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Finding Phenotypes And Genotypes
J For One Trait O

In genetics, it is possible to calculate the results that should appear in offspring if the genotypes
of both parents are known. These are called expected results. Expected results can be calculated
by mathematics or use of Punnett squares. Thus, expected results are specific numbers and are
not the result of random events. Observed results are those that appear in offspring in actual
crossings. They are due to chance combinations of certain genes. Thus, observed results are

always due to chance.

Expected and observed results may not always agree exactly, but there should be some
agreement. Expected results are used to predict the results of a cross before the cross is done. If
the expected results indicate that a certain type of offspring is likely, the cross can be carried out
with some certainty that the type of offspring will appear in the observed results.

In this investigation, you will
(a) substitute properly marked coins for gamete cells.
(b) toss the marked coins 100 times to represent 100 offspring.
[c) determine the expected numbers of genotypes for 100 offspring and compare them with
the observed numbers of genotypes obtained through 100 coin tosses.
({d) determine the numbers of expected phenotypes for a genetic cross, and compare them
with the numbers of observed phenotypes obtained through coin tossing.

Materials

2 pennies
adhesive tape
pencil
scissors

Procedure

Part A. Determining Numbers of - ® Use the Punnett square in Figure 18-1 to
Expected Genotypes ‘determine the genotypes. Record the number of

How many of each genotype combination are each genotype in column A of Table 18-1.
expected in the offspring of a cross if both parents -
are Ss for a trait? l'f‘H.ow m‘any of each genotype combination are
FIGURE 18-1 4 ‘ expected if there are 100 Offspl'il‘lg? Multiply each

- number in column A by 25. Record this number in

s s column B of Table 18-1.

Part B. Determining Numbers of
Observed Genotypes

l 0 Cover both sides of two pennies with adhesive

tape. Trim off any excess tape with scissors.
CAUTION: Always be careful with scissors. Print
an S on one side of each coin and an s on the other
side of each coin.
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e Place both coins in cupped hands, shake, and list 1n column A of Table 18-2 the number of
offspring expected to have normal skin color (85

then toss the coins onto your desk. Read and record
the letter combination in column C (Toss Results) and Ss) and the number expected to be albing (ss )

of Table 18-1. Make a slash (/) in the proper row of

column C to indicate the letter combination. ® Calculate the number expected to have each

Repeat this process until the coins have been trait _1f ;here are loq offspring. Do this by

tossed 100 times. Record the coin combination: multiplying column A figures by 25. Record these
- numbers in column B of Table 18-2.

for each toss in Table 18-1.

® Record in column D the totals for each.
Part D. Determining Numbers of

Part C. Determining Numbers of Observed Phenotypes
Expected Phenotypes From your data in column D of Table 18-],
® Assume that S represents the dominant gene for total and record in column C of Table 18-2 the
normal skin pigment. Assume that s represents a number of offspring who will have normal skin
recessive condition called albinism, no skin pigment (SS, Ss, and sS) and those who will be
albino (ss).

pigment. From the Punnett square (Figure 18-1),

B TABLE 18-1. EXPECTED AND OBSERVED GENOTYPES ]
(A) (B) (&) (D)
EXPECTED EXPECTED OBSERVED
GENE GENOTYPE FOR GENOTYPE FOR TOSS GENOTYPE FOR
COMBINATION | 4 OFFSPRING 100 OFFSPRING RESULTS 100 OFFSPRING

55

5s ’
Ss or 55

TABLE 18-2. EXPECTED AND OBSERVED PHENOTYPES

(A) (B) Q)
PHENOTYPE EXPECTED PHENOTYPE EXPECTED PHENOTYPE OBSERVED PHENOTYPE
POSSIBLE FOR 4 OFFSPRING FOR 100 OFFSPRING FOR 100 OFFSPRING

(55, 55, or 55)

Albino i ‘
(s5) |

o
L Normal Skin f
[

Analysis

1. [a) What is meant by expected genotypes?

{b} Are expected results due to chance or are they arrived at mathematically?

2. {a} What is meant by observed genotypes?

(b] Are observed results due to chance or are they arrived ar mathemarically?
y?

3. Whar does each side of each coin represent!? Q
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TABLE 18-3. CLASS TOTALS OF

STUDENTS \}
— ]

(A) (8) (©)
EXPECTED PHENOTYPES EXPECTED PHENOTYPES OBSERVED PHENOTYPES
FOR 100 OFFSPRING FOR CLASS TOTALS FOR CLASS TOTALS &
| s |
l Normal skin 75
J Albino skin 25

13. What s the advantage of comparing expected offspring with the many hundreds of observed offspring

[class totals)? In other words, what is the advantage of a large sample size?

A number of actual families were observed that had albino children. All parents of the families had

normal skin but were hybrid. The following figure shows the offspring. NOTE: A square represents a
son, a circle represents a daughter, and shading indicates an albino. For example, family A has six

children, two boys and four girls. One son is albino and the other five children are normal.
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(a) What is the total number of children observed in all families?

(b) What is the total number of normal children observed in all families?

{c) How many children are expected to be normal in all families above? (Multiply answer to question

(a) by 0.75 or 3/4.)

(d) Are your answers to questions (b} and (c) in close agreement?

(e] What is the total number of albino children observed in all families?

(f) How many children are expected to be albino in al] families above? (Multiply answer to question

fa) by 0.25 or 1/4.)

(8) Are your answers to questions (e} and (f] in close agreement?
(h} If only families D and E were used, would there be close agreement between observed and

expected numbers of albinos?

i Is our understanding of gemetics supported whep observed results from these familie i
s are

compared to expected results?
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4. How does the chance of a coin landing on each side compare to the chance that a gamete ce] will

receive a particular gene at meiosis?
5. (a) Why must two coins be used to determine the genotypes for the offspringz

(b) What does the use of two coins compare to at fertilization?

6. Compare the expected genotypes of 100 offspring with the observed genotypes.

(a) Do they agree or disagree?

{b) If they disagree, how much do they disagree?

Explain.

7. Are your results wrong if they do not agree!?

8. What is the advantage of comparing the 100 expected offspring with the 100 observed offspring rather

than comparing only four expected offspring with four observed offspring?

9. Compare the expected phenotypes for 100 offspring with the observed phenotypes.

(a) Do they agree or disagree?

(b) If they disagree, how much do they disagree?

10. Are vour results wrong if they do not agree? Explain.

11. If expected and observed results are never in close agreement, then our understanding of the law of
dominance and the chance combination of genes cannot be correct.

(a) Are expected and observed results in close agreement after many offspring are counted?

(b) Does our understanding of genetics seem to have support as illustrated in this investigation?

(c) Would you have good evidence if only one or two offspring were examined?

(d) Explain.
12. Class totals also may be used to show that expected and observed results wi

large numbers of offspring (coin flips) are counted. Record the total numz;lrl :ﬁ:zg:;i: cﬁ?g ‘:l?en

in this investigation at the top of Table 18-3. Using expected phenotype data for 100 ofI; 1P E’;mg

Table 18-2 {column A), record this same number in column A of Table 18-3 Determin Sgcalnng _ :;m

Table 18-3 the class total of expected phenotypes [column B) by mlﬂﬁplymé Solomre AE anth recor bm
of students participating. In column C, record class totals from al] students of ob y the number
for 100 offspring from column C of Table 18-, nts of observed phenotypes
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Nume

Finding Phenotypes And Genotypes

For Two Traits

In genetics, 2
involved, then a sixteen box Punnett
expected results. Offspring, however,
expected results.

In this investigation, you will
(a) substitute properly marked coins

offspring.

coin tossing.
{c) write a report based on your data exp

(b) determine the expected offspring and compare it to ob
laining the similarity or dissimilariry of expected

for gamete cells and toss the coins to represent

and observed results and how sample size affects results.

served offspring obtained through

Punnett square is used to show the chances that certain traits will appear in \
a Punnett square with four boxes is used. If two traits are

offspring. If only one trait is involved,
square is needed. A Punnett square always gives you the
are produced by chance and may not agree exactly with

Materials

adhesive tape
scissors
pencil
pennies—2
nickels—2

Procedure
Part A. Cross Between Genotypes
AaMm and Aamm

Expected Results
The Punnett square in Figure 19-1 represents a

cross involving two characteristics, skin pigment
and body height. The parents’ genotypes are
AaMm and Aamm. The gene A is for normal skin
pigment. The gene a is for albinism (no pigment).
The gene Mis for normal body height. The gene m
is for short height (midget|.

The Puznett square shows the possible
gametes of each parent and the possible offspring.
The squares are shaded according to phenotype.

e Determine the four phenotypes and how many
offspring of each there are.
e Record these numbers in the “Number expected

for 16 offspring” column of Table 19-1. To
calculate the number expected for 96 offspring,

FIGURE 19-1
AaMm X Aamm
AM Am aM am
Am o f
am k‘t‘_ m | aaMm | aamm
:v;- g o ik
- ez : 4 fpﬁﬁ 4|
fe / :
i - b, 3 ;.-‘%% 15 d‘@’
v ‘
am & aaMm aamm
n{:rmai normal athino, albino,
skin and skin, normal midget
height midget height

rd




multiply each number just recorded by 6. Record
these new numbers in the “Number expected tor
96 otfspring’’ column of Table 19-1.

Observed Results ‘
e Cover both sides of two pennies and two nickels

with adhesive tape. CAUTION: Always be careful
with scissors.

® Mark the four coins as shown in Figure 19-1.
@ Toss the four coins {two pennies in one hand,

two nickels in the other} onto vour desk a total of
96 times.

® Read the genotypes that appear and record the
phenotypesin Table 19-1. {Use the Punnett square
as a guide if necessary.! Make a siash /) in the

proper row to indicate the phenotype represented
by the coins.

® Place the torals for each phenotype in the proper
column of Table 19-1.

Part B. Cross Between Genotypes
AaMm and AaMm

Expected Results

The Punnettsquarein Figure 19-3 represents a
cross berween parents which are heterozygous for
skin pigment and body height. As in Part A, the
Punnett square shows gametes and possible
offspring. Also, the squares are shaded accordingto

phenotype.

e Determine the four phenotypes and how many
oftspring of each there are.

| FIGURE 19-2

| A
A

Y

front and back
oi

i front and back
. ;

' first penny
i

of
first nicke! ’

front and back

front and back

AaMm X AaMm
Am

FIGURE 19-3

AM am

amM

|
b
|
|
|
|
|

- . i -

|
|
| of of normal normal albino, atbino, !
| second penny second nickel If skin and skin, normal midget |
| ! height midget height i
J
1
| TABLE 19-1. RESULTS OF CROSS BETWEEN AaMm and Aamm ‘:
| ,, A= —
; | | EXPECTED ; f
; PHENOTYPE ; | FOR16 | FOR9% | ! \TL?AZQIEE-R ‘
; COMBINATIONS | GENOTYPES | QFFSPRING | OFFSPRING ___TOSS RESULTS | OBSERVED |
! Normal skin and AAMm | i ! i !
! normal height AaMm i | ; i i
| ‘ ! \ 1
i 1 i i i
i Normal skin AAmm F ! ! i
: but micget Aamm | : I
. l i
/i . ! i L
Albinc b.u. i T ’ i
: normal height l |
i ‘ | |
| . | i
. Alb:np and | Fami | |
i midget l i
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® Record these numbers in the “Number expected FICURE 19.
for 16 offspring” column of Table 19-2. To
calculate the next column, multiply each numbgr
just recorded by 6. Record these new numbers in
the “Number expected for 96 offspring’”’ column of

Table 19-2.

front and back front and back
Observed Results of of
® Use the four coins from the first cross but change first penny first nickel

the nickel with m on both sides so that it has an M
on one side. The coins should match Figure 19-4.

® Toss the four coins a total of 96 times.

® Read the genotypes that appear and record the
phenotypes in Table 19-2. front "D‘;d hack front ’:fd Bazk
second penny second nickel

® Place the totals for each phenotype in the proper
column of Table 19-2.

TABLE 19-2, RESULTS OF CROSS BETWEEN AaMm and AaMm
NUMBER NUMBER
EXPECTED EXPECTED TOTAL
PHENOTYPE FOR 16 FOR 96 NUMBER
COMBINATIONS GENOTYPES OFFSPRING OFFSPRING TOSS RESULTS OBSERVED
Normal skin and AAMM
normal height AAMm
AaMM
AaMm
Normal skin AAMmM
but midget Aamm
Albino but aaMm
normal height aaMm
Albino and
; aamm
midget
1
Analysis

fjut?i? ﬁo&?ﬁﬁfﬁ%ﬁﬁ%gj’oﬁtmg 4 IEport on separate paper that includes

2. EE)} ?}f:'e;l;‘:;:iﬁre‘:;:’:f:;t:i ]flftfss'pnng in a genetic cross can be determined.
() dhe exactness of ohserved sesulaer 8 1 @ Beneti cr0ss can be determined.

3. (a) ?;::&11_‘1: 2:‘:;125; iﬁﬁﬁﬁgﬁg forPart A compares to the observed offspring for Part A. [Use
(b) why the numbers in these two columng may not be equal,

4. how Part A supports our understanding of genetics. (Reread introduction if necess |
ary.




why the total of observed and expected offspring in Part A differ from the torals of observed and

E."

expected offspring in Part B. . _ | |
{a:Tphow the observed and expected offspring might have compared if only 16 coin tosses were used

instead of 96. _ _ |
{b) the need for using large numbers of observed offspring when attempting to prove that genetic totals

of expected results do agree with observed results.

how Part B supports our understanding of genertics. . o |
(a} the advantage of tossing and reading properly marked coins over using living organiems.

8. .
(b} whether the comparison between coins and living organisms is correct and why.

FIGURE 19-5

N

. . . M 1
Extending Your Investigation P et |
® Properly predict through the Punnett square in AM :
Figure 19-5 the expected phenotype combinations
and number of each in a family with 16 offspring if
one parent is Aamm and the other is AAMm. Am
® Properly mark four coins to agree with the o
parents’ genotypes of Aamm and AAMm.
¢ Toss the four coins a total of 96 times, recording Am
your observed results in Table 19-3.
| TABLE 19-3. RESULTS OF CROSS BETWEEN Aamm and AAMm

NUMBER NUMBER
EXPECTED EXPECTED TOTAL
PHENOTYPE FOR 16 FOR 96 NUMBER
COMBINATIONS GENOTYPES | OFFSPRING | OFFSPRING TOSS RESULTS CBSERVED
Normal skin and AAMm
normal height AaMm
Normal skin AAmm
but midget Aamm
Albino but aaMm
normali height aaMm
J Albipo and T~
’ midget

Analysis, Extension

1.

Explain why the results in Table 19- 3 are not the same as in Part A or B of thits A —
ent.
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