequence 3

e organize the given data by the frequency of the expressed traits in the population,

e organize the given dota by the distribution of the exp. traits in the popu

e organize the given data by the variation of the expressed traits in the population

e perform and use probability measures of the given data to determine the relationship between a trait’s occurrence within a i
popuiation.

o recognize and use patterns to predict the changes in troit distrib

distribution of expressed traits,

describe the expression of a chosen trait (and its variations) as being caused by or as being correlated (just related) to some environmental factor based on reliable evidence.

generate a list of three or more realistic criteria and two or more constraints {including cost, safety, reliability and how the solution looks) for an acceptable solution to o complex
real-world problem,

e assign priorities for each criterion and constraint to ollow me to logically and systematically evaluate alternative solution proposals.

e analyze and describe the strengths and weaknesses of the solution with using the criteria and constraints, the environmental impacts, as well as how well the solution would be socially
and culturally accepted.

e describe possible barriers to using each solution thinking about the cultural, economic {financial), or other sources of resistance for each possible solution

e provide an evidence-based decision of which solution is best, based on prioritized criteria, analysis of the strengths and weaknesses (costs and benefits) of each solution as well as the
barriers to be overcome.

e describe which parts of the complex real-world problem might remain even if the proposed/selected solution is implemented

and the envir { factors impacting the

within a fation if envil f change as a way to analyze and interpret data used to explain the

Progression of Student Learning in this Learning Sequence Across the 3 Dimensions

Prior Learning Fulure Learning

Science & Engineering | By the end of grade 8; By the end of Grade 12:
Praclices
Analyzing and Interpreting Dala: Analyzing data in 6-8 builds on K-5 Analyzing and Interpreting Data: Analy2ing data in 9-12 bulids on K-8
experiences and progresses to extending quantitative analysis to experiences and progresses to introducing more detailed stotistical analysis,
Orvaview B Do bross Hhovidit Pigan Slogy 1) Dl ad Hetulls Sio aron| Ewdence
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Grade:
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Pacing: 6 weeks

invpstigotians, distingulshing between correlation ond causation, tifid busk:
statistical techniques of data and error analysis,

Construct, analyze, and/or interpret graphical displays of data ond/or
farge data sets to identify inear and nonlinear relationships

Use grophical displays (e.g., maps, charts, graphs, and/or tables) of large
data sets to identify temporal and spatial refationships.

Distinguish between causal and correlational relationships in data.
Analyze and interpret data to provide evidence for phenomena.

Apply concepts of statistics and probability (including mean, median,
mode, and variability) to onalyze and characterize data, using digital
tools when feosible.

Consider limitations of data analysis {e.g, measurement error}, and/or
seek ta improve precision and accuracy of data with better technological
taols and methads (e.g., multiple trials).

Analyze and interpret data to determine similarities and differences in
findings,

Analyze data to define an optimal op { range for a prop

q

the comparison of data sets for consistency, and ihe use of models to generate
and analyze data.
®  Analyze dato using tools, technologies, and/or models (c.g.,
computational, mathematical) in order to make valid and reliable
scientific claims or determine an optimal design solution.
o Apply concepts of statistics and probability (including
function fits to data, slope, intercept, and correlation coefficient for
linear fits) to scientific and engineering questions and problems, using
digital tocls when feasible.
e  Consider limitations of data analysis {e.g., measurement error, sample
selection) when anolyzing and interpreting data.
e Compare and contrast various types of data sets (e.g., self-generoted,
archivalj to i is y of and observations.
e  Evaluate the impact of new dota on a working explanation and/or
model of a proposed process or system.
e  Anolyze dato to identify design features or characteristics of the

object, tool, process or system that best meets criteria for success.

Constructing Explanations and Designing Solutions: Constructing
and designing solutions in 6-8 builds on K-5 experlences and progresses to

include constructing expl and 1t supported by
multiple sources of evidence consistent with scientific ideas, principles ond
theories.

e  Construct on that includes qualitative o

r
relationships between variobles that predict{s) and/or describe(s)
phenomena.
Construct an explanation using madels or representations.
Construct a scientific explanation based on valid and reliable evidence
obtained from sources (including the students’ own experiments) and the
assumption that theories and lows that describe the natural world
operate today os they did in the past and will continue to do so in the
Juture.
Apply scientific ideas, principles, and/or evidence to construct, revise
and/or use an explanation for real-world phenomena, examples, or
events.
Apply scientific reasoning to show why the data or evidence is adequate
Jor the explanation or conclusion

comp ofa d process or system to optimize it relative to
criteria for success.

Constructing Explanations and Designing Solutions Constructing explenations
and designing solutions In 9~-12 builds on K-8 experiences and progresses to
explanations and designs that are supported by muitiple ond independent
student-generated sources of evidence consistent with scientific ideas,
principles, and theories.

e Makeaq and/or cloim
between dependent ond independent variobles,

e  Construct and revise an explanation bosed on valid and reliable
evidence obtalned from a varlety of sources (including students’ own
investigations, models, theories, simulations, peer review) and the
assumption that theories and laws thot describe the natural world
operate today as they did in the past and wilf continue to do so in the
future,

e  Apply scientific ideas, principles, and/or evidence to provide an
explanation of phenomena and solve design problems, taking into
account possible unanticipated effects,

o Apply scientific reasoning, theory, andfor models to link evidence to the
claims to ossess the extent to which the reasoning and data support the
explanation or conclusion.

s Design, evaluate, and/or refine a solution to a complex real-world
problem, based on scientific knowledge, student-generated sources of

ding the relationshi

Disciplinary Core Ideas

By the ¢ad of grade &

LS3.B: In sexnally reproducing organisms, each parent contributes half of the
genes acyuired (at random) by the offspring. Individuals have two of each
chromosome and hence twa alleles of each gene. one acquired from each
parent, These versions may be identical or mav differ from each other.

In addition to variations that arise from sexual reproduction, genetic
information cwn be altered because of mutations. Though rave, mindtions may
result in changes o the strictire and fimction of proteins. Some changes are
heneficial, others harmfil, and some neutrul 1o the organism

ETS!1 B: Developing Pussible Solutions There are systematic processes for
evaluating solutions with respect to how sell they mect the criteriu and
constraints of a problem. Sometimes pavts af iifferent solutions can be
combined 1o create a solution that is hetter than any of its predecessors

ETS1.C: Optimizing the Design Solution Although one design imay not
perform the besi across all tests, identifying the characteristics of the design
that performed the best in cach test cun provide wsefid information for the
redesiyn process—that is, some of thuse characteristics may be incorporated
into the new design

By the end of Grade 12:

1S4 A: Genetic information, like the fossil record, provides evidence of
evolution. DNA sequences vary among species, but there are many vverlaps; in

fact, the ongoing branching that produces multiple lines of descent can he

inferred by comparing ithe DNA sequences of different organisms. Stich
information is also derivable from the similarities and differences in amina
acid sequences and from anatomical and embryelogical evidence

LS4.B: Natural selection occurs only if there is both (1) variation in the
genetic information between organisms in a poptdation and (2) variation in the
expression of thal geselic inforaystlin --fhu 1. trait varrlitiion—thit feds i
differences in perfarmiance among imbwidals. The raits that pesitively affect
survival are mare likely 1o be reproduced, and thus are more common in the
population

LS4.C: Evolutian is a consequence of the interaction of four fuciers: (1) the
potential for a species 1o increase in number, (2) the genctic variation of
individuals in a species diie to mutation and sexval reproduction, (3)
competition for an environment’s limited supply of the resotrces that
individuals need in order to survive and reproduce, and (4) the casuing

suidence, praritized crtertn, and trodenff considarations

proliferation of thuse organisms thut are better able to swvive and reproduce
in that environment, Natral selection leads 1o aduptation. that is, to a
popalation dominated by organisms that ure anatomically, behaviorally, and
physiologically well suited 1o sinvive and reproduce in a specific environment
That is, the differential survival and vepioduction of organisms in a popudution

that have an advantugeous heritable trait leads 1o an increase in the
proportion of individuals in future generations that have the trait and fo
decrease in the proportion of individuals that dv not. Adaptation also meuns
that the distribution of traits in a population can change when conditions
change. Changes in the physical environment, whether naturaliy occurring or
human induced, have thus cont ibuted to the expansion of some species, the
emergence of new distinci species as populutions diverge under different

diti and the decli imes the extinction—of some species.
Species become exinct becanse they can no longer survive and reprodiice in
their altcred environment: If members cannot adjust 1o change thut is tao fust
or drastic, the opportumity for the species* evoltion is lost

LS4.D: Humans depend vn the living world for the vesources and other
benefits provided by biodiversity. But humem activity is also having adverse
impacts on biodiversity thiough overpopulation, overexploitation, habitat
destruction, pollwtion, infroduction of invasive species, and climate change.
Thus sustaining biodiversity so that ecosystem jiunctioning and productivity ae
maintained is essential to supporting and enhancing life on Earth. Sustaining
hiodiversity ulso aids lmanity by preserving landscapes of recreationdl or
inspirational value

ETS1.B: Developing Possible Solutions Both physical models and computers
can be used in various ways to aid in the engineering design process.
Computers pre wieful for a varlety of purposes, soch as runnlhg simulotiony to

Qverview 6 Inslruclional Pl

o Recutly




Subject: Biology Unit:  Inheritance and Variation of Traits

Grade: 10th Grade Pacing: 6 weeks

test different ways of solving a problem or to see which one is most efficient or
economical; ond in making a persuasive presentation to a cfient about how o
iven design will meet his or her needs

Cross Cutting Concepts | By the end of grade 8: By the end of Grade 12:
Scale, Proportion and Quantity: students observe time, space, and energy Scale, Proportian and Quantity: students understand the significance of a
phenomena at various scales using models to study systems that are too lorge | phenomenon is dependent on the scafe, proportion, and quantity at which it
or too small. They understand phenomena observed at one scale may not e occurs, They recognize patterns observable at one scale may not be
observable at another scale and that the function of natural and designed obsesvable or exist ot other scales, and some systems can only be studied

systems may change with scale. They use proportional relationships to gather | indirectly as they ore too small, too large, too fost, or too slow to observe
information about the magnitude of properties and processes. They represent | directly. Students use orders of magnitude to understand how a model at one
scientific relationships through the use of algebraic expressions and equations, | scale relates to o model ot another scale. They use algebraic thinking to
examine scientific data and predict the effect of o change in one varioble on
Influence on Engineering, Technology, and Science on Society and the Natural | another (e.g., linear growth vs. exponentia! growth).

World: All human activity draws on natural resources and has both short and

long-term consequences, positive as well as negative, for the health of people Influence on Engineering, Technology, and Science on Society and the Natural
and the natural envil The uses of technologies and any limitations on | World: Scientific knowledge is a resuit of human endeavor, imagination, and
their use are driven by individual or societal needs, desires, and values; by the creativity. Individuols and teams from many nations and cultures have
findings of scientific research; and by differences in such factors us climate, contributed to science and to advances in engineering, Scientists’

natural resources, and economic conditions. Technology use varies over time backgrounds, theoretical commitments, and felds of endeavor influence the
and from region to region. nature of their findings. Technological advonces hove influenced the progress

of science and science has influenced advances in technology. Science and
engineering are influenced by society and society is influenced by science and

engineering.
Connecticut Core Connections Essential Skills Connections
Reading
Writing

Mathematics

SE Lessons for Learning Sequence 3
ENGAGE Activity: Geographlcal Distribution of Sickle Cell Anemia

Time: 50 minules

Materials Needed: Dala for sickle-cell anemia irends, colorable maps of Ihe world

Descripfion: In Ihis slage of the leaming sequence, students will be inilially exposed 1o the idea ihat geographical characierislics and environmenlal factors can defermine how
common a specific trait is in a population. Sludents will explore the relationship belween disirlbution of Irails, specifically sickle-cell anemia, and environmental factors, in this
case the commonglity of malaria in greas around lhe equalor.

Teacher Aclions: Student Aclions:

» Disseminale dala for distribution of sickie-cell anemia by world region e Siudenis will analyze given data and will sort it based on a variety of faclors,

# Asksludenls toulilize dala lo color in maps based on rates of sickle-cell anemia localion of cases, severily of cases and by how many cases are in a given localion

#» Hovesludents creale undersionding of Irends; uncover correlation belween lo analyze whether Ihere is a relationship between Ihe geographic
localion and rales of malaria localion/faclors and Ihe expression of Ihe sickle cell frait

e Present hypolhelical silualion where new sirains of malaria are discovered lo e Color world maps lo show the dislribulion of sickle cell across the world
survive in lemperate climales of norlhern US; {acililate discussion explaining whal e Predicl Ihe oulcome of the proposed hypothelical scenario, faking into accounl
would happen prior learning (rom previous learning sequences

» Direcl sludenls lo conslruct grophs Ihat represenl whal Ihey perceive lo be the e Creale a graphical represenlalion depicling their prediclion of the disfribulion of
chonge in distribution in sickle-cell Iraits in Ihe US after Ihe environment changes sickle cell in Ihe US refleclive of the lhe new environmenlal condilion juslifying

Iheir rationale wilh a narralive

Note: Include scaffolding and enrichment learning opportunities for this
activity.
Conneclion to Driving Queslion: As aresult of Ihis porfion of Ihe learning sequence, sludenlis will come lo understand Ihal [he environment has an effecl on how commonly a

specific Irail fand fhus gene) appears in a populalion. Therefore, ihey will redlize Ihat allhough genes encode for and determine Irails, Ihey can be controlled by Ihe environment
with reqards to whelher or not thal frail is present in Ihe populalion

Sludenl Learning Targets:

e [can orgonize the given dala by the frequency of the expressed Irails in the popuiation.

e /can organize the given data by the disiribution of the expressed irails in the population.

e | canorganize the given dala by the variation of the expressed Irails in the populalion,

e [can perform and use probability measures of ihe given dala lo defermine the relationship between a Irail’s occurrence wilhin a population and the environmental
factors impacting the population,

e icanrecognize and use pollerns lo predict the changes in trait dislribulion within a population if environmenlal variables change as a way lo analyze and inlerprel dalo
used {o explain the distribution of expressed lrais.

e Ican describe lhe expression of a chosen Irail {and ifs variations) as being caused by or as being correlaled (jusi relaled) to some environmenlal factor based on relioble
evidence.

Formallve Assessmon!; grophical representolion and normolive

EXPLORE Activity: Gel Electrophoresls
Time: 180 minutes

Malerials Needed: Elecirophoresis malerials (chamber, iray, power supply, pipeles)

Descriplion: For exploralion, Ihe sludenls will be inlroduced to the concepi of genelic tesling lo idenlify individuals wilh a specific gene, Specifically, students are going to learn
aboul the process of eleclropharesis. After that, sludenls will (as a class) invesligale the DNA of fwo groups of individuals. One sel of samples will be from American cifizens and
one set of samples will be Tanzanion individuals. Sludents will use this task to find an association belween Irail varialion distribulion and environmenigl faclors.

Teacher Aclions: —| Sludenl Aclions:

s Teacher wil prepare exploration aclivily ulilizing paper fragments to simulale gel e Sludenls will complele a paper gel eleclrophoresis aclivily/iEauTTeEE] o
eleclrophoresis. Teacher will need to facililate aclivity by helping sludenls fo understand Ihe basics of how elecirophoresis works (emphasis on the size of DNA
discover thal smaller genes iravel faster in a gel electrophoresis thal larger segmenls and how far dilferenl sized segmenls iravel)
fragmenls. e Sludents will be given DNA samples 1o analyze through real gel elecirophoresis

e Teaocher willinlraduce genelic tesling lask by explaining to sludents Ihe difference {echniques
in length of the albinism gene (il's shorter due to delefion, al least for Ihe version of e Sludenls will share individual data wilh Iheir classmales to delermine ihe number
albinism we're focusing on) of individuals [rom each counlry Ihal have albinism

e Teacher gives each sludent a represenialive sample of DNA (in realily, lubes will e They will then delermine which couniry would have more cases of albinism and
conlain blue food coloring 1o indicate DNA indicalor, red dye loindicale albinism why and will juslily Iheir reasoning during Ihe explain phase

gene, and yellow dye to indicale normal pigmentalion dye)
e Teacher [acilitates eleclrophoresis aclivity; red dye iravels faster, thus indicating

Nole: include scaffolding and enrichment learning opportunities for this
individuals with albinism

activity.
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# Teacher lhen formulales discussion where siudenls delermine ihal Tanzanian
individuals have a higher rate of albinism and that Ihose with Ihe albinism gene
can be identified by using elecirophoresis

e Teacher will disseminate similar dala piclures of eleclrophoresis gels lo sludents
to analyze (Ihese gels will be reflective of the before and after genelic tests of
individuals in Ihe hypotheiical malaria case from ENGAGE)

Connection fo Driving Queslion: This will show how o idenlify Ihe genes Ihat control Ihe traits It eueeskion 5o 1hol Irait can polenlially be changed or conltrolled. It also furthers lhe

understanding Ihal geographical location diclales Ihe distribulion of Iralls by offecling ihe genatics af (e popwlalion hore.

Sludeni Learning Targets:

e Ican perform and use probabilily measures of the given data fo determine the relationship between o trait's occurrence wilhin a population and the environmenlal foctors
impacling the population.

e [canrecognize and use paiterns to predict the changes in traif distribution within a populalion if environmenial variables change as a way fo analyze and inferpret daota

used {o explain the distribution of expressed trails.
Formalive Assessment: Analysis of differenl gels ihal represand Ihe before and alter of Ihe hypolhelical US malaria situalion fromm he Engage phase of this sequence {to show if
{hey can canndc! e ldsa of whol o ge shows 1o ha fraquency of o trail ino pepulation),

EXPLAIN Activity: Gel Electrophoresis Lab Report

Time: 40 minules
Materials Needed: compuler access, lab report rubric, previously altained lab dala and researched evidence

Descriplion: Students will create a lab repor! for Iheir gel elecirophoresis labs. In Ihis repor! Ihey will explain their dala, explain the analysis of iheir data, and justily Iheir final
decisions (about which country each group of individuals are from) wilh data collected, new learning from this and {he previous learning sequence and any researched evidence
acquired.

Teacher Aclions: Sludent Aclions:

e Teacher monifors and assisls sludents wriling their reporis e Sludenls will finish collecling all necessary dala/evidence and will write iheir lab
e Teacher will create in advance and review lab reporl rubric reporis.

Note: Include scaffolding and enrichment learning opportunities for this
aclivity.

Connection to Driving Queslion: This will again furlher enforce Iha! geographical location dictales the dislribution of Iraits affecting Ihe genelic expression of trails in lhe

populalion.

Siudeni Learning Targels:

e | canperform and use probabilily measures of the given dala fo delermine the relalionship between a Irait’s occurrence within a populalion and the environmental factors
impacling the population

e Icanrecognize and use pallerns fo predict the changes in rail dislribution within a population if environmental variables change os away lo analyze and interpret dala
used fo expluii the dislribution of expressed Irails.

e /con describe the expression of a chosen Irail (andits varialions}as being caused by or as being correlated fjusi relaled) fo some environmenial factor based on reliable
evidence.

Farmallve Assessmen|: Lab reparl

ELABORATE Acthity: CRISPR/Deslgner Bables
Time: 150 minules

Malerials Needed:

Descriplion: Studenls will determine whelher the CRISPR techniques applied fo Ihe bigger concept of designer babies is a possible solulion for the changing and/or controlling
of less desirable trails wilhin a populalion.

Teacher Aclions: Student Aclions:

e Teacher begins group discussion aboul lab reports and what sludents discovered | o  Parlicipalein group discussion aboul Ihe importance/purpose of genelic lesling
and explained from {he eleclrophoresis aclivily and gently directs conversalion ot and identilying individuals wilh specific Irails/genes
the question of “What's Ihe painl? Why do we care that we can test for genes in e Learn aboul CRISPR and participale in discussion on what it could be used for
individuals considered lo be “al risk” for unfavorable Iraits? and begin learning about designer babies

e Teacherinlroduces lopic of CRISPR by giving sludenls aresource wilh e Research Ihe CRISPR and formulale an opinion |o answer Ihe queslion: should we

information on Ihe gene splicing lechnology

be able lo use CRISPR to search for specific genes and lhen cul them out so that
s Discuss what uses Ihis technology might be used for, with a gentle nudging

our babies don’l have sickle-cell anemia, albinism, blue eyes, whatever people

towards Ihe concepl of a designer baby (students will remember that every cellin might not wani?
a mullicellular organism has the same DNA.., using CRISPR to delete every copy e Prepare (or next class which will be devoied to a class debate of pro vs.con:
of an unfavorable gene in every cell is not oftenlimes feasible) should people be able o design their babies?

e Have sludenis research the CRISPR and formulale an opinion lo answer lhe
question: should we be able fo use CRISPR lo search (or specific genes and Ihen Note: include scaffolding and enrichment learning opportunities for this
cul them oul so thal our babies don't have sickle-cell anemig, albinism, blue eyes, o

X aclivity.

whalever people mighl nol wanl?

e Inform sludents thal Ihe next class will be devoted lo a class debale of pro vs, con:
should people be able to design their babies?

e Focililale debate; remind sludents of classroom expeclalions and Ihat datamusl
be used lo back up their siances

Gannection 1o Driving Queslion: Finally, sludenls can discuss and detiafe 1he cullural, social, cosl, environmental, rellabiiily and safely ol designer bohies, Sludenis shouwld be

able lo egrrenlly siale Ihat Irait distribution oflen cairelates fo environmenlat faclors, and that fhose iraits {or rather, the genes Ihat encode for Ihem) can be tesled for. Because

of i work wilh CRISPR, they wil be able to discuss the possiblilty of confroling o gene, bolh good and bad,

Siudenl Learning Targels:

e /candescribe the expression of a chosen traif (and its variations) as being caused by or as being correlated (jus! related) 1o some environmenlal faclor based on reliable
evidence,

e Icangenerale alist of hree or more rediistic criteria and two or more constraints (including cosl, safely, reliability and how fhe solution looks) for an acceplable solution 1o a
complex real-world problem.

| ean assign fes foy each catedon

and constiaint to allsw me o logically ond systemalically evajuate effernalive solufion
alion for fhe debale

EVALUATE Activity: WHO Debate on Utillzing Designar Bables to Prevent Afrociffes Agalnst People With Albinism
Time: 30 minules

Malerials Needed:
Descriplion:
Teacher Aclions: Sludent Actions:

Connection lo Drvin estion:
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CREC riculum

Subject: Biology Unit:  Inheritance and Variation of Traits

Grade: 10th Grade Pacing: 6 weeks

Rubrics:

Note: Indicate the Anchor Activilies, Formative Assessmenlt(s), Performance Task(s), ond Sumimative Assessment, where applicable,
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CREC NGSS Assessment Tracking & Summary

Course: Biology
Unit: Inheritance and Variation
Learning Sequence: 1

NGSS Performance Expectations Assessed:
e  HS-LS3-1. Ask questions to clarify relationships about the role of DNA and chromosomes in coding the instructions for
characteristic traits passed from parents to offspring.
e  HS-LS1-4. Use a model to illustrate the role of cellular division (mitosis) and differentiation in producing and maintaining
complex organisms,
Practices: Asking Questions and Defining Problems, Developing and Using Models
e Crosscutting Concepts: Cause and Effect

Learning Targets:

1. create a model to show the cause and effect relationship where DNA/genes cause traits to appear in organisms by
containing the instructions (“recipe”) for how to build proteins and that the proteins affect the organism’s traits.

2. create a second model to illustrate how multicellular organisms use mitosis to grow from a single-celled zygote after
fertilization to a complex, multicellular organism.

3. adjust the second model to demonstrate mitosis by showing that one parent cell (including the zygote) starts the cell
division and that two daughter cells are created at the end.

4. use the second model to demonstrate that all cells within an organism contain the same genes and chromosomes found in
the original zygote.

5. use the second model to show that each cell in complex organisms contains two copies of each chromosome.

6. use the second model to show that each member of this pair of chromosomes came from each of of the organism’s
parents when the parents’ sex cells joined together during fertilization.

7. use the second model to demonstrate how chromosomes are replicated within the parent cell before mitosis completes.

8. use the second model to connect how the daughter cells receive their genes and chromosomes from the parent cell (which
is sometimes the zygote).

9. use the second model to connect that the daughter cells created after mitosis are genetically identical to each other and
the parent cell (which is sometimes the zygote).

10. use the second model to demonstrate differentiation as the process in which cells become specialized in their roles as a
multicellular organism develops from a zygote through mitosis, which leads to different tissues and organs.

11. use the second model to illustrate that multicellular organisms use mitosis to replace dead cells.

12. connect model number one to model number two to illustrate that trait differences between different differentiated cell
types is due to different expression of the genes in the cell, not differences in the genes that are there.

13. adjust and refine my model to demonstrate that genes can be regulated to prevent or allow the instructions to be used to
make proteins.

14. adjust and refine my model to show how some regions of DNA within a chromosome regulate the genes expressed in
other regions of the chromosome by acting as an on-off switch and therefore do not code for proteins directly.

15. analyze the accuracy of my model compared to what actually happens during mitosis.

16. ask questions about the phenomenon that can be scientifically tested.

Video . Learning Point
Portion Question Text PE Target(s) Expected Response Value
1 An explanation of what a traitis, how it HS-183-1 | 1,5,6

is determined, and the source from
which organisms get their traits
Depiction of the process of fertilization
and how it affects inheritance of traits
Appropriate analysis of the number of
chromosomes, and thus genes, a
sexually reproduced offspring, such as a
human child, receives
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Learning Sequence 1 Assessment Task

Target Performance Expectations, Practices and Crosscutting Concepts

HS-LS3-1. Ask questions to clarify relationships about the role of DNA and chromosomes in coding the instructions for characteristic traits
passed from parents to offspring.

HS-LS1-4. Use a model to illustrate the role of cellular division (mitosis) and differentiation in producing and maintaining complex
organisms.

Practices: Asking Questions and Defining Problems, Developing and Using Models

Crosscutting Concepts: Cause and Effect

Learning Targets for Sequence:

create a model to show the cause and effect relationship where DNA/genes cause traits to appear in organisms by containing the
instructions (“recipe”) for how to build proteins and that the proteins affect the organism’s traits. (1)

create a second model to illustrate how multicellular organisms use mitosis to grow from a single-celled zygote after fertilization to a
complex, multicellular organism. (M)

adjust the second model to demonstrate mitosis by showing that one parent cell (including the zygote) starts the cell division and that two
daughter cells are created at the end. (M}

use the second model to demonstrate that all cells within an organism contain the same genes and chromosomes found in the original
zygote. (M)

use the second model to show that each cell in complex organisms contains two copies of each chromosome. (i)

use the second model to show that each member of this pair of chromosomes came from each of of the organism’s parents when the
parents’ sex cells joined together during fertilization. (1)

use the second model to demonstrate how chromosomes are replicated within the parent cell before mitosis completes. (M)

use the second model to connect how the daughter cells receive their genes and chromosomes from the parent cell (which is sometimes
the zygote). (M)

use the second model to connect that the daughter cells created after mitosis are genetically identical to each other and the parent cell
(which is sometimes the zygote). (M)

use the second model to demonstrate differentiation as the process in which cells become specialized in their roles as a multicellular
organism develops from a zygote through mitosis, which leads to different tissues and organs. (D)

use the second model to illustrate that multicellular organisms use mitosis to replace dead cells. (D)

connect model number one to model number two to illustrate that trait differences between different differentiated cell types is dueto
different expression of the genes in the cell, not differences in the genes that are there. (D)

adjust and refine my model to demonstrate that genes can be regulated to prevent or allow the instructions to be used to make proteins.
(D)

adjust and refine my model to show how some regions of DNA within a chromosome regulate the genes expressed in other regions of the
chromosome by acting as an on-off switch and therefore do not code for proteins directly. (D)

analyze the accuracy of my model compared to what actually happens during mitosis.

ask questions about the phenomenon that can be scientifically tested.




Scenario: Students at the local middle school have welcomed a new member into their eighth grade
classroom. The new student has a trait where he has six fingers on one hand instead of five, as seen in the

picture below:

The students are extremely interested in how the student obtained his sixth finger and why it only appears on
one hand and not both. The teacher of the eighth grade science class at the middle school, knowing you have
worked on genetics and inheritance for the last few weeks, asks you to create a video that she can show her
classes to demonstrate to them where their classmate got this six-finger traits. You will do this with a stop

motion video, and it will be done in three parts.

Portion 1 - Model of Fertilization and Inheritance
Create a stop motion video that demonstrates the concept of inheritance as you have come to understand it
through your activities during this unit. Your video must include the following:

e An explanation of what a trait is, how it is determined, and the source from which organisms get their

traits

e Depiction of the process of fertilization and how it affects inheritance of traits

e Appropriate analysis of the number of chromosomes, and thus genes, a sexually reproduced offspring,
such as a human child, receives

Your video for this portion will be assessed utilizing this rubric:

all those standards
marked with an (1)
with a high level of
understanding and
rigorous model
explanation

addresses all those
standards marked
with an (1) with an
appropriate level of
understanding
fitting of a high
school student

those standards
marked with an (1),
failing to address
one

Area of Rubric 4 - Exemplary 3 - Proficient 2 - Developing 1 - Needs Further
Work
| - Inheritance Stop motion film Stop motion Stop motion Stop motion
superbly addresses | adequately partially addresses | partially addresses

those standards
marked with an (1),
failing to address
two or more
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Portion 2 - Model of Mitosis
Now that you have created a stop motion video that demonstrates the concept of inheritance as you have
come to understand it through your activities during this unit, create a second video that demonstrates how
the newly formed zygote exhibits that trait as it develops into a fully grown human baby. Your video must

contain:

e An explanation of the process of mitosis, including what it starts with, what it ends with, and how the
products compare to each other
e Depiction of the development of a multicellular organism from a zygote and how the genetics of the
individual are affected

Your video for this portion will be assessed utilizing this rubric:

all those standards
marked with an (M)
with a high level of
understanding and
rigorous model
explanation

addresses all those
standards marked
with an (M) with an
appropriate level of
understanding
fitting of a high
school student

those standards
marked with an
(M), failing to
address one or two

Area of Rubric 4 - Exemplary 3 - Proficient 2 - Developing 1 - Needs Further
Work
M - Mitosis Stop motion film Stop motion Stop motion Stop motion
superbly addresses | adequately partially addresses | partially addresses

those standards
marked with an
(M), failing to
address three or
more

Part 3 - Model of Differentiation
Now that you have created a second video that demonstrates how the newly formed zygote exhibits that trait
as it develops into a fully grown human baby, you must create a third video that explains to the students why
the six-finger trait doesn’t appear on both hands. Your video must contain:
e An explanation of how cells start to specialize during the development of the embryo
e A depiction of what causes different types of cell to develop during the growth of an organism

e Demonstration of how some genes can act as switches for others, leading to different gene expressions
in different parts of the body







