HELP to Use the macro FAMT

1 Download
Download the FAMT macro (Excel file) and open it.
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Figure 1: Illustration of the FAMT macro

The macro contains 4 sheets:

e The "Macro” sheet displays the results of the different steps of the Factor Analysis for
multiple testing package.

e The "Expression” sheet contains the gene expressions data frame: genes are in rows with-
out row names and arrays in columns (the column names are the identifier of arrays) (see
Figure 77).

e The "Covariates” sheet gives information about the experimental conditions: the identifier
of each row (arrays), as used in the column names of Expression, is provided, with the
value of the main explanatory variable in the testing issue and possibly other covariates (see
Figure 77).

e The "Annotations” sheet provides additional information about the response variables of the
multiple testing procedure to be used to describe the results. One column must be named
ID and gives the variable (gene) identifier (see Figure 77).



The data must be stored in each sheet as above-mentioned. Note that Covariates and Annotations
datasets are optional. The number of columns of expression must correspond to the number of
rows of covariates and furthermore expression and annotations must have the same number of
rows. If covariates dataset is not provided the procedure aims at testing the significance of the
mean expression. If annotations dataset is not provided, a basic annotations dataset is created

with row indices as variables identifiers.

Import your data (copy and paste the data in each sheet or use the excel menu via import extern
data). Be careful to the decimal mark (comma or point). The following figures present the different
sheets with the data provided in the package. This dataset concerns hepatic transcriptome profiles
for 9893 genes of 43 half sib male chickens selected for their variability on abdominal fatness.
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Figure 2: An example of the Expression sheet

Another sheet, called ”graph”, is automatically created to store all the graphs provided by the

functions of the package.

The buttons in the "Macro” sheet allow to run the package by step. The CLEAR button clears

the "Macro” sheet and the "graph” sheet.
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Figure 3: An example of the Covariates sheet

rosafi Excel - dataFAMTm:

=0 -|6 § | E

B | ¢ [ D[ E F [ &
i Block  Column Row Length Name
2 RIGGIATA 1 70 ¢(GAPDH critl", VENSGALTOO000014280. 1v)°

1 1
3 |RIGG04gET 1 8 1 70 Genome Hit Contig! 750
4 RIGGOS115 1 10 1 70 Genome Hit Contig228.14
5 RIGGI3712 1 1 1 71 ENSGALTOD000011478.1
6 _|RIGGOE377 1 12 1 B5 ENSGALGI0000005479. 1
7 |RIGGO1603 1 13 1 70 Similar to Q08525 (O08525) Reverse transcriptase
8 |RIGG18570 1 17 1 70 ENSGALTO0000024992.1
9 |RIGG04993 1 20 1 70 Genome Hit Contig121.85
10 |RIGGD1251 1 1 2 70 Similar to CYPB_MOUSE (P24369) Peptidyl-prolyl cis-trans isomerase B p
11| RIGG05058 1 2 2 71 Genome Hil Conlig25767.1
12 |RIGG02050 1 5 2 70 Similarto G3NPIG (QINPIG) Transcription factor (Hypothetical protein
13 |RIGG196%8 1 ] 2 70 ENSGALTOD0D0028051 1
14 |RIGGITT77 i i5 2 70 ENSGALTOO0O0022852 1
15 |RIGG15210 1 16 2 70 ENSGALTOO0O0O1S680.1
16| RIGG 15538 1 18 2 70 ENSGALTOD000016530.1
17 RIGGO3185 1 19/ 2 70 Weakly similar to DﬁMTBa {QBMTES) GH24154p
18 [RIGG18923 1 20 2 70 ENSGALTO00000:
19 |RIGG01579 1 21 2 70 Weakly similar to K\CD MOUSE (C61414) Keratin, type | cytoskeletal 15 (Cytoke
20 |RIGG15162 1 1 3 70 ENSGALTOO000015537 1
21 |RIGG00922 1 2 3 70 Similar to QINW21 (QINW21) Hypomihca\ protein FLIIO364
22 |RIGG2433 1 4 3 5 similar to sprouty-4 (LOCA27643), mRl
23 RIGG18218 1 5 3 70 ENSGALTO0000024036.1
24 |RIGG03107 1 ] 3 70 Similar to BASO_HUMAN (Q0195¢) Zinc finger protein basonuclin
25 |RIGGOSTES 1 12 3 65 Weakly similar 10 QBCEZS (G8CEIE) Hypathetical protein
| 1 13 3 P2y 3 (F2Y3) receptor). [Source: SWISSPROT
27 |RIGG 12960 1 17 3 70 Filamin (Fragment). [Source: SPTREMBL
RIGG20027 1 21 3 70 c(B-Actin crtrlv, \"Gallus gallus beta-actin mRNA, complete cds\)*
RIGG17066 1 1 4 70 ENSGALTO0000020887 .1
RIGG11003 1 5 4 70 ENSGALTO0000003569.1
RIGGO5763 1 n 4 70 Genome Hit Contigd. 544
RIGG! 1602 1 13 4 74 DNA topaisomerase | [Gallus gallus] [Source:RefSeq
RIGG12154 1 13 4 70 ENSGALTO000D00SS 1
34 RIGGOI194 1 il 4 71 ENSGALGO0000013123.1
35| RIGG0B544 1 1 5 70 Genome Hil ContigB5.33
36 |RIGG17818 1 3 5 65 Adenosine receptor 28 (Fragment). [Seurce: SPTREMEL
37 |RIGG 16697 1 7 5 70 Brain-derived neurotrophic factor pracursor (BONF). [Source: SWISSPROT
38 RIGG12550 1 1 5 70 ENSGALTO0000008009.1
39| RIGG06520 1 2 5 65 Same gene AY164697
40 | RIGGO2385 1 13 5 70 Genome Hit Contigd 90
RIGG20456 1 16 5 5 similar to interleukin enhancer binding factor 3 (LOCA30965), partial mRNA
42 |RIGGO1627 1 18 5 70 Genome Hit Contig] 315
43 |RIGG19275 1 Fil 5 70 ENSGALTO0000026918.1
44 |RIGG08747 1 1 6 72 ENSGALGODODDO0SE02 1-2
45 |RIGG09123 1 10 6 70 ENSGALGODD00012565.1
46 | RIGG00475 1 12 6 70 Genome Hil Contig935
47 RIGGO0146 I |3 6 70 Gallus gallus pantial mRNA for hypothetical protein, clone 863
48 |RIGG0E777 6 70 ENSGALGODOO00DSES1
W u\mo[&presmnjcmmas ) Annatations / I

Degsin > |3 | Fognes automatiques = N\ % (1O 2l Al & (@ | &

Figure 4: An example of the Annotations sheet

2 The DATA button

The DATA button enables you to define the datasets, to create the FAMT data and to sum-
marize the FAMT data. You have to select the available datasets (expression, covariates and/or
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Figure 5: The DATA button

annotations), then some other dialog box allow to precise the class of variables.

2.1 Statistics of the FAMT data

When you have defined the data frame, you can ask for summary of the FAMT data by clicking

on Statistics of data.
The results are displayed in the "macro" sheet. The function provides:

e For Expression: the number of tests which corresponds to the number of rows, the sample
size which is the number of columns.

e For Covariates and Annotations: classical summaries.
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Figure 6: Display of the results of statistics of the FAMT data

3 The FAMT MODEL button

The FAMT model button enables to implement the FAMT complete multiple testing procedure.
When you click on the FAMT model, a form with 4 text box is opened (see Figure ?7):

e The first box determines the experimental condition and the optional covariates.
e The second box corresponds to the experimental condition on which the test is done.

e The third and fourth box are optional and they refer to the number of factors. You can
select a number of factors to fit the FA model (in the third box) or this number is estimated.
The last box allows to change the default value of the maximum number of factors tested
to estimate the optimal number of factors.

If you don’t fill the box, the default values are kept for the fitting of the FA model:
e The experimental condition is the column 1 in the "Covariates” sheet (x=1)
e The test is done on the 1st column of the previous vector (x[1]). If x=1, test = 1 too.
e The function estimates the optimal number of factors
e The maximum number of factors tested to estimate the optimal number of factors is 8.

In our illustrative example (data provided with the FAMT package), we test the significance of the
relationship between each gene expression and the abdominal fatness (6th column of covariates),
taking into account the effect of the dam (4th column of covariates). So, in the first box, we write
4 and 6, column numbers corresponding to the experimental condition and covariates (column
numbers are separated by semicolon), and in the second box, we type 6, column number of the
explanatory variable of interest (see Figure 77).
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Figure 7: Dialog box of the FAMT model button

The optimal number of factors used to fit the model is given in the "Macro” sheet. The "graph”
sheet, automatically added in the excel file, contains three graphs (see Figure ?7):

e The values of the variance inflation criteria for each number of factors are plotted
e The histograms of p-values and adjusted p-values.

If you want to use the FAMT method as a classical multiple testing procedure without any model-
ing for the dependence structure across the variables, choose 0 for the number of factors to adjust
the FA model.

This step builds the "FAMT model”, and enables you to analyse results (with the Results button).
You can fit different models but the last one is used for the analysis of the results.
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Figure 8: Example of a FAMT model
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Figure 9: Display of the results of a FAMT model

4 The RESULTS button

The RESULTS button proposes three functions to analyse and display the results (see Figure 77).
The first function provides information about the rejected genes, the second one gives an estima-



tion of the proportion of true null hypotheses, and the last one helps the user to describe and
interpret the factors.
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Figure 10: Dialog box of the RESULTS button

4.1 Statistics of the FAMT model

The selection of ”Statistics of the FAMT model” gives the number of rejected genes according
to raw analysis and FAMT analysis, the annotations characteristics of significant genes, and the
estimated proportion of true null hypotheses.

The number of positive tests is provided for each level of False Discovery Rate (FDR) control
chosen by the user (the default value is 0.15). If you want to change the level of FDR control, you
have to define the range of the FDR control. In our illustrative example, we select a range from
0 to 0.3 with increment of 0.05 (see Figure 77).

The significant genes are listed with the genes identification and array names in the original data
frames. You can change the identifiers (add some characteristics for example) by clicking in the
check box "identification of the significant genes” (see Figure 77).

A new dialog box is displayed and you can select the identifiers among the annotations variables.
Results are shown in the "Macro” sheet (see Figure ?7). The list of positive genes is given for the
highest level of FDR.

If you don’t fill the box of the "Statistics of the model”, the default values are selected : the FDR
control is 0.15 by default, the significant genes are characterised by the genes identification and
their name in the Annotations file.



icrosoft Excel - dataFAMTmacroF AMT.xis

Eichier Edvlon  affichage [nsertion Formap Owtls  Donndes Fepftre RExcel 2

== REw=Y dAl7ﬂ\¥u-n F19- 0 BB -] 2] e[ - @ e £ zlo..
812~
A | B | c | D [ E | F | G I H
F A MT Factor Analysis
for Multiple Testing
DATA | FAMT model' RESULTS | CLEAR |
Results of the FA model 3]

—1 Res

@ Statistics of the model

Precise the range of the false discovery rate control optional);

Startingvae: [ g End value 03
increment: 08

[ - =

genes:
larray nemes by defauk. You can choose anather varisbles by
jchecking the box.

~

Estimation of the proportion of
true null hypothesis

© FAMT factors description

Select the axes flength 2 vectors) specifying
the factors to piot
rumbers of covariates separated by )

Select the external annotations (column

rumbers of annotations separated by ")

[ o

Select the external covariates (coumn —

Figure 11: Statistics of the model and choice of FDR control

pRNEA" A.J JA\?’.’QI& BRI R T N e Y e s c)e L 5| EE
c14
\ I I 1 I E 6|t
Bk Cuhmﬂ o men e
1 1 H entil, VENSGALTOD0O0014280, V)"
1 8 1 70Gmomeli Contig!.750
1 10 1 70 Genome Hit Contig228 14
1 Ho 1 T{ENSSAmONOIATE ]
1 2 1 GOOO00006:
1 13 1 70 Similarto 008525 mesm Reverse transciiptase
1 17 1 70 ENSGALTOODODO24392. 1
1 20 1 70 Genome Hit Comigi2185
1 1 2 70 Smisrio CYPO MOUSE (P289) Peptdyhpmiy istrans somersse 5 p
1 2 2 71 Genome Hit Conti
1 5 2 70 Simiarto GONPE (csnma] Transcription factor (Hypothetical protein
1 1“2 TOO000028051
1 5 2
1 6 2
1 8 2
1 89 2
1 o 2
1 21 2
1 1 3 St 15534
1 2 3 70 Similerto GONW21 (O
1 4 3 B5simiarto sprouty-4 (L
1 5 3 70 ENSGALTO000002403
1 10 3 70 Similar to BASO_HUMJ I
1 12 3 E5 Waskly similar to 08CY ‘:"“r' ";“ o ::'“ forthe  Vgiock
1 13 3 70P2Ypurnoceplor3(Pg  MTenieanion el the Fromid
1 17 3 70 Filamin (Fragment). [Sd significant genes r
1 20 3 70 c(B-Acin coulV, VGal i —
1 1 4 70 ENSGALTODDONI206S]
1 5 4 70 ENSGALTOO0O0000356] ‘ »
1 11 4 70 Genome Hit Contigd 54 o
1 13 4 74 DNAtopoisomerase ||
AT - - |
1 21 4 71 ENSGALGOOODODI312]
1 1 5 70 Genome Hit Cortighb 4
1 3 5 65 Adenosine receptor 2B TFTIIEM
1 7 5 70 Braindenwed neurtiophic aclor precursor (BONF). [Source: SWISSPROT
3 1 1 5 70 ENSGALTOODODODE0OD. 1
39 |riGGEs0 1 12 5 B5 Same gene AY164657
A0Riceaz3es 1 13 5 70 Genome Hit Contigd. 90
1 |RIGG2045E 1 16 5 5 similarto interleukin enhancer bi 3 (L0C430%5)
2[Rice01627 1 8§ 70 Gonome it Comgt
A3 |RIGG19275 1 21 5 70 ENSGALT
ARIGGOB74T 1 1§ 72 cuscALcomoonenn 2
5 |RIGG9123 1 10 6 70 ENSGALGOOOODD12585.1
BB RIGGO047S 1 12 B 70 Genome Hit Contigdd5
W |RIGG00146 1 13 B 70 Galus gallus partial mANA for hypathetical protein, clone b3
B |RIGG8777 1 15 6 70 ENSGALGOOOO0OSGS! 1
19 RIGGos121 1 16 6 70 Similar to GIOWD (COGWIS) Sodium-myoinositol cotransporter (Fragment)
B [RIGG1S515 1 17 B 71 ENSGALTOOD00D16460.1
51 RicG17072 1 5 7 SGALTO0000020910. 1
52 |RIGG15145 1 12 7 70 ENSGALTDO000015500. 1
E3[RIGG11784 1 16 7 B5ENSGAL
B RIG615130 1 18 7 70 ENSGALTOOODO15485.1
5 |RIGG0s23 1 20 7 70 Genome Hit Contigegd.22

<> uN\Maro {grach { Expresson { Covariates )\ Annotations/ <

Figure 12: Choice of the identifiers of the significance genes

4.2 Estimation of the proportion of true null hypotheses

The function estimates the proportion of true null hypotheses (pi0). The histogram of the p-values
with the estimate of pi0 null line is plotted in the “graph” sheet. An additional graph is displayed
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Figure 13: Display of the results of the Statistics of the model

showing the spline curve used to estimate pi0 (see Figure 77).
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Figure 14: Display of the results of the pi0

The algorithm used to estimate the proportion of true null p-values is the “smoother” method
(this method uses the smoothing spline approach proposed by Storey and Tibshirani (2003)).
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4.3 FAMT factors description

This function provides diagnostic plots to interpret and describe the factors using external infor-
mation either on genes or arrays. To use this option, the FAMT data must contain "Annotations”
dataset. You have to fill three items:

e the axes: a length 2 vector specifying the factors to plot
e the covariates
e the factors of annotations.

The default value of the axes is the factors 1 and 2.

The function takes all covariates except those used in the model and the array name.

The function takes all variables of annotations of factor type.

In our illustrative example (see Figure 7?), the axes are the two first factors, the external covariates
are the column 3 (Pds9s: the body weight) and the column 5 (Lot: the hatch), the external
annotations are the columns 2 (Block) 3 (Column) 4 (Row) which correspond to the location on
the microarray and the column 5(Length: oligonucleotide size).
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Figure 15: FAMT factors description

Graphical devices are plotted in the "graph” sheet if the FAMT model has more than one factor
(see Figure 77).

The tables of p-values are displayed in the "Macro” sheet: p-values of the test whereas the score
of each factor are affected by the selected covariates, and p-values of the test whereas the score of
each factor are affected by the selected annotations.
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Figure 16: Display of the results of the FAMT factors description
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