I?'|E|~|ETLIE GENETICS
VESTIGATION
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Beetle Genetics Investigation: punnett Squares & Traits

Purpose

Teach heredity with beetles: alleles, Punnett squares: genotype /phenotype, prob ability, and 2 dihybrid
Cross.

Learning Objectives
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Materials

Backgmund science for the Teacher

Each trait has tWo alleles [duminant;‘ recessive)- Offspring receive one allele from gach parents Punnett
squares organize combinations and ratios. Probability describes chance per offsprings small samples vary
from expectations:

Variables

L ]
-

-

Expected Results Pattern
Aax fa— genotype 1:2:1, phenotype 3.1; AaBb * AaBb - phenotype 9:3:3:1 {independent assortment):

lmplementation Notes

Extension 1deas

Differentiate genotype Vs phenotype dominant vs recessive.

Use Punnett squares 0 predict genotype and phenotype ratios (mnnoh)rbﬁd).
Calculate expected prc—bahilities and compare to outcomes.

Extend toa dihybrid cross (AaBb * AaBb).

printed parent Genotype Cards (A/a B/b,C/c p/d,Efe) — two decks
Student packet (Punnett grids and ratio tables)

Colored pencils fmarkers

geissors, tape /glue

independent yariable: Parent genotypes (allele pairs chosen)
Dep endent\fariab'le: Offspring genotype /phenotype ratios.
Controlled yariables: Dominance rules, list of traits, consistent procedure

Run 4-5 traits; begin with asingle monohybrid.
grudents draw parentl and Parent 2 from each gene deck (A-E)-
Require labeled grids, ratios. and CER; share-outto compare patterns.

Add one 1n-:omplete-dominance trait with three phenotypes:
Coin-flip allele model to visualize sampling error.
Introduce pedigrees after Punnett mastery-

Teacher Notes on Common pitfalls and Fixes

Confusing genotype Jphenotype _, keep a reference pox visible.
Unlabeled alleles on grid edges model an example live.
Treating ratios as guarantees _ emphasize probabﬂi.ty.
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HOW THIS LAB
WILL HELP YOU
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purposs lefes, Pumest SFUATES genotype/P ematype, probabibey. and o 6. Beyond simple dominance: incomplete dominance, codaminance, polyg
Teach hesedily with beetles: REEES 6. CER— Model Answer (Trait A< Shell Color)
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Teacher Guide: setup, safety,
pacing, and background science.
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. & CER— Model Answes (Trait A: Shell Color)
Learnl Objectives _ —

. Dill:?vcn\iuw genotype ve plwmﬂ)‘w:*lﬂm“-‘"‘“ f';(IL'“‘r‘;m (mmuhyhn\i]. Clalm: When Parent 1 is Aa and parent 2 is aa, about half of the offspring will have dark shells and half
" Use Punnett sguares 1o Pt penotype and phend¥P will have light shells.

o Caloulate expected pr«lu.h!\l\lm and compare 19 auicomes.

v Extendtoa Aibybrid cross (AaBb « AaBb). Evidence: The Punnett square for Aa x 23 showes 2 of 4 boxes = Aa and 2 of 4 boxes = ad. That's 50%
+ Writeashart CER using reslts: dark [A) and 50% light (aa).

What you get

inside
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Skills Your Students
Will Learn/improve
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@ Carrying out Controlled
Experiments

(/) Precise Measurement
@ Design and Redesign
@ Graphing Data

@ R

@ Analyzing Results




Your Lab

Beetle Genetics STEM Investigation:

Driving Question

How do parent genotypes determine offspring traits in beetles?

4—— outlined and easy to

Hypothesis

Predict the phenotype outcomes for one trait and explain why.

Variables

Type Describe for This Investigation

Independent Variable Parent genotypes (allele pairs drawn
for each trait)

Dependent Variable Offspring genotype and phenotype

ratios

Graphing
Create a bar graph showing phenotype ratios for one trait (or compare two traits).
Title, label axes (Phenotype Category vs Frequency/Probability), and add a key if needed.

All steps are clearly

Analysis Questions

1) What is the difference between genotype and phenotype?

2) In this model, what does dominant mean? What does recessive mean?

3) For your A-trait cross, what genotype and phenotype ratios did you predict? Explain.

4) Why doesn't a 75% probability guarantee that 3 out of 4 offspring will show the dominant trait?
5) Describe one way your results could differ from the expected ratio and why.

6) Write a short CER explaining how parent genotypes determine offspring phenotypes in one trait.

follow

Controlled Elements Dominance rules; trait list; procedure Category Exceeds (4) Meets (3) Approaches | Beginning (1)
for analyzing crosses | (2) |
Experimental Parent selection and Variables Some Variables missing; steps
Trait Set (Dominant / Recessive) Design variables are clear; all | identified; variables not followed.
Gene Dominant (Uppercase) | Recessive (Lowercase) steps followed. most steps ““CIFB“ steps
A - Shell Color A = Dark brown a = Light tan followed. ?al;'tla"%"
B - Antennae Length B = Long b = Short Iollowed.
C - Elytra Pattern C = Spotted ¢ =Solid unnett All grids correct; Most grids_ Multiple Grids incomplete or
D - Leg Spines D = Spines present d = No spines Squares & genotype & phenotype | correct; minor | errors in incorrect.
E - Eye Color E = Red e = Brown . . h t Ratios :‘a;icls C:in:cl.lrz:mz.- and ratio errors. | grids/ratios.
abeled.
Parent Genotype Cards (Print & Cut) I n O r a n I Z e C a r S Graphing & Graph labeled with Graph present | Graph present | No graph or incorrect
Cut these cards. Shuffle each gene's mini-deck; draw one for Parent 1 and one for Pare it. The Communication | categories; clear with basic but missing graph.
mini-deck is the stack of genotype cards for one gene (i.e. all the A-cards). takeaway from data. labels; key .
A-cards | B-cards C-cards | D-cards E-cards J ;::;(f:g\'ay labels/clarity.
Claim- Clear claim citing data; | Claim Claim present | No usable
Evidence- reasoning uses supported but weakly claim/evidence/reasoning.
u Reasoning dominance/probability | with some supported;
ideas. data; partial limited
A Bb D d E reasoning. reasoning.
a ( :C e Collaboration & | Roles used effectively; | Mostly Uneven Off-task or unsafe
Safety materials handled cooperative; participation; | behavior; roles unclear.
safely and neatly. safe behavior | repeated
aa bb cc  dd ee
reminders. needed.

AA BB CC DD
Aa  Bb Cc Dd
aa  bb c¢c | dd

EE Students analyze
Ee

co their data and draw
conclusions

© Your Copyright Here



At School or at Home
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Word and PDF
versions of the lab

i
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| ; i | I

Fully digital and editable - can be
done In class or through distance
education/homeschool



Ways to Use this Resource

Introduce the Scientific
Method

Reinforce key ideas

Beetle Genetics Tnvestigation: Punnett Squares & Traits

ility, and a 8t
!l“::‘c’:\ﬁmdlqwlth heetles: alleles, Funnett SQUATES, genotype,\'phc—nutype‘ probal Iy,
cross.

Objectives . )
t“tr;i‘:l:fcmi;aw BQHUW Vi phcnnlypc; rlnmmanlhvs \:Wsﬂr‘l;;“lus
« Use Punnett squares peedict genotype and phen g:\:\ =
« Caloulate expected pmhahihhes and compare 10 o0
« Extendtod dihybrid cooss (halb= AaBb).

« Write ashort CER using resulis.

(monahybdd].

?“;rri‘::d Parent GenetyPe Cards {Afa BN e, DILE) = we decks
»  Student packet {Punnett grids. and ratio tahles)

« Colored pnncu\sjmnrkm

o Scissors rape/piue

Teacher ‘ il
g e s se), Offspring receive one allele from cach pa

g i ateles dominant/ recessive). QTSR £ TeE e s
a:\:::rr:zr::sn::\:;r:bin;ﬁnns and ratias. probability duscribes chants per offspring:

5

from expectations.

es
':Ir::gependem Yariable: Parent genotypes {allele pairs ch_osen).

i ] i henotype raties.
endent Variable: Offspring gcnalypc.fp y > .
: 23\:;\&4 yariables; Damiaance rules, list of traits: consistent procedurt:

33 dent &
A ac:ing‘::::;sp:ize-;“pmmme 3:1; AaBb « Aallb = phenmypc‘?.}.ﬂ.l {independet
a % s2:1,
Imp\cmmnatlnn Notes . . ——
4=5 traits; heginwitha single monoRyoT: -
: z:iu‘:rlenls draw Parent 1 and Parent 2 from each gene deck {A-E)

rierns.
« Reguire labeled grids. cavios, and CER; share-0utto compare pab

n ideas
‘.m:\':i:::m moomp\ete-dnm\mm:e trait with three phenotypes:

« Coinflip allele model 10 viswalize sampling er¥or:
+ introduce pedigrees after Punnett mastery-

Teacher Nates an Common pitfalis and F\xes( o boxviale
o Confusing gtnulypc! phenotype — kivop a Tefere % “;w

o Unlabeled alieles o0 grid edges model an cxahm ph e's 3

o Treating ratics as guaranLees = emphasize pro abiliny.

Analysis Questions KEY

pmpwNe

. Genotype vs phenotype: genotype = aliele combo; phenotype = observable trait.

Dominant vs recessive: dominant shows with one copy; recessive needs two.
Example Aa x 3a: genotype 1:1; phenotype 1 dominant : 1 recessive.

75% not guaranteed: each offspring is an independent event: small samples vary.
Beyond simple d inance: plete i traits.
CER — Model Answer (Trait A: Shell Color)

Clabm: When Parent 115 Aa and Parent 2 is a3, abot half of the offspring will bave dark shells and half
wilt have light shells.

Evidence: The Punnett square for Aa x aa shows 2 of & boxes = Aa and 2 of & boxes = 2d. That's 50%
dark (A_) and 50% light (aa).

Reasoning: Each parent passcs one allele at randam to the offspring Als dominant, so Aa looks dark.a
is recessive, so only aa joaks light. Because the cross makes Aa and a2 equally often, the genotypes
Jead to 2 5050 split in phenotypes.

Answer Key and Sample Results

Tralt [ Example Cross Expected Ratios

A - Shell Color Apxaa Genotype 1:1; Phenotype 1
dark: Llight

B - Antennae | Bb * B T Genatype 1:2:1; Phenotype 3

Jong: 1 short

€~ Elytra Pattern TCexee | Genotype 1:1; Phenatype 1
spotted ; 1 solid
[ - Leg Spines Dd x dd | Genotype 1:1: Phenotype 1
spines: 1 no spines
E - Eye Color EexEe | Genotype 1:2:1; Phenotype 3
red : 1 browa

Tving g
uestion B,
w o pyg eetle ¢,
Parent gengrypes r. enetics STpy Investigay,
igation:

l 0
- € trait ang explain why,

endent Var, |

able :
| Describe 1,
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‘?l‘ Length Bk Ufw'Pw
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Tt ReNe (g, arent 14
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BB CC pp
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[m[=lel= =z

et

1w parenat cards, build a Punnett square, Gl genatypes. determine phenatypes,

henotype ratios. Then complete the dihybrid challenge for A & B.

- Punnett Square

[ P2 allele Tpzallele

— Wlenulypt‘r.llid:
th (B/b) - Punnett Square

%

[ p2allele | P2 allebe
le
de {
___ Phenotype ratio:
= (C/c) - Punnett Square
—— ——
| P2 allele | P2 allele
dele 1
ele }
o Phenotype ratio:
5 [D/d) - Punnett Square
_——’_—— T
| p2allele | P2 allele
1 allele ||
1 allele }
L Pheaotype ratio:
or (E/e) - Punnelt Square
B T e
|p2 allete | p2allele
Pl allele 1
P aliele |
sratio: . Pheootype L L —

AChallenge — A & 8 Together
& the 44 Punnett Square for AaBh = AaBb.

| P2 gamete | P2 gamete | B2 gamete | PZ gamete
P1 gamete
P1 gamete
P1 gamete
P1 gamete

atype groups: A, B | Abb}aaB. | aabb
icted ratio: 3 2
mary Table {Monohybrid Results)

113

| Parent Cross Genotype Ratio Phenotyge Ratio

Teach data analysis and
graphing

Formative or Summative
Assessment

2
=




Download my Angle of
Attack STEM Lab FREE

Paper Airplane Angle

of Attack STEM Lab

Scientific Method * Variables » Data & Graphing

' Classroom-Ready

CLICK HERE

'/ Data tables + bar graph templates included

Teacher guide with setup,

Teach With
Fergy

(Y

Angle of
Attack

EELEEEERETERERY) 3

Paper Airplane: Angle of Attack STEM Investigation: Scientific Method Activity

safety, background science,
pacing
@ Step-hy-step procedure for —

Use a high-engagement paper-airplans challenge 1o teach experimental dedsgn, vanables and control,
propomonal reasoning, dats analysis, and communication of results

Learning Dbjecthees
& Man mnd carry out & conirolleid imvestigstion with clear independent, dependant, and controllsd varishles

|
#  Collect sulMicicnl data {replicates) and compare results across angle condiions.
#» Cmaph distance data o anabhyvee tronds and comstruct ovidence-Sased claims
* plain the physical prisciples (Hi, drag. sill) thai siffeer Aight distnce

only xirplases; no paper clips or sharp nose cones.
clear launch lane; siend behind the: o ling; throw parallel to the Soor.
iag arca clear, reneve plancs oaly alter all theows 1 3 round ars complese,

11 im) dentical for &1l planes

onal, oie sndand design for 2l e

Analysis questions with model M=~

Background Scignes far the Teacher
Lifk vs Anghe of Atlack {AoA): Lifk penerally increases with AoA ep o a poink Bevond a critical Ao, airflow
scparates (Esalll, cousing hill to drop and deag 1o nes, shonenmg distance.

[hwag and Emergy: Higher Ao increases fromial area and induced drag; teo much drag shows the plane quickly
Modermie AoA halances sdequaie lift with manageable drag for 8 longer glide.

|
Consmency: A gingle plane design, constant throw lemoeheght, and a chear angle-setmng method are key Lo [air
ST S0

Empecbed Results Pattern

& Distances typacally peak af 3 moderstc Ao (arousd 10°-]15" for a simiple Jdan desagn)

= Wory low Aok (0°-5") may dive or fail to goacrate a strong, glhide; very high AoA (207 +) oo stalls o
climbs then Falls rapaidly.

®  As throw scchnigue bocomes consision, varmalbon docreases and the distance curve vs angle bocomes
clearer

Implementation Notes

#  Use one standard airplanc dessgn per class for consistioncy (provide a template or model).

& Assign roles: Thrower, Angle Seter’Checker, Messurer, Recorder, Rolale moles between angles

& DMark b thiow lise and mcissic anghe al folcase uslng a prolracion of an anght cand Laped 1o b Forcaim af
lausc her paicle

Arvwer Kiy and Sampls Results
Mote: Actual class desa willl vary, The sample below models ryplcal wrends and acceprable anslysbs gualiny

Samiple Supnimary Data

.I".IIH'I.' ™1 | AVETIgE Iisranee {im)
1] 18
5 (]
{11} 129
15 121
20 9
Interpretation

* (ireatest average distance ot 107 {=12.9 m) with s close second ai 15* {=12,1 m)

= Wery low angle (0F) undemperformed (divesSow lifl). Very high engle (20 lost distance (neas-siall and
Bigher desgh

& The iremd supporis o modemtz-angle optimem due to halance of 1ift el drag,

Model Responses o Arnabysis Ceestions

=  Best angle: 10° with an average of <129 m (our class graph shows a peak around 10-15%)

*  Comistency: Resalis were reasonably consistent afler the practice ound; esing ibe same thrower md angle
card reduced variation

=  Conirols that maticred most: Plase design and paper type, release height s throw force, indoonno-dnf
woorm, and mecasuring bo firsd confacl.

&  Pollow-up: Tesi mose mnsss with paper clips ai the besi angle. Hypoibesis: Adding o small mese mass {12
clipa) will iscreass distance by improving stabality without greatly increasing drag.



https://www.teacherspayteachers.com/Product/Paper-Airplane-Angle-of-Attack-STEM-Lab-Scientific-Method-Investigation-14521875

STEM INVESTIGATION BUNDLE

Build a high-engagement, low-prep STEM program.
e This Bundle includes my best STEM investigations—each STEM Investlgatlon
one built around true engineering design, fair testing, Growin g Bundle
repeated trials, data tables, graphing, and CER writing.  Eemrmmrrrm e e e v e
« STEM develops crucial skills like critical thinking and jﬁ‘szj{:;'z;“:;jicmpicsInclu o
creativity and prepares students for a changing world and
future opportunities.

oo

Tell me and | forget. Teach me and | | =0
remember. Involve me and | learn. - Cllck to
Benjamin Franklin

learn more!



https://www.teacherspayteachers.com/Product/STEM-Investigations-Growing-Bundle-Scientific-Method-Design-Data-CER-14577842

As a special bonus, 1 want to send you a few
resources that you can use in your classroom

tomorrow. Completely free and geared towards IwF
what you teach!

Just %&md then choose what you teach!
\

for your interest
in this resource! @ devon@teachwithfergy.com

Teach With § -
Fergy



https://teachsciencewithfergy.com/thank-you-resources/

