[image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]
image2.jpg
Lab 1: Documenting Independent Assortment and Genetic Linkage
in Drosophila melanogaster
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Figure 1-2. Adult wild-type Drosophila melanogaster. Notice that female
adults are larger than male adults. Males can be distinguished from females
on the basis of body size, the darker coloration on the tip of the abdomen,
and by the presence of sex combs on the front legs, in addition to differences
in genitalia. The color photo also reflects the external traits described above.
These individuals are “wild-type” phenotype, meaning that they have red eyes
and caramel-colored bodies.
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P1. Experimental Design: Tl.’ue-Breedlé‘lﬁ/l\a/\(eS
Ty;;e Females X True-Breeding Mutan

| i f the two
NOTE: You will complete the following plfocedure for jraﬁ]hs;uctor'
mutam; lines of D. melanogaster you received from your i

‘ i is vial i th males and
Obtain a vial of vial of mutant flies from your instructor. This .v1a1 1T1clut(.:1:)ersl :)oiven 7 3 7
. females. Anesthetize the flies using “Flynap” solution, following directions g
lab instructor.

ite i d view them
2. When the flies are no longer moving, place them onto'a wthe md.ex cal.rdrzrslco xR
under a dissecting microscope. If you are not familiar with a dissecting mic pe
to inform your instructor before using this equipment.

i ished,
3. Using a paintbrush, gently push each fly into one of two groups by sex. When ﬁm?< tehe
double-check the accuracy of your sorting. If you are in doubt about your accuracy, as
lab instructor for help.

4. When finished, you will need approximately five males for your assigned cross. {Xny addi-
tional males should be shared with other student groups who need them. Yqur instructor
will collect all flies that you do not need, and s/he will redistribute as appropriate.

5. Now obtain a vial containing one or more virgin wild-type females from your instructor,
and add your sleeping mutant males from the previous step to the vial containing the fe-
male(s). Your instructor will demonstrate the proper procedure for this.

6. Clearly label this vial with the information indicated by your instructor (e.g., description
of cross, date established, student initials, etc.). Be sure to keep the vial on its side until the
males wake, after which you should stand the vial upright.

Week 2: Observing Fly Cultures

1. Check each of your parental crosses from last week for larvae and pupal cases. Record your
observations in the notes section that follows,

2, Anestheti.ze the flies using “Flynap” solution, following directions given by your lab instruc-
tt}(l)r. You will §emove the adults that were used to establish this cross to prevent the offspring

at emerge i i i i

8¢ from mating with the parents, Next week, the F, generation will haye emerged

to permit the next stage of this experiment.
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Statistical Analysis of
Genetic Data

INTRODUCTION

One of the greatest insights in biology was Gregor Mendels discovery that simple mathe-
matical rules govern the transmission of unit characters from parents to offspring. Because
the rules of Mendelian genetics are essentially probabilistic, statisticians developed a set of
procedures to process the data generated by genetic experiments. These tests are different
from the statistics of continuous variation such as t-tests and ANOVA; they do not predict
a single outcome by whose occurrence the hypothesis either succeeds or fails. Rather they

ask one of two questions:
1. Does an outcome approximate closely to an expected standard?

2. Are two or more variables, or unit characters, behaving independently of one another?

Adapted from Genetics Laboratory Manual, 9th edition. Copyright © 2016 Peggy A. Einhorn, M.S., and Edward

Otto, Ph.D. Additional duplication is prohibited without written permission of the authors.
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EEE P2. Calculating an a Priori Chi-Square

i heoretical expec-
An a priori chi-square asks whether or not a set of observations confor?;(s1 :;): ;xerdse’ S
i t tells you what to expect. In C .
ion. It is the theory, not your data, tha ' i
]tan;mrovlide the epoctations. To test the hypothesis that Ear #1 confﬁrms to a_b i G
s:::)oIt’h' 1 yellow; smooth: 1 red, wrinkled: 1 yellow, wrinkled, follow these step-by
dures.

saee

i i ou
1. Formulate the null hypothesis H. Thhis hypotlllebsis.lsfn:')z ;Zz;?rl;x;);e;s;:;eii ev:rih\:h};e&
: ting to test, it is also the mathematical basis fo e

;;Za;flfln }fypogthesis always assumes that events hap-pen at ra'ndom becau;e tl’cl:tshleSSit:lieS(i;!L};

hypothesis that permits easy calculation of expectation. In this case, your.l?fl?l o

the phenotypic proportions will each be 0.25 of the total or a ratio of 1:1: Kl L .
matter which statement you use. For both, the formula to calculate expectation is to

ply the total kernels counted by 0.25 to find each expected value.

)

88

4

5»5 4‘

2. Choose your level of significance (the ot level). This choice is important and requges g?}?i
judgment. To simplify your work, you will use a significance level o_f p.OS throughout }i
course. In other words, you will reject a hypothesis when the probability that your hypoth-
esis is true and your data are correct is equal to or less than 1/20 or < 0.05. In Table 2-7 at

the end of this exercise, all chi-square values that correspond to such probabilities are to the
right of the vertical double line.

AR

3. Copy your data from Table 2-1 to the “observed” (OBS) row of Table 2-3.3' Note: Al-
though the null hypothesis predicts what the proportions will be, chi-square is calculated

using counts, not frequencies. The observed numbers are counts of each kernel type and
therefore the values will be whole numbers.

aen
) )

4. Calculate your expected values. For each phenotype multiply its expected frequency by

the total number of kernels counted. Because expected values need not be whole numbers,
you must decide the number of decimal places you intend to use and be consistent thereaf-
ter. To reduce rounding error, and for the sake of consistency,

@ ﬁég ij iﬂ U Y f o .:' ‘:‘ gteeeeeeees

'af
LLL

you should use two decimal EE
places (hundredths) throughout this course. Notice that your expected values must sum = D
to the same number as your observed total because your expectations are derived from it. % 3 )
5. Calculate [(O-E)? + E)]. For each observed and expected pair in Table 2-3a, that is for e’E ﬂ)
each column, calculate (Obs-Exp), square the result, and divide by the expected value, i.c., c‘—- i
compute [(O-E)? + E]. The resulting number is only a component of chi-square and has no c‘ .3 )
meaning in isolation. Notice that by squaring the departure from expectation, much greater
weight is given to a large deviation than to a small one. Dividing by the expected value (not C) ﬂ
by the observed) discounts the effect of absolutely large but Proportionately small d.
tions.

evia- E ﬂ

6. Sum all the values of [(O-E)? + E)]. This sum and only this sum is the chi-square value, ::

7. Determine the degrees of freedom. Examine Table 2.7 and

of c‘hl—square can occur at many places. To position yourself correctly, you must know in €
which row to look. Each row begins with a value for “df” or degrees of freedom. This num-

be.r rfeﬂe;ts how many different observations you could make independently. For any a e

Priori chi-square, the degrees of freedom ar &

notice that the same value

€ one less than the number of data categories
Another way to express this is that you lose a degree of freedom each time you use yofr data
pected value. Because

you used the total number of
e er of kernels, you lose one

of the four degre leaving df = 3,

8. Find your chi-
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- G (RT,
i i from Bag #1 is [(CT, oz
bability that a bead is both red and came Sahie by
+G TG‘)i";I]}.I?Tg?o;vertt}t’his expected probability into an expected number, you multiply

i leaves the
the total number of beads (grand total or GT). Canceling t.wo T?f glflfl S;\;zlslllf; e
expectation for red bead from Bag #1 equal to [ (CT,xRT) +G ] oF T
this formula for every cell for expected values in a Fable of any size. For
the intersection of column i and row j, the formula is:

; “cell’ tal times cell’s row
[(CT, = GT) x (RT, + GT) x GT] = [(CTi X RT,.) + GT] or “cell’s column total tim.

total divided by grand total”

3. Calculate (O-E)*E. When you have calculated an expectation for every obserYation, y(;l;
: continue exactly as you did with the a priori test. Calculate the compone.nts of chi-square
(O-E)YE for each cell. Sum all of the components to get the value of chi-square.
4.

Determine the degrees of freedom. Just as with an a priori test, you began w1t}; aslmany
degrees of freedom as you had observations, which is number of rows x nu.mber of columns
or (R x C). Because you used all the row totals and all the column tgta}ls in calculating ex-
Pectations, you lose one degree of freedom for each and have remaining [(R-1) x (C-1)]

degrees of freedom. “Rows minus one times columns minus one” is the formula for degrees
of freedom in all contingency chi-square tests.

5. Find your chi-square in Table 2-7. Find the appropriate row and look up your value just

as you did with the a priori test. If the probability is < 0.05,

PS. Further Analysis

You have now completed both types of chi-square analysis,
them. Can you apply each type of test to the other data set?
ask how you could perform a contingency test. First you wo
to assert that seed color and seed texture are inherited ind

your data in a different way with color and texture as sepa

your total counts for Ear #1 to Table 2-6a. Notice that, in
1ata go into a 2 x 2 table, Formulate the null hypothesis,
make your decision, Is it the same as with the a priori teg

 Table 2-6b,

but you used different data sets for
Yes. Reconsider your corn data and
uld reformulate your null hypothesis
ependently. Second, you would order
rate variables. Do this by
stead of fitting into a single row, your
calculate the value of chi-square, and
t? Repeat the procedure for Ear #2 in

transferring

N 8

:
POOOOOPPARRRRCRRCCRCCCCCCRLLeeeeeee

T11
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associated with your chi-square must be between the two values in the table: 0.7 > p > 0.5. NOES

Modern computer packages will calculate an exact probability, but because we care only
that the probability is < 0.05, Table 2-7 will serve well enough. Be sure to keep Table 2-7. Do

not hand it in with your report.

9. Make your formal decision. If the
erwise, fail fo reject it.

probability is < 0.05, reject your null hypothesis. Oth-

P3. Additional Practice with Chi-Square

Recall the assertion that the power of a chi-square test is dependent on sample size. To test this,

and incidentally to practice the procedure, transfer the counts for Row #1 alone to Table 2-3b.
the probability is greater (farther from rejec-

Calculate a chi-square value for these data. Usually,
your case? Discuss this issue in your report.

tion) when the sample size is smaller. Is this true in
When you have completed the tests for Ear #1, transfer your counts for Ear #2 to Tables 2-4a and
2-4b. Recall the assertion that a chi-square test cannot determine truth and that sometimes false
hypotheses are not rejected. To test this, calculate chi-square for a correct hypothesis of 9:3:3:1
(Table 2-4a) and for a hypothesis that you know to be false, in this case that the ratio isil:1:1:1
(Table 2-4b). What happens with your data? Discuss your specific results in your report.

The null hypothesis H, is a formula for calculating expectation, therefore you should be very
exact. The hypothesis “conforms to Mendelian expectation,” does not specify a ratio and could
apply to either Ear #1 or Ear #2, although their expectations are different. Stating “expect 9/16
red, smooth; 3/16 red, wrinkled; 3/16 yellow, smooth; and 1/16 yellow, wrinkled” is correct and

does permit calculation of expectations.

P4. Calculating a Contingency Chi-Square

each of the three lab benches will work as a group to generate a data set. Your
your group a bag of glass beads. You will see that the beads are of six different
and clear. Count each color and record the data in Table

ags of the other two groups.
y of the colors, so you cannot perform

For this procedure,
instructor will give
colors: red, green, blue, white, yellow,
2-5. Also record the counts from the b
There is no reason to expect any particular number for an
an a priori chi-square, but you can reasonably ask whether the three bags contain the same
proportions of each color (i.e., the chance a bead is red is independent of the bag from which it
comes). These data are ideal for a contingency chi-square test. How do you approach the prob-
lem? The color counts in the three bags are not likely to be identical and even the number of

beads in the bags may differ, but every chi-square test requires expected numbers,

There is a solution. Recall what you have learned about combining probabilities. You have been
told that when two events are independent, the probability that they will occur together is the

of t ate probabilities. If the overall chance that a bead is red is X and the chance
om Bag #1 is Y, then the chance that a bead is both red and from Bag #1
true, it is considered proof of independence and you will use this fact
- Turn to Table 2-5 and proceed as follows:

- You assert that color and bag are independent. This implies that
lated by multiplying probabilities based on your data. Record your

1]

bility that a bead is red is (total red beads +
the sum of column #1 so, in more general te
came from Bag #1 is (row #1 total = total
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| | ental Design: Heterozygous Eq

P1. Experim
Females x Heterozygous F, Males
ental Design: Heterozygous F,

| P2. Experi
| Females x@) Mutant Males

ooz

observations you may have

i i Record any
Retrieve your parental cross from your instructor.
of your culture before beginning. This vial contains the F, results of your parental cross.

2. Anesthetize the flies using “Flynap” solution, following directions given by your lab instruc-
tor. Take care not to overdose the flies; you will need them for your next cross.
3. When the flies are no longer moving, place them onto a white index card and view them
under a dissecting microscope. If you are not familiar with a dissecting microscope, be sure

to inform your instructor before using this equipment.
4. Using a paintbrush, gently push each fly into groups by phenotype. Because we are dealing
with autosomal inheritance, we expect the number of females for each phenotype to be
approximately equal to the number of males for the same phenotype, so we will not sort by
gender here. When finished, double-check the accuracy of your sorting. If you are in doubt
about your accuracy, ask the lab instructor for help.
Becord the results of your sort in the tables below. If you do not observe any flies for a par-
ticular phenotype, record a zero in the appropriate cell of the table.

Results
MUTANT LINE 1: i 07\ VBw
TOTAL C

OBSERVED F, PHENOTYPES
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Lab 3: Collecting F, Results and Establishing Subsequent Crosses

all pod fue
MUTANT LINE 2: 7gv\)+ X /1 A W m

6. Part I—Now establish a new, F, X F, cross using 5-6 males and 5-6 females. Do not mix the
flies from your two mutant lines in this process. Clearly label this vial with the information
indicated by your instructor (e.g., description of cross, date established, student initials,
etc.). Be sure to keep the vial on its side until the flies wake, after which you should stand

-
-
»
-
&
5
>
»
>
J
)

the vial upright.

Part 2—Now establish a new, F, X recessive test cross using 5-6 F, females and 5-6 recessive
males supplied by your 1nstructor Do not mix the flies from your two mutant lines in this
process. Clearly label this vial with the information indicated by your instructor (e.g., de-
scription of cross, date established, student initials, etc.). Be sure to keep the vial on its side
until the flies wake, after which you should stand the vial upright. ]

Observing Fly Cultures and Interpreting Results

1. Check your crosses from last week for larvae and pupal cases. Record your observations in
the notes section that follows.

2. Anesthetize the flies using “Flynap” solution, following directions given by your lab instruc-
tor. You will remove the adults that were used to establish each cross to prevent the offspring
that emerge from mating with the parents. Next week, the F, generation will have emerged

to permit the next stage of this experiment.
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¢ cross from your instructor. Record

s and your F, X recessive tes :
have of your culture before beginning. These vials contain the B,

1. Retrieve your F, X F, cros
any observations you may

generations of each cross.
tions given by your lab instruc-

5 Anesthetize the flies using “Flynap” solution, following direc
tor. You may choose to have one student work with the F, x F, results and have a second
student work with the F, X recessive test cross results. Do not mix the flies from these two

experiments.

3. When the flies are no longer moving, place them onto a white index
under a dissecting microscope. If you are not familiar with a dissecting microscope,

to inform your instructor before using this equipment.

4. U-sing a paintbrush, gently push each fly into groups by phenotype. Because we are dealing
with al.xtosomal inheritance, we expect the number of females for each phenotype to be
approximately equal to the number of males for the same phenotype, so we will not sort by
gender here. When finished, double-check the accuracy of your sorting. If you are in doubt
about your accuracy; ask the lab instructor for help.

Record the results of your sort in the tables below. If you do not observe any flies for a par-

5
] . .
Dbjechve - e ving T ticular phenotype, record a zero in the appropriate cell of the table.

data from sl 3 oFlacr
ﬁ'f‘fj’ y 2{)‘./1»« DU~ Results /g; Z' / : [
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Documenting Independent
Assortment and Genetic Linkage

In Drosophila melanogaster

INTRODUCTION AND OBJECTIVES

This semester, you will complete a series of experimental crosses to determine the nature of
inheritance of several observable traits in the model organism Drosophila melanogaster. At
the completion of this project, you will submit a written lab report in which you will explain

your findings.

The purpose of this project is to improve your understanding of the concepts of independent
assortment and genetic linkage. Your success in achieving this goal is dependent on your
own motivation to pursue additional readings, tutoring, or discussions with your instructor

as needed.

For this project, you will receive two different mutant lines of D. melanogaster. Using a se-
ries of experimental crosses, you are to determine which mutant line exhibits independent
assortment of traits, and which line exhibits genetic linkage. Both mutant lines will exhibit
autosomal inheritance of observed traits; you will not study sex-linked inheritance in this

project.

—‘_.
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For each of the mutant lines, you will complete the same experimental design, which is dia-
grammed on the following page (Figure 1-1).

The specific objectives to be addressed in this project are as follows:

1. Compare and contrast the results of experimental crosses (P x P and F x F) f9r two dif-
ferent mutant lines of D. melanogaster to document the observed phenotypic ratio of the F,
generation. One mutant line should result in F, phenotypic ratios consistent with mde.pen—
dent assortment, while the other mutant line should exhibit F, phenotypic ratios corfsxstent
with genetic linkage. You will use your observed data to determine which line is which.

2. Compare and contrast the results of test crosses (F, x recessive) for the same two mutant
lines of D. melanogaster to document the observed phenotypic ratio of the F, generation.
One mutant line should result in F, phenotypic ratios consistent with independent assort-
ment, while the other mutant line should exhibit F, phenotypic ratios consistent with genet-
ic linkage. You will use your observed data to determine which line is which.

3. For the mutant line you determine to be exhibiting genetic linkage, use the frequency of
recombinant offspring to determine the distance between the two genes involved.

4. Write a scientific paper (i.e., lab report) detailing the theory or philosophy behind the ex-
periment, describing the experimental design in sufficient detail for a reader to replicate,
reporting the results of all crosses and analyses completed, and explaining the implications
of the observed outcomes.
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la melanogaster as a Model Organism

model organism Drosophila melanogaster, the common fruit fly, as the
roject. We have chosen this species for our work because it is easy to
under lab conditions, it has a relatively short life cycle such that we
tions over the course of the semester, it produces many o
extensive research on development and genetics of this
ientific literature and can serve as important
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Distinguishing between Male and Female
Drosophila melanogaster

Many species exhibit sexual dimorphism, meaning that one gender exhlbllts ph}elgotypll(i1 ;?gtz
not shown by the other gender. For example, in birds, females ofte?n have less sk W}; Itlhe o
than males of the same species. This is because females, as the primary caretaker o % at_,
benefit from camouflage. Males, who must compete for mates, use show plurr;ageI in their 11'n
ing rituals to attract females. This is one of many examples of sexual dimorphism in animais.

Drosophila melanogaster exhibits sexual dimorphism as well: females are larger than males,
males have more rounded and darker abdomens than females, and males have sex combs‘o.n
their front legs that allow them to hold the female during mating. Males and females exhibit
distinctive genitalia as well, but this is more difficult for students to detect. For our purposes,

body size and abdomen shape and color are the easiest ways to distinguish between male and
female D. melanogaster.

Week 1: Establishing Parental Crosses

Mendelian expectations are dependent on a specific experimental design. As previously shown

in Figure 1-1, the first cross involves true-breeding (i.e., homozygous) parents for opposite traits
of interest. This is referred to as the parental cross.

Given that we are performing two experiments (one to observe the outcome of independent

assortment and one to observe the outcome of genetic linkage), you will establish two separate
parental crosses (one for each of the mutant lines you are given).
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