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Abstract:

Experiments to learn about the effect of light, sex, and diet on the activity of flies generate great
guantities of data that is necessary to analyze. Since different researches and students participate in the
analysis of those experiments, it is convenient to have a methodology to analyze the experimental data
using software so that the data can be analyzed in a uniform way. Being a double major in mathematics
and biology, | am interested in:

e Deciding which statistical procedure to use to analyze the data so that the research questions of
the researchers in biology are answered.

e Torecommend how to implement those procedures using software in an efficient way.

e To write a prototype for the interpretation of the results.

Those are the objectives of this work. In the thesis, we first applied two-way ANOVA to analyze the
effect of two selected factors, sex (female and male) and diet (liver and non-liver), on the fly activity
under dark condition and under light condition, respectively. Next, we employed the repeated measures
to capture how fly activity changes over time (day in this case) and to relate the changes to the selected
factors, sex and diet, also under dark condition and under light condition, respectively. Finally, we did a
little research on the analysis of circadian rhythms and compared the results with that obtained from
honey bee activity experiments carried out before.
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Chapter 1 Introduction

1.1 Experiment

Biologists believe that a variety of factors, such as sex, diet, temperature, and light, would affect the
activity of flies. Following such interests, Mr. Xinguo Lu, a graduate student in Dr. Joplin’s laborary at
ETSU, carried out several experiements on flies focusing on fly activity as the response variable and
selected factors, sex and diet (liver and non-liver), as predictor variables. They fostered a great
quantity of flies in incubators. When all flies were at the age of two days, they began to determine
four types of groups, female fed with liver, female fed without liver, male fed with liver, and male
fed without liver. There were exactly 224 flies involved, 80 in the female-liver group, 80 in the
female-nonliver group, 32 in the male-liver group, and 32 in the male-nonliver group. They put the
grouped flies into test tubes on special stands which had been connected with inductors used for
sensing and recording the activity for each fly per minute. The device was set up at 8:10:00 am the
first day. Every minute, the device recorded the number of times each fly had activated the sensor
during that minute and input the data to the computer to save. They kept the device on for the
following seven days powering off it at about 8:10:00am on the eighth day, and regulated the light
and dark conditions as time from 8:10:00am to 8:10:00pm the same day and from 8:10:00pm to
8:10:00am the next day, respectively. Note that during the experiment period, supplemental food
and water should be supplied keeping flies alive and normally activate.

Images below were taken by Mr. Xinguo Lu, showing respectively incubators and sense device
mentioned in this experiment.

Figure 1 incubator



Figure 2 sense device

1.2 Biological research interests

In this work, we mainly focus on three interests.

First, we are interested in the effect of the two factors, diet and sex, on the activity of flies. At the
beginning we apply two-way ANOVA on the experimental data to model the response variable,
including the difference in activity during the light and dark periods, and also the activity during the
light and dark periods separately related to diet and sex factors. The data are analyzed the first time
in Mintab. Then, we show the two-way ANOVA on the same data using SAS.Next we add time as a
third factor to model the mean response that is the activity in each day during several days
acounting for correlation among repeated measures on the same fly. This interest from the
biological point of view in observing several days is because flies achieve sexual maturity around the
third day after emerging as flies and this fact might impact their behavior. Two problems are found
out in this part: how the activity of different flies change related to the selected factors, diet and
sex; how the activities of the same fly change over time (day in this case). We employ repeated
measures to analyze data using SAS. Also, accounting for the two conditions, the response seperates
into two, the activity during the light period and the activity of flies during the dark perior

Finally, we apply the analysis of circadian rhythms to find out whether there is a repeated pattern of
activity of approximately 24 hours. Analysis on honey bee activities has indicated a sleep-wake cycle
displaying a characteristic 24-hour periodicity. We are wondering if the fly activity follows such a
cycle and what the period is. In this part, we use R to apply the analysis of circadian rhythms.

Chapter 2 Data Production and organization
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2.1 Data Files

The original data file produced by Mr. Xinguo Lu consists of the registered activity per one-minute
interval for each fly.

The original data file looks like this:

c1D c2 c3 Cc4 c5 C6 CcT

time LD activity per hr bin| ML1-1 ML1-2 ML1-3 ML1-4
8:10:00
8:11:00
8:12:00
8:13:00
8:14:00
8:15:00
8:16:00
8:17:00
8:18:00
8:19:00
8:20:00
A-21-Nn

= k| =& k| k| k| — | k| k| & -k —k

1
1
1
1
1
1
1
1
1
1
1
1
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Where LD represents light-dark (1 means light and 0 means dark), ML represents male with liver
(similarly, MNL means male without liver, FL means female with liver, and FNL means female without
liver), ML1-1 means the first male fly fed with liver in the repeat 1, ML1-2 means the second male fly fed
with liver in the repeat 2, etc.

Step by step in Minitab (details in 2.2 and appendix A. ), we obtain a new data file organized to facilitate
the analysis that shows the total activity per fly by hour with identifications of fly, day, age, sex, diet,
dark condition or light condition the difference between the light and dark periods and the total
activity during the day. Each row of the new data file corresponds to one fly.

The new data file looks like this:



c1 c2 C3.T CAT C5 Ce LW ca

Day Age Sex Diet Dark Light | Diff L&D K  sum
4 6 M ML b5 172 7 227
4 6 M ML * * * *
4 6 M ML 0 136 136 136
4 6 M ML 0 164 154 154
4 6 M ML * * * *
4 6 M ML 25 115 a0 140
4 6 M ML 14 184 170 198
4 6 M ML 0 112 112 112
4 B M ML 7 561 badq b68
4 6 M ML T 168 161 175
4 6 M 47 50 3 a7

ML

Where symbol * means missing data.

2.2 Software

MINITAB

a)

Create a column for the day, and a column for sex and diet. See Appendix A 1-1.
The data file will look like:

i5f Worksheet 1 ***

—
S S| e~ e W=

—
]

8:17:00

C1-D

time

g:10:00
8:11:00
g:12:00
g:13:00
8:14:00
g:15:00
g:16:00

5:18:00
g:12:00
8:20:00
8:21:00

c2
day

Tz @Iz =
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C4T
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b) First we calculate the total activity per day for each fly. See Appendix A 1-2.
The data file will look like:

c39 c10 ci 12 c13 ca4 c15 C16 o7 ca8 c19 50 51 c52
By day = By LD Sum1 Sum2 Sum3 Sumd Sum3 Sumb Sum? Sum8 Sum? | Sum10 | Sumi11l | Sum12
1 0 19 219 21 1 ] ] 2 ] 10 a0 54 a0
1 1 47 315 B 12 55 110 14 95 21 20 57 2
2 0 13 17 42 2 50 1 0 0 16 34 24 0
2 1 34 914 1 155 108 19 78 152 32 a0 EE] 3
3 0 ] ] ] ] ] ] 39 10 12 54 24 81
3 1 134 ] 17 54 450 126 78 287 133 E7 85 16
1 0 55 ] ] ] ] 25 14 ] 7 7 47 ]
4 1 172 0 136 154 0 115 184 112 561 168 50 13
5 0 7 0 0 19 0 12 0 1 13 54 B 0
5 1 94 ] 10 103 ] 272 185 300 179 106 130 54
B 0 25 ] 162 27 ] 7 ] ] 3 189 ] 2
R 1 M n 241 i} n e 143 R4 jGiaiat 115 [A92 92
c) Then we transpose the sums and label the variables day and LD. See Appendix Al1-3.
The data file will look like:
CH9-T C60 Ch1 Ce2 Ce3 Ce4d C65 Chb C67
Flies Day1D | DayiL Day2D | Day2L Day3D | Day3L DaydD | DaydlL
Sum1 10 62 22 111 ] 115 7 201
Sum?2 8 183 5 114 b4 56 32 162
Sum3 101 84 76 520 100 84 144 155
Sumd 16 32 73 45 64 723 ar 219
Sumé 5 41 5 al 17 79 0 144
Sumb 32 25 102 34 ] 0 0 0
Sum7 T 61 7 73 9 85 98 262
Suma g8 33 0 138 0 a7 5 76
Sumd 16 74 9 100 25 180 111 315
Sum10 20 ar 0 103 0 62 62 1072
Sumii 126 13 2 47 a1 73 19 109
Sum1? R7 1049 ar 40 i 111 17 Ah

d) Next we merge all data into one file and make a good organization for a nice look. See

Appendix A 1-4.
The data file will look like:

C53
Sum13

]

160

u]

199

u]

371
20
586

u]

336

]

180

C5
Sun



L1-1 LZ-1

L3

Sex Diet Repeat

ML
ML
ML

=== 22 2 2 =
=
—

[ A R T R R L T o S

41

Flies
Sumd3
Sumd4
Sumds
Sumdb
Sumd7?
Sumdd
Sum
Sumé
Sum3
Sumd

L2
Day1D

12

43

27
277

0

0

10

B

101
16

e) Finally, we split the data day by day. See Appendix A 1-5.

For example, for day one, it will look like:

Day Age Sex

[ TR % R LR PV R SV U P % R
=EEEEEEEEE

ML
ML
ML
ML
ML
ML
ML
ML
ML

Diet

2.3 Going from Minitab files to SAS and R files

Once the data files are prepared in Minitab they can be exported into other formats suitable for the

analysis either in SAS or R.

2.3.1 Preparing files for SAS

Dark

19

219
21

1

0

0

26

0

10

Lo o

Day1L Day2D

28 66

396 30

510 64

539 0

88 29

96 0

62 22

183 5

84 76

32 73
Light | Diff L&D
47 28
315 96
B -15
42 41
55 55
110 110
14 -12
95 95
21 1

L
Day2L

120
425
908
271
134
220
11
114
520

46

L |
Day3D
41
118

100
64

The easiest way is to save the Minitab file into an excel file. Once in SAS, the excel file can be imported

and stored in a library. Once in SAS the command ‘set nameoflibrary.name of file’ will make the data

available.

2.3.2 Preparing files for R

In the Minitab menu, choose: File> other files>export special text. Select the columns you want to

Export, choose the option ‘ANSI date file, and assign a name to the data file. From R, the data file can be

read with the command ‘read.table’.



Chapter 3 Effects of sex and diet on fly activity

First we will try to see the effect of diet and gender, and the possible interaction between them, on the
activity of flies for a given day. For that we will use the two-way ANOVA .

For that we need to prepare the data so that we have one observation per fly for that day, as illustrated
in the previous chapter.

3.1 Two-Way ANOVA

In the simplest form, Analysis of Variance (ANOVA) is a statistical test of whether or not the means of
several groups are all equal, and it is useful in comparing two, three or more means. Its fundamental
technique is a partitioning of the total variation into components related to the effects used in the
model:

Yije =+ a; + B +vij + €k

Where ;i represents the response, jis the general mean, a; and 8; represent effect by the two
factors, y;; represents the effect by the interaction between the two factors, and ¢; is the error part.

Basically, the total variation splits into two: the between group variation (or explained variability, also
denoted with SSModel) -and the within group variation (or unexplained variability).

Since there is more than factor, the explained variability or sum of squares SSModel is split in three
parts coming from the factors and their possible interaction: SS(A), SS(B) and SS(AB), where A and B are
the factors (in the experiments these are sex and diet) . SS(A) , SS (B) and SS(AB) are sum of squares that
compare the means of each group determined by the levels of A, B and the combinations AB with the
general mean. If the group means are close to each other, the sum of squares will be small.

The between group variances are denoted by MSA, MSB and MSAB for mean square between groups,
the between group variation divided by its degrees of freedom.

The within group variation is due to differences within individual groups, denoted SS (W) for sum of
squares within groups or SSE. The variance due to the differences within individual groups is denoted
MS (W) for mean square within groups, the within group variation divided by its degrees of freedom.

The whole idea behind ANOVA is to compare the ratio of between group variance to within group
variance. The F test is used for comparisons of the components of the total deviation. In one way
ANOVA (Only one factor considered), the F statistic is found by dividing the between group variance by
the within group variance. In the two-way ANOVA, the F statistics are calculated in a similar way
(dividing each MS by MSE) when the factors are of fixed effects. A factor is said to have fixed effects
when we are interested only on the specific levels that are being considered. In the case of the
experiments with flies both factors are of fixed effects, diet (the levels are liver and non-liver) and sex
(males and females)



The two-way ANOVA is generally an extension to the one-way ANOVA, where there are two
independent categorical variables variables (factors).

The assumptions behind it are the following:

e The populations from which the samples are obtained must be normally or approximately
normally distributed.

e The observations in the sample must be independent.

e The variances of the populations must be equal.

There are three sets of hypothesis with the two-way ANOVA.

e The population means of the first factor are equal.
e The population means of the second factor are equal.
e Thereis no interaction between the two factors.

And for each of the hypotheses, there is an F-test. The F-statistic is calculated shown below (A,B are two
random factors.)

F
MS(A) / MS(W)

MS(B) / MS(W)

MS(A*B) / MS(W)

By using software, we can calculate the F-stats and corresponding P-value on which we can make
conclusion whether or not to reject each null hypothes.

3.2 Analysis using MINITAB

We first use MINITAB to do two-way ANOVA on the differences between light and dark and on light and
dark alone.

Since the data set is unbalanced (not the same number of observations in each group), we use the
General Linear Model. See Appendix All.

The ANOVA table in the output looks like this:
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EAnalysis of Variance for Light, using Adjusted 55 for Tests

Source DF Seqg S5 Rdj S35  Rdj MS F o
Sex 1 1369978 1389252 1389252 &£.94 0.003
Diet 1 451486 10157 10157 0.07 0.798
Sex*Diet 1 1439514 1439514 1439514 9.26 0.003
Error 218 33871156 33871156 155372

Total 221 37132115

E = 394.173 R-Sg = 8.78% R-Sgladj) = 7.53%

For this particular day, during the light period of the day there is interaction between diet and sex (p-
value 0.003) meaning that the diet (liver/non-liver) does not equally affect females and males. The
interaction plot below shows that females have a higher mean activity if they don’t receive liver and the
females that do not receive liver have a mean activity similar to that of males in the non-liver group.

Interaction Plot for Light
Data Means
; i
500 o
—e—F
F400 | _m— M
S L 300
~ ~
~ L 200
-
-
~ . - 100
= Diet
=~ N o L
400 4 N —m— NL
N
200 .___v__.\ Diet
N
200 N
AN
100 - . L)
F M
3.3 Results.

The analysis was performed for each day, first for the difference between light and dark periods, and

then separately for the light and dark periods.
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Part [ Difference:

Day Age Factors F Statistics P-Value R-squared

1 3 Sex ﬁ ﬁ 6.73%

2 4 E % 16.34%

3 5 O-E a 11.14%

4 6 O-E E 5.36%

5 7 Sex 5 & 1.98%
5 s

6 8 0.00 0.950 0.23%
o o

7 9 0.44 0.510 0.52%
o

Interaction Plots (-200-600)

Day 1 (Age 3)

Interaction Plot for Diff_L&D

Data Means

—e—

400 —o— M
Sex / 200
-
Fo
200
600 Diet
—— L
—m— NL
400 -
2 T~
00 0—/‘(\4‘ Diet
“m
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Day2 (Age 4)

Interaction Plot for Diff_ L&D
Data Means

L NL
1 I
- 600 Sex
—e— F
400 |[—®— M
Sex - 200
o
- -200
600 - Diet
—— L
400 o —=— NL
~ ~
~
2007 - Diet
0
-200
M
Day3 (Age 5)
Interaction Plot for Diff_L&D
Data Means
L NL
1 I
- 600 Sex
—e— F
400 |[—®— M
Sex - 200
o
F-200
600 - Diet
—— L
400 - - —E— NL
~
~
2007 - Diet
0
-200
T
M
Day 4 (Age 6)
Interaction Plot for Diff_L&D
Data Means
L NL
1 I
- 600 Sex
—e— F
400 | —®— M
Sex - 200
Fo
- -200
600 Diet
——
400 —E— NL
2007 Diet
0 -
-200
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Day 5 (Age 7)

Interaction Plot for Diff_L&D
Data Means

L NL
1 h
600 Sex
—o— F
=~ L 400 [—®— ™
S ~= - 200
Fo
- -200
600 Diet
—— L
400 —E— NL
-— -
2008 T T Diet
0 -
-200 A
F M
Day 6 (Age 8)
Interaction Plot for Diff_L&D
Data Means
L NL
1 1
600 Sex
—e— F
400 | —®— ™
S - 200
Fo
- -200
600 - E'et
400 —E— NL
e ———
2008 Diet
0 -
-200 A
F M
Day 7 (Age 9)
Interaction Plot for Diff_ L&D
Data Means
L NL
1 1
- 600 Sex
—e— ¢
- 400 | —®— M
T T — — -
S 200
Fo
+ -200
600 - Diet
—— L
400 - — —E— NL
[ —
200 o=
Diet
0 -
-200 A
T T
F M
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Part Il Light:

Day Age Factors F Statistics P-Value R-squared
1 3 Sex 8.94 0.003 8.78%
2 4 Sex 10.50 0.001 6.79%
3 5 Sex 16.94 0.000 7.99%
| Diet 0.51 0.476
| Sex*Diet 0.35 0.554
4 6 Sex 5.77 0.017 4.19%
| Diet 0.09 0.762
 Sex*Diet 243 0.121
5 7 Sex 3.45 0.065 3.72%
| Diet 0.92 0.337
 Sex*Diet 4.03 0.046
6 8 Sex 5.23 0.023 4.66%
| Diet 122 0.270
 Sex*Diet 0.85 0.358
7 9 Sex 9.50 0.002 10.27%
| Diet 1.97 0.163
| Sex*Diet 4.48 0.036
Interaction Plots (0-900)
Day1 (Age 3)
Interaction Plot for Light
Data Means
X i
r8o0 | o ie"
L goo (-2 M
Sex / I 400
T — . F 200
0 .
800 4 . Elet
600 1 =N

400

200

Diet
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Day2 (Age 4)

Interaction Plot for Light

Data Means
L NL
n |
L Sex
800 .
Lgoo L—=— M
Sex / - 400
-_—_
- —— . F 200
0 .
800 - Elet
600 - —m— NL
[
400 S o - Diet
‘\\-0
200 - ~ .
0 . :
F M
Day3 (Age 5)
Interaction Plot for Light
Data Means
L NL
1 |
L Sex
800 ;
L oo (== M
Sex - - 400
T - 200
0 -
800 piet
600 - —&— NL
400 - Diet
200 -
0 : T
F M
Day4 (Age 6)
Interaction Plot for Light
Data Means
L NL
i !
L Sex
/ 800 —8— F
—m— M
- L 600
-~ ~
Sex T~ L 400
~a
- 200
N 0 Diet
800 - ie
N
> g
600 ‘\\\\,
N
400 N Diet
n
200 -
0 - "
F M
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Day5 (Age 7)

Interaction Plot for Light

Data Means
b W
L Sex
800 v
- L 600 L —2— M
Sex S~ - L 400
. L 200
800 4 0 Diet
—— L
600 - 'S —&— NL
-—
400 N Diet
=~ ~
200 -
0 T T
F M
Day6 (Age 8)
Interaction Plot for Light
Data Means
L NL
I )
L Sex
800 .
/ R
Sex - — L 400
- 200
0 -
800 - E'Et
LN _
600 - N i
~
=~ ~
400 - ~ Diet
200
0 . -
7 M
Day7 (Age 9)
Interaction Plot for Light
Data Means
L NL
1 1
o Sex
800 .
Lgoo (=~ M
Sex -—_ _ I 400
e |
- 200
g Diet
800 - n i
> ~N - Il:lL
600 ~
N
~N
400 - —_— . Diet
~a
200
0 r -
F M
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Part Ill Dark:

Day Age Factors F Statistics P-Value R-squared
1 3 Sex 2.73 0.100 1.50%
2 4 Sex 14.44 0.000 17.04%
3 5 Sex 18.07 0.000 20.62%
| Diet 12.25 0001
| Sex*Diet 9.23 0003
4 6 Sex 10.15 0.002 8.12%
| Diet 2.79 0.096
 Sex*Diet 1.70 0.193
5 7 Sex 9.02 0.003 4.44%
| Diet 0.20 0.657
 Sex*Diet 0.04 0.839
6 8 Sex 9.48 0.002 6.27%
| Diet 0.80 0.372
 Sex*Diet 0.65 0.421
7 9 Sex 6.99 0.009 8.00%
| Diet 2.29 0.132
| Sex*Diet 263 0.107
Interaction Plots (0-800)
Day1 (Age 3)
Interaction Plot for Dark
Data Means
L NL
L L 800 Sox
- 600 :;
[Sex 400
200
500 e = © Diet
00 )
0 Diet
200
-—%_*-:
’ ; "
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Day2 (Aged)

Interaction Plot for Dark
Data Means
L NL
L I 800
Sex
—8—F
F600 | _g M
e - 400
L 200
800 = —— = 0
Diet
—— L
600 1 —m— N
g Diet
200 -
0
Day3 (Age5)
Interaction Plot for Dark
Data Means
L NL
. h 800
Sex
o r
600 [ g
G - 400
L 200
-——
800 = 0 -
Diet
—8— L
600 —m— N
AiEDg Diet
200 -
0
Day4 (Age 6)
Interaction Plot for Dark
Data Means
L
L 800
Sex
—e—F
F600 [ g M
Sex - 400
L 200
-— —
800 0
Diet
—— L
600 - —m— NL
0 Diet
200 4
0
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Day5 (Age 7)

Interaction Plot for Dark

Data Means
L NL
L L 800
Sex
—e—F
600 | _g M
Sex - 400
.\0
- 200
———— -a
800 0 oo
el
—— L
600 —m— NL
400 Diet
200 A
0 T T
F M
Day6 (Age 8)
Interaction Plot for Dark
Data Means
L NL
L L 800
Sex
—e—F
I
Sex / I 400
- 200
-—————— -
800 0 —
1€
—— L
600 1 —B— NL
400 - Diet
~N
200 ~
Y
0 T T
[F M
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Day7 (Age 9)

Interaction Plot for Dark
Data Means
L NL
L L 800
Sex
—o—F
600 | g M
Gy - 400
L 200
—— = = — — -
800 0 :
Diet
—— L
600 —m— NL
G0 o Diet
~
~
200 4 ~
~N
0\1
0 . -
F M

3.4 Interpretation of the results.

Part | Difference

By checking the table as well as the interaction plots, interaction between sex and diet is significant
for activity difference between light and dark for each day. The patterns are about similar for the first
five days (Age 3 to Age 7). In the first five days, the interaction is very significant for activity difference.
Clearly the female with non-liver gets more activity difference than the female with liver, while the male
with liver behaves more activity difference. In the last two days, the interaction is not so significant. Also,
after the first day, the scales for female get smaller and smaller, while the scales for male get larger first,
and then get smaller in the last two days.

Part Il Light

By checking the table as well as the interaction plots, interaction between sex and diet is not very
significant for light activities on each day except the first day. Generally, the activity of female flies is
larger than that of male flies under the light. Patters of plots are about similar for days after the first day.
For females, those with non- liver are more active than those fed with liver. And the difference between
the activities of female without liver and of female with liver gets larger and larger. This indicates that
more liver needed as female flies grow. For male flies, those with liver are more active than those
without liver. The reason might be that male flies with liver are more powerful than those without liver.

Part Il Dark

By checking the table as well as the interaction plots, interaction between sex and diet is not
significant for activities of flies under dark condition. Generally, the sum of activities of female flies is
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larger than that of male flies. For male flies, basically, there is no difference of difference between male
without liver and male with liver because males don’t need liver for growth and they don’t move during
night. For females, those with liver are more active than those without liver in the first several days,
however, especially in the last two days, those without liver are obviously more active. This performance
verifies that female flies need liver to grow so that they try to find liver and increase the activity even
during night.

3.5SAS

We do both ANOVA and General Linear Model using SAS, and compare the results. See Appendix B I.

The outputs are given below:

The ANOVA Procedure

Dependent Variable: Light Light

Sum of

Source DF Squares Mean Square F Value Pr > F
Model 3 2916722.89 972240.96 2.55 0.0568
Error 198 75427755.13 380948.26
Corrected Total 201 78344478.02

R-Square Coeff Var Root MSE Light Mean

0.037229 119.1298 617.2101 518.0990
Source DF Anova SS Mean Square F Value Pr > F
Sex 1 1372308.136 1372308.136 3.60 0.0592

Diet 1 429.385 429.385
Sex*Diet 1 1543985.367 1543985.367

22



The GLM Procedure

Dependent Variable: Light Light

Sum of

Source DF Squares Mean Square F Value Pr > F
Model 3 2916722.89 972240.96 2.55 0.0568
Error 198 75427755.13 380948.26
Corrected Total 201 78344478.02

R-Square Coeff Var Root MSE Light Mean

0.037229 119.1298 617.2101 518.0990
Source DF Type III SS Mean Square F Value Pr > F
Sex 1 1313398.598 1313398.598 3.45 0.0648

Diet 1 352142.359 352142.359
Sex*Diet 1 1535675.553 1535675.553

Note the two outputs are different between ANOVA and GLM, for unbalanced data. Why? Which one
should we use in this case?

In SAS, proc anova is only used when there are an equal number of observations in each of the ANOV
cells (balanced design). proc glm is a much more general procedure that will work with any balanced or
unbalanced design (unbalanced meaning an unequal number of observations in each cell). Therefore, in
this case, proc anova is not appropriate and it would give inaccurate outputs. We should use glm.

Chapter 4 Effects of time, sex and diet on fly activity

In this chapter, we added time as one of selected factors. The repeated measures method is a good way
to capture how activity of flies changes over time and to relate the changes to selected factors (diet, and
sex in this case).

4.1 Repeated Measures

A repeated measures study refers to data sets with multiple measurements of a response variable on
the same experimental units. Basically, there are two factors, treatment(s) and time. Treatment is called
the between-individual factor because levels of treatment can change only between individuals. Time is
called within-individual factor because different measurements on the same individual are at different
times. In repeated measures experiments, interest concerns on 1) between-individual changes in the
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response and 2) within individual changes in the response over time. Actually, the assessment of within-
individual changes in the response over time can only be achieved within a repeated measures study
design. For example, in a cross-sectional study, where the response is measured at a single time, one
can only obtain estimates of between-individual differences in the response while not obtain measures
of how individuals change over time. On the other hand, a repeated measures study that measures an
individual at different times could capture how individuals change over time. As mentioned, there are
two problems of interest in this experiment on flies: how the activities of different flies change related
to the factors, diet and sex; how the activities of the same fly change over time. Therefore, in this case,
the repeated measures method is a good choice to solve the problems.

In the experiment described in chapter 1, day is the within-individual factor, both sex and diet is the
between-individual factors, and activities of flies are the response variable. Note that in this case, we
cannot simply treat activities of one fly each day as the response because each day the same fly activity
is measured twice actually, under the light condition and under dark condition. Thus, the response
separates into two responses, the light activity and the dark activity, due to the independent assumption
behind the repeated measures.

The model is in the ANOVA context:
Yijmk = U+ & + Bj + pm + 0ij + Tim + Gjm + €ijmic

, Where y;jm is the response, u is the general mean, a;, f;andpy, respectively represent the effects of

three factors, 0;;, T;,and oj, respectively represent the effects of interactions between two factors,

jr
and &;jmy is the error part.

4.2 SAS

We use SAS to apply the repeated measures on the experimental data. In SAS, there are three general
types of repeated measures analysis. One method is called univariate analysis of variance, using PROC
GLM with the RANDOM statement. Another method applies multivariate and univariate analysis
methods to linear transformation of the repeated measures. It uses PROC GLM with the REPEATED
statement. The third one applies methods based on the mixed model with special parametric structure
on the mixed model with special parametric structure on the covariance matrices. It is applied in PROC
MIXED, typically using the REPEATED statement. Note that both PROC GLM and PROC MIXED test within
individual variability for repeated measures analysis of variance. PROC GLM is basically a fixed-effects
procedure that can handle class and continuous variables.

In this work, we focus on mixed measurements, one of repeated measures, which use PROC MIXED
procedure in SAS. Although we typically use PROC MIXED with the repeated statement, we use the
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RANDOM statement sometimes. In this statement, it assumes that there is no relation between
observations over time, and its structure is called compound symmetric structure. However, this
structure is probably not realistic because two observations close in time are likely to be more highly
correlated than two observations far apart in time. The REPEATED statement not only models variation
between subjects as the RANDOM statement does, but also is used to model the covariance structure
within subjects. Basically, PROC MIXED with the REPEATED statement provides three covariance types:

e Compound symmetric structure (CS in SAS), is also named covariance pattern models in which
we assume the between-individual variance and the within-individual variance are confounded.

e Autoregressive order one structure (AR (1) in SAS), is also named random effect covariance
structures in which the between-individual variance and the within-individual variance are not
confounded.

e Unstructured model (UN in SAS), is also called unstructured covariance in which no
mathematical pattern is imposed on the covariance matrix.

Note that the choice of the three covariance structures would affect the result for which reason we
need to decide which to assume in the model for final inference. The decision process can be
assisted by using two model-fit criteria computed by PROC MIXED, Akaike’s Information Criterion
(AIC in SAS) and Schwarz’ Bayesian Criterion (SBC in SAS). It appears that the covariance structure
with values of the criteria closest to zero is considered most desirable.

4.3 Results of the repeated measures analysis

We use the three types of structures in mixed measures (compound symmetric, autoregressive
order one, and unstructured), run in SAS and make the comparison. Recall that in this experiment,
we determine time, diet, and sex as predictor variable, and that the response separates into two:
light activity and dark activity.

The procedures are shown in Appendix B-2

4.3.1 Compound symmetric structure
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Type 3 Tests of Fled Effects

Num  Den
Effect OF OF  Chi-Sgwre  F Value Pr=(hisy Pr>F
SEK T 26 20,54 004 <0001 <.0001
diet 1T 26 0.94 0.9 0.3328  0.338
sextdiet 1T 26 13,34 13,34 0.0005  0.0003
day B 1416 35.61 5.97 <0001 <.0001
Sex*oay B 1416 6,44 1.7 0.5786  0.9762
digt*day B 1416 6.89 1.15 0.8315  0.8322
SEX"ULET day 6 1416 3.99 0.66 0.6781  0.67
(a) Tests for light—fy-activity
Type 3 Tests of Fiwed Effects
Huw — Den

Effert D DF Chi-dquare Flelue  fre(nily Fr>f
se 1 2% 41.61 41,61 <0001 <0001
diet 1 2% 3.68 3.66 0.065  0.0569
sex"diet 1 236 2.1 2,13 01442 0.1456
day B 1416 1134 1.89 0.0ve8  0.07%4
sex*day § 1416 14,94 243 0.0e07  0.0¢12
d1et*day § 1416 8.7 6.36 <000 <0001
dex"dlet*day 8 1416 32.89 5.48 <0001 <0001

(b) Tests for dark-flv-activity
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4.3.2 Autoregressive order one structure

Type 3 Tests of Fixed Effects for light

Num  Den
Effect 0F  [F Chi-Squere F Value ProChidy FrsF
sex 1 236 26.08 26.08 <0001 <.0001
m 1 286 1.19 1.19 0.2151  0.2762
sexdiet 1 26 16,94 16,94 <000 <,0001
day § 1416 26.54 442 0.0002  (.0Co2
sex*day B 1416 5.32 0.89 0.5040  0.5043
diet* day § 1416 5.39 0.90 0.4945  (.4%48
sex*diet*day 5 1416 4.07 0,58 0.6677  (.667
(a) [Tests for light—fly-activity
Type 3 Tests of Fixed Effects for DARK
Num  Den
Effest OF OF  Chi-Sqare  F Value Pr=ChiSg FPr>F
sex 1 236 40.90 40,90 <0001 <0001
diet 1 236 3.60 3,60 0.057  0.0591
sex*diet 1 236 2.10 2,10 0.1478  0.749¢
day § 1416 11,25 1.87 0.0810  0.0819
sex*day § 1416 15.41 2.57 0.017%8  0.0177
dlet* day B 1416 27.96 4,66 0000 0.0007
sex*dier*day § 1416 26.61 4,27 0.00cc  0.0003

(b) Tests for dark-fly-activity
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4.3.3 Unstructure structure

Effect

S8
dist
sendiet

day

sex"day
dist
sex*diet*day

Effect

SEX
diet
sex*diet

day

sexday
diet dy
sex*diet*day

hun
OF

O O O Oy & w0 &

fun
OF

o O O O — @ —A —k

Type 3 Tests of Fised Effects FOR LIGHT

[en
0

236
238
236
238
236
238
236

{ni-Square

20.54
0.94
13,34
3.7
4,76
7.06
4,36

F Value

#0.54
£.94
13.34
6.29
0.73
1.18
0.73

Pr > Chis

<, 0001
0.3328
0.0003
<000
05744
0.3187
06240

(a) Tests for light—fly-activity

Typs 3 Tests of Fixed Effects

Oen
r

23
238
236
25
236
236
236

thi-Squere

41,61
3.66
213

17,32

2.7

20,29

18.04

F Value

41,61
3.66
213
2.89
3.53
3.38
ann

FOR DARK

Fr > i

<0001
0.0557
0.1442
0.0062
0.0017
0.0025
0.0041

(b) Tests for dark-fly-activity
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Pr>F

<0001
0.3338
0.0003
<,0001
0.6754
0.3198
0.6253

EPF

<,0001
0,0563
0.1456
0,0098
0,0023
0.0032
0.0052



4.3.4 Covariance Structure Comparison

Light

dark

Light

gazk

g

Fit Statistics

-2 Res Log Likelihood 2B131.
AIC (=2maller is better) 26136,
AICC (snaller is better) 25135.
BIC (smaller is better) 25142,

Fit Statistics

-2 Rez Log Likelihood 26759,
AIC (smzller is better) 25763,
AICC (=snaller is better) 25763,
BIC (zmzller iz better) 25770.

Fit Statistics

-£ Hes Log Likellhood 24996,
AIC (smaller i= better) 25000.
AICC (=maller iz better) 25000.
BIC (smaller is better) 25007 .

Fit Statistics

-2 Res Log Likelihood 25721.
AIC (smaller iz better) 25725,
AICC (=maller is better) 25725,
BIC (smaller i= better) 25732,

Fit Statistlcs

-2 Res Log Likelihood 24BE1.0
AIC {smaller is better) 24717.0
AIGC (smaller 1s DETTEr) 24716.0
BIC {=maller iz better) 24814.4

Fit Statistics

-2 fes Log Likelihood 258523,
AIC {amallsr is better) 2EETD.
AICT (smaller 15 beTTer) 25580,
BIC {=maller iz hetter) 2RETT.

(¢) Statistics for unstructured structure
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4.4 Discussion of the repeated measures analysis

4.4.1 Compound symmetric structure

First, we check the test table for light-fly-activity. Since Sex-P-value is .0001 as shown in the test
table, the factor ‘sex’ has significant effect on the between-individual changes in the response. Note
that Diet-P-value is .3838; the effect of diet is not significant on the between-individual changes in
the response. And since the Day-P-value is less than .0001, we know that the within-individual
changes are significant over time. At last, the P-value of sex*diet*day is .67, which means that the
effect of interaction between sex and diet on the response has no difference on different days.
Similarly, we check the test table for dark-fly-activity, which comes out a result. The factor ‘sex’ still
has significant effect on the response, and factor ‘diet’ makes no difference on the response.
However, the interaction between sex and diet has significant effect on the response over day in
these days.

4.4.2 Autoregressive order one structure

Also, we check the test for light-fly-activity first and then the test for dark-fly-activity. Note that all
statistics involved are very close to those obtained in compound symmetric structure. Thus, the
conclusions are the same with those made in compound symmetric structure.

4.4.3 Unstructure structure

Again, the statistics are almost the same with those obtained in the two structures above, and also
the conclusion.

4.4.4 Comparison of structures

Although the statistics obtained in the three structures are similar, the unstructured covariance is
better than the others for the smaller values (closer to zero) in terms of the light-fly-activity
response, while the autoregressive order one structure is the better one referring to the dark-fly-
activity response.

4.5 Profile Plots

The following plots display the mean activity for all flies in each group throughout all the days that the
experiment lasted. The profile plots are prepared with Minitab by calculating the means by groups and
using scatterplots with connecting lines. And it is a good summary for the whole story.
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4.5.1 Mean activity during light

Mean activity during light by sex and diet

900

Variable

- —@— light mean_F-L
800 - <\ —m— light mean_F-NL
~ - - light mean_M-L

700 —A - light mean_M-NL

600 -
500

400 4

mean activity

300

200 4

days

From the plot, the activity trend of each group goes up at the starting and then down. In average, the
most active day is the fourth day for each group and female fly is more active than male fly. And during
the light, Female fly fed without liver is most active, which might because they need move to find food.

4.5.2 Mean activity during dark

Mean activity during dark by sex and diet
800 Variable
—@— dark mean_F-L
700 - —m— dark mean_F-NL
-~ dark mean_M-L
6004 —& - dark mean_M-NL
2 500 -
2
hd
® 400
c
©
g 300
200
100 o - - s
- - - >
0 y SSuuy R A A—
1 2 3 4 5 6 7
days

From the plot, during dark, similarly the female fly is more active than the male fly in general. The male
flies act as the same way over the seven days no matter if they are fed with liver or not. For female
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group with liver, the activity trend is to go up at first and then down. Also, obviously, female group with
liver is the most active, which might because they have more energy for their movement in dark.

Chapter 5 Analysis of circadian rhythms

The sleep-week cycle, with its characteristic intervals of activity alternating with restfulness that
recur with a periodicity approximating the 24-hour day-night cycle, is the prototypical example of a
behavior that demonstrates a circadian rhythm. Based on analysis of circadian rhythms applied on
records of behaviors of honey bees, they follow 24 hours circadian rhythms. In this case, we are
interested in the most important frequency for flies and then find out how important the circadian
rhythm is for this fly. Circadian rythms are studied from experiments that keep the organisms in
constant darkness or free-run experiements, external cues of light and dark are absent.

We use R to do the analysis of circadian rhythms.

a. Create “objects” for particular flies and read it.
1. First, open up ‘FNL Activity’ in origindata file. It look like this:

time monitor LD activity per bin| FML1-1 | FNL1-2 | FNL1-3 | F

§:09:00 1 1 1 0 0 0
8:10:00 1 1 1 1 0 0
8:11:00 1 1 1 3 g 0
8:12:00 1 1 1 0 0 0
8:13:00 1 1 1 1 3 0
8:14:00 1 1 1 0 0 0
8:15:00 1 1 1 0 0 0
8:16:00 1 1 1 4 0 0
8:17:00 1 1 1 0 0 0
§:18:00 1 1 1 0 0 0
8:19:00 1 1 1 0 0 0
8:20:00 1 1 1 0 0 0

2. Select FNL1-1 to FNL1-8 and create “objects” in a new file which could be read in R.
See Appendix C.
The data file looks like this:
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fly Tm

60

20

CDoOoOoo0o00O00O000oOFRFoO00 OO OWRED
Lo T e e e I e e e e e e e i Y e e Y e O e i Y e e i e WO o e
L e e e I e e e e e e e i e O e i e e i e e e Y e e e e e e
Lo e e e e e e e e e e e Y e I e R Y e e i Y e e e Y e e e e e
Lo I e e e I e e e e e e e i Y e I e i Y e e i e e i e e e e e e
Lo I e e e I e e e e e e e i Y e I e i Y e e i Y e e i Y e e Y e e
OO FOOOOOOOoOoORFOROO0O0O0DO0Oo0D
o0 OOLOOOOOOOOoOOOoOOOOOQWoD

Each column represents one fly.

Read in R. See Appendix C.

Create an ‘object’ for each fly, and we do the time series plot and if the fly died before
the end. (you can cut the data accordingly) See Appendix C.

We choose Fly1l-1 for example.

Its time series plot is shown below.

0

| I I I I I
5000 10000 15000 20000 25000 30000

Time

Note that the fly dies after 30,000.
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5. Next do the Periodogram to find out the most frequency for the particular fly. Since the
perioplot function which produces the plot of the periodogram, we need put the
program in R. See Appendix C.

The periodogram plot is shown below.

= 1428 57142857143
8 |
g
(e
= |
[
o
=
2 o=
2 g7
o
S _|
o
Munm. T
]

T T T T T T
0.0 01 032 03 04 05

freq

The most important frequency is a very low one, the period is 1438. Since the data are produced by
minute, we can divide 1438 by 60 to have the period in hours 1438/60= 23.96667 ~ 24 hrs.

6. Now let’s see how important the circadian rhythm is for this fly. Program see Appendix
C. The significant plot is shown below.
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Series: flylm
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Almost only 4% of the total variability is attributed to the circadian rhythm and cycles longer than one
day, including any possible trend.

7. Atlast, calculate the periodogram in numerical version. Also, the perionum function for
calculation is not a plug in function in R, we need put it in. See Appendix in R. The output
is shown below.

frequency intensity period cumulative®

|11,] 3.333333e-04
[12,] 3.666667e-04
[13,] 4.0000002-04
[14,] 4.333333e-04
[15,] 4.6666672-04
[16,] 5.000000e-04
[17,] 5.333333e-04
[18,] 5.666667e-04
[19,] 6.0000002-04
[20,] 6.333333e-04
[21,] 6.6666672-04
[22,] 7.0000002-04
[23,] 7.333333e-04
[24,] 7.6666672-04
[25,] 8.0000002-04

3.2398950e+02
4.189092e+02
1.073459e+03
6.012089e+02
1.829375e+01
5.817232e+01
9.25081%9e+01
1.509914e+02
6.1405292+01
3.670101e+02
2.269770e+03
4.266218e+03

3000.000
2727.273
2500.000
2307.692
2142.857
2000.000
1875.000
1764.706
1666.667
1578.947
1500.000

1428.571

2.304749e+03

1363.630

2.58665%e+01

1304.343

4.188875e+02

1250.000

1.454/63e+00
1.543684e+00
1.77666%9e+00
1.8907157e+00
1.911128e+00
1.923753e+00
1.943832e+00
1.976603e+00
1.9859931e+00
2.0659587e+00
2.562223e+00
3.488171e+00
3.988393e+00
3.994013e+00
4.0849292+00
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Appendix
Appendix A--- MINITAB PART
| Data preparation and organization

The original Data file (check origindata folder in thesis data folder):

C1-D c2 c3 c4 C5 C6 C7

time LD activity per hr bin| ML1-1 ML1-2 ML1-3 ML1-4
8:10:00
8:11:00
8:12:00
8:13:00
8:14:00
8:15:00
8:16:00
8:17:00
8:18:00
8:19:00
8:20:00
2-21-nn

| k| k| =k | =k | =k k| =k | —h | —h | =k | =&

1
1
1
1
1
1
1
1
1
1
1
1

Do Mo M o oo o oo oo
o TR e TR e T L R e T e B e B e T e Y e T o T e ]
ju R o B o R e R e R o RN o B == == R o [ |
= R o B e R e R e Y o R o R o B o [ o [ o R o ]

1. Preparation of the data
f) Create a column for the day, and a column for sex and diet. In Minitab, we use EDITOR>
insert columns, and create 3 columns.
g) Use CALC>Make Patterned Data to create the values for each one of these variables

For day, there are 1440 observations per day, divide the total number of observations per 1440 to know
how many days you have information for. In the example there were 7 days.
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Simple Set of Numbers

Select |
Help |

atare patterned datain: | day

Erarn Firsk walue: | 1

To lask walue: 7

11

In steps of;

Murnber of tirnes to list each value: I 1440
Murmber of times ta lisk the sequence: I 1

(0] I Cancel

In the column ‘sex’ write the appropriate letter for your data file

Text Yalues

Selech |
Help |

—
X
Store patkerned data in: | sex

Text walues (eq, red "light blug"):
|

mumber of times ta lisk each value: I hiooso
Mumber of tirmes ta lisk the sequence: I 1

(0] I Cancel

Same for the diet
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Text Yalues [E

Store patterned data in: | diet

Texk values (eq, red “light Blus"):
ML

Mumber of times ta lisk each value: 10030
Murmber of times ta lisk the sequence: 1

Help (0] | Cancel |

Now the data file should look like this:

i5f Worksheet 1 ***

4 c1-D c2 31 C4.T C5 C6 ) Ccs co
time day sex diet LD activity per hr bin) MNL15 & MNL16 | MHNL1-7
1 g:10:00 1M ML 1 1 a 5 a
2 &:11:00 1M ML 1 1 a a a
3 8:12:00 1M ML 1 1 a a a
4 8:13:00 1M ML 1 1 a a a
5 &:14:00 1M ML 1 1 a a a
6 g:15:00 1M ML 1 1 a a a
7 8:16:00 1M ML 1 1 a a a
8 g:17:00 1M ML 1 1 a a a
9 5:18:00 1M ML 1 1 a a a
10 8:19:00 1M ML 1 1 a a a
11 &:20:00 1M ML 1 1 a a a
12 g:21:00 1M ML 1 1 a 7 a

2. Calculating the total activity per fly per day and L or D during that day

Stat>Basic statistics>Store Descriptive Statistics
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Store Descriptive Statistics

1
ZZ
3
4
5
&
7
3
9
10
11
1z
13
14
Z15
16

kirne
day
S

diet
LD

E

activity per h

MELL-5

MELL-6

MMLL-7
MML1-5
MML1-13
MML1-14
MML1-15
MHL1-16
MML1-21
MML1-22
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e
Help

Yariahles:

X

c7-c3b

By wariables [optional):

day LD
Skakiskics. .. | Cipkions. .. |
K | Cancel |

Now the totals per light period (L/D) for each day and for each fly have been calculated

The data file should look like this, where the columns ‘sum’ corresponding to the total activity per day

per fly by LD:

C39
By day

Do mom e s

c40
By LD

Cci
Sumi
19
47
13
34

c42
Sum2
19
315
17
214
0

0
0
0
0
0
0
n

C43
Sum3

21

g

42

41

0

17

]

136

0

101
162
241

Ci4
Sumd
1
42
2
155

a4

154
19
103
e
AR

Ci5
Sum5
0
25
50
108

4a0

oo o o o o

C46
Sumb

0

110

1

19

0

126
25

15

12
272

7

P

3. Transpose the sums and label the variables day and LD:

Data> Transpose Columns
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ca7
Sum7

2B

14

0

73

39

73

14

184

185

143

Cc48
Sum8

0

a5

0

152

10

287

12

300

R4

Cc49
Sum?
10
21
16
32
12
133

561

179

AR

C50
Sum10

30

20

34

30

a4

67

7

168

54

106
139
117

C51
Sumii

o4

a7

24

33

24

a5

47

50

B

130

57

C52
Sumi2
30
2
a

g1
16
0
13
1]
a4
2
o

C53
Sum13

0

160

0

199

0

371
20
586

1]

336

0

18N

Ch
Sun



Transpose Columns

C1 time

C2 day

C3 sex

C4 diet

C5 LD

Ca  activity per h

Select |

i

=

Transpose the following columns:

Store franspose:
i~ In new worksheet

Marme: I

f* After last column in use

Create variable names using column; I (Optional)

(Optional)

Help | oK I Cancel |
The data file should like this:
CAT C5 Ce c7 ca ca9 c10 c11 c12 c13
Flies Day1lD | DayiL Day2D | Day2L Day3D | Day3L DaydD | DaydlL Day5l
Sum? 19 47 13 34 0 134 55 w2
Suma2 219 35 17 914 0 0 0 0
Sum3 21 4] 42 41 0 1w 0 136
Sumd 1 42 2 155 0 54 154
Suméb 0 b4 50 108 0 450 0
Sumé 0 110 1 19 0 126 25 115
Sum7 26 14 0 78 39 78 14 184
Suma 0 95 0 1562 10 287 0 12
Sum9 10 21 16 32 12 133 7 561

4. We merge all data into a file which looks like this:
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L1-1 -1 L L4-1 L2 Lb L L L |
Sex Diet Repeat Flies Day1D | DayiL Day2D | Day2L Day3D
i ML 2 Sumd3 12 28 66 120 41
i ML 2 Sumd4 43 396 30 425 118
i ML 2 Sumds 27 510 64 908 13
i ML 2 | Sumdb 277 539 0 271 0
i ML 2 Sumd7 0 88 29 134 0
i ML 2 Sumds 0 96 0 220 0
i L 1| Sum 10 62 22 111 0
i L 1| Sum2 B 183 5 114 54
i L 1| Sum3 101 84 76 520 100
M. L 1| Sumd 16 32 73 46 64

5. We split the data day by day and calculate the difference (check in byday folder in thesis data folder):

For day 1:

Day Age Sex Diet Dark | Light | Diff L&D
1 3 M NL 19 47 28
1 3 M NL 219 315 96
1 3 M NL 21 6 15
1 3 M NL 1 42 41
1 3 M NL 0 55 55
1 3 M NL 0 110 110
1 3 M NL 26 14 12
1 3 M NL 0 95 95
1 3 M 10 21 11

ML

Then we get a file folder look like this:

|m Dayl.

MTW

m Day2.
il Day3.
[1] Daya.
m Day5.
[1] Days.
il Day7.

MTW
MTW
MTW
MTW
MTW
MTW
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Appendix A MINITAB PART

Il Two-way ANOVA

Stat>ANOVA>General Linear Model

Stat Graph Editor Tools

i Basic Statistics »
- Regression [
8 aoa
DOE 4
Control Charts k
Quality Tools [
Reliability/Survival L
. Multivariate »
Time Series k
Tables »
Monparametrics r
EDA 3
£ Power and Sample Size »

Window Help Assistant

GO 7@

oot CRA T OGO

General Linear Model

& One-Way...

AI One-Way (Unstacked]...
EH Two-Way...

= Analysis of Means...

ADY Balanced ANOVA...

@ General Linear Model...

[== Fully Mested ANOVA...

&% Balanced MANOVA..
o General MANOVA...

“Efg Test for Equal Variances...
|i* Interval Plot...

HA Main Effects Plot...

P Interactions Plot...

11w |

how

Responses: | Light

Z1  Day

Z2  Age

3 Sex Model:
4 Diet

5 Dark

6 Light

7 Diff_L&D

8 Sum

Sex Diek Sex* Diet|

R.andom Factors:

Select |
Help |

Covariates. .. | Options... | Q:umparisu:uns...l
araphs. .. | Results, .. | Skarage... |
Factor Plaks, .. |

(0] 4 Cancel |
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APPENDIX B SAS
| Two-way ANOVA and General Linear Model in SAS

a. Two-way ANOVA

1. To export the data file from Minitab into Excel and read it in SAS.

File View Tools Solutions Window Help

DEw £ 08

Import Wizard - Select import type

Dl SR|5BRE

orterts of 'SAS Envionment

4 # 3

File Shorteuts

“what type of data do yau wish o impart?
Favorite
Folders

@ Connect to MS Excel

Hy Computer

Libraries
Standaid data source

Select & data source from the fist below

Warkbook: [E\Thesis\Nov. 16\Data\Day5 45

oK Cancel

[} Browse.

Hep | Coneel <Back Firish |

Output - (Untitled) | 5] Log - (Untitied) B Editor - Untitledt |8 Connoct to S Excol

| & Renls

(8] Explorer
=

53 Ci\Documents and Settingsiseier J

Els Yew Iools Solutions indow Help

v HiowE&RiREc(DB@08

ontents of 'S45 Envionment’
4 # &
g! Choose the 545 destination
Libraries File Sharteuts Favorite
Folders Libraiy:
@ |work ~
Mermber;
My Computer |day5 v‘
SA5
Import Wizard
545 Destination
Hep | Comcel | <Beck | Erish |
S Ress & e Output - (Untitied) | ) Log - {Untitled) | B egitor - untitiedt | [& mport Wizard - So...
—
53 Ci\Documents and Settings|seier

2. Program to do the analysis of day 5
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options ps=e0 13=80:
data dayfive:
zet work.dayb:

ron;
proc print data=dayfive (obs=10):
ron;

roC aAnova;

clazzs Sex Diet ;

model Light=5ex Diet Sex*Diet;
pProc anovas

cla=zzs Sex Diet

model Dark=5ex Diet Sex*Diet;
Proc anova:

clazsz Sex Diet ;

model Diff I D=5Sex Diet Sex*Diet:
ron:;

b. General Linear Model
Program to do the analysis of day 5

options ps=60 13=80;
data dayfive:

et work.days:;

run;

proc print data=dayfive (obs=10):
ron:

pProc anovas

clazs Sex Diet ;

model Light=5ex Diet Sex*Diet;
proc glm;

clazss S5ex Diet ;

model Dark=5ex Diet Sex*Diet;
proc anovas

claszs Sex Diet ;

model Diff L. D=5ex Diet Sex*Diet;
romn;s

Il Repeated measures in SAS

a. Program for compound symmetric structure
1. light-fly-activity response

option p3=1000 13=80;

data flie=;

infile 'e:alldaysflies.datc":;

input fly sex$ diet$ day dark light:

ron:

proc mixed;

claazs fly sex diet day:

model light= sex diet sex*diet day sex*day diet*day dav*sex*diet/5 CHISQ;
REPEATED day/ type=cs subject=fly R RCORR;

ron;
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dark-fly-activity response

option ps=1000 13=80;

data flie=;

infile 'e:alldaysflies.dat’:

input fly sex$ diet$ day dark light:

ron-

proc mixed;

clazzs fly =zex diet day:s

model dark= sex diet sex*diet day sex*day diet*day dav#sex*diet/5 CHISQ;
BREPEATED day/ type=cs subject=fly R RCORR;

run;

b. Program for autoregressive order one structure

1.

light-fly-activity response

option ps=1000 1l3=80;

data flies=;

infile 'e:alldayaflies.dat';

input fly sexf dietf day dark light:

run:

proc mixed:

clazz fly =sex diet day:

model light= zex diet sex*diet day sex*day diet*day day#sex*diet/5 CHISQ:
EEPEATED day/ type=ar(l) subject=fly R RCOER;

ron:

dark-fly-activity response

option ps=1000 l1s3=80;

data flies;

infile 'e:alldaysflies.dat':

input fly sex$ diet$ day dark light:

ron;

proc mixed:

clazz fly sex diet day:

model dark= sex diet sex*diet day sex*day diet*day davy#sex*diet/5 CHISD:
EEFEATED day/ type=ar(l) subject=fly R RCORR:

ron:

c. Program for unstructured structure

1.

Light-fly-activity response
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option ps=1000 l13=80;

data flie=;

infile 'e:alldaysflies.dat’:

input fly sex$ diet$ day dark light:

ron:

proc mixed;

clazzs fly =sex diet day:s

model light= zex diet sex*diet day sex*day diet*day day*sex*diet/5 CHISQ;
EEPEATED day/ type=UH subject=fly R RCOER;

run;

2. dark-fly-activity response

option ps=1000 l13=80;

data flies=;

infile 'e:alldaysflies.dat";

input fly sex$ diet$ day dark light:

ron:

proc mixed;

clazzs fly sex diet day:s

model dark= sex diet sex*diet day sex*day diet®*day day*sex*diet/5 CHISQ;
EEPEATED day/ tvpe=UH subject=fly R RCOER;

run;

Appendix CR PART (Complete on March 12)
Analysis of Circadian Rhythms in R

1. Create “objects” for particular flies and read it.
a. First, open up ‘FNL Activity’ in origindata file. It looks like this:

time monitor LD activity per bin| FML1-1 | FNL1-2 | FNL1-3 | F

§:09:00 1 1 1 0 0 0
8:10:00 1 1 1 1 0 0
8:11:00 1 1 1 3 g 0
8:12:00 1 1 1 0 0 0
8:13:00 1 1 1 1 3 0
8:14:00 1 1 1 0 0 0
8:15:00 1 1 1 0 0 0
8:16:00 1 1 1 4 0 0
8:17:00 1 1 1 0 0 0
§:18:00 1 1 1 0 0 0
8:19:00 1 1 1 0 0 0
8:20:00 1 1 1 0 0 0

b. Select FNL1-1 to FNL1-8 and create “objects” in a new file which could be read in R.
File>Other Files...>Export Special Text...
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C1 time | Columns to export:

€2 monitor FML1-1'- FNL1-8]

C3 LD

C4  activity per b

C5 FML1-1

C6 FML1-2

C7 FNL1-3 User-spedified format:

C8 FML1-4

C9  FML1-5

C10 FML1-6

C11 FML1-7

C12 FML1-G

C13 FML1-9 _I Decimal Separator
- -

C14 FML1-10 & Period

" Comma

B [ I*_IL|i

Select |
Help oK I Cancel

c. Click Ok to save data in a new file of .dat form and name it FNL-8.

OO I~ Thesis v Original data + [ [ search Original data

Organize =  Mew folder

B Videos 21T e = | Date modifiad

1M Computer Mo items match your search.
— Local Disk (C:)
<2 CD Drive (D3)
5@ Applications (\\E
L# Resources (\\etst
L8 departments (\\e
G com (\etsufs2) (
=a WriteCache (W:)
L wangrl {"l.,‘l.,ehulal—
“#* Removable Disk |

£l

<

File name: I FML-g|

Save as type: |Unicode Data Files (*.DAT)

'~ Hide Folders
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fly2m

2. ReadinR.
Note: In R when the data file has only one column you use ‘scan’; if it has several
columns we use ‘read.table’.
In this case, since there are eight columns, we use ‘read.table’.

eightflies<-read.table('e:FNL-8.dat')

3. Now create an ‘object’ for each fly, and we do the time series plot and if the fly died before the
end. (you can cut the data accordingly)
a. Flyl-1
flyl<-eightflies[,1]
ts.plot(fly1)
flylm<-fly1[1:30000]
ts.plot(flylm)x<-scan('e:onebeesu.dat')

b. Fly1-2
fly2<-eightflies[,2]
ts.plot(fly2)
fly2m<-fly2[1:40000]
ts.plot(fly2m)

i
Lt |
= |
Lo
= _|
=
D_
| | | | |
0 10000 20000 20000 40000
Time
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For a fly like this one the trend will dominate the periodogram we won’t be able to perceive the
circadian rhythm even if it existed.

4. This is the perioplot function that will produce the plot of the periodogram.
perioplot<-function(x){
adjx=x-mean(x);

tf=fft(adjx);

nf=length(tf); n2=nf/2+1;
pritf<-tf[c(1:n2)];
intensity<-(abs(pritf*2))/nf;
nyquist=1/2; pfreq<-seq(0,nf/2,by=1);
freq<-pfreq/(length(pfreq)-1)*nyquist;
intmax<-max(intensity)
posmax<-max.col(t(intensity))
fregmax<-(freq[posmax])
maxper<-1/freqmax
plot(freq,intensity,type="1")
text(0.2,intmax, label= maxper)}

perioplot(fly1m)

5. Now let’s see how important the circadian rhythm is for this fly.
cpgram(flylm)

6. This is the perionum function that will calculate the periodogram (numerical version).

## this function calculates the periodogram and gives numerical output
## output is: frequency, intensity, period and % cumulative intensity
perionum<-function(x){

adjx=x-mean(x); # substracts the mean of the series
tf=fft(adjx); # calculates finite Fourier transform
nf=length(tf); n2=nf/2+1; # decides the number of frequencies
pritf<-tf[c(1:n2)]; # takes the elements of the Fourier transform

intensity<-(abs(pritf*2))/nf;  # calculates the ordinates of periodogram
nyquist=1/2; pfreq<-seq(0,nf/2,by=1); # preparation for frequencies
freq<-pfreq/(length(pfreq)-1)*nyquist; # calculates frequencies
periods<-1/freq; # calculates periods
cumint<-cumsum(intensity)*100/(max(cumsum(intensity))); # accumulates
## now the output is organized in columns
perfrint<-array(c(freq,intensity,periods,cumint),dim=c(length(freq), 4));
colnames(perfrint)<-c(‘'frequency’, 'intensity', 'period', 'cumulative%");
perfrint[0:25,]}

perionum(flylm)
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