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INTRODUCTION TO THE R
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R, un outil utile en biologie ?

. R:to do what?

Process data, statistical analysis, graphics

Really efficient to process in batch some important/big data
(e.q.: data formatting, analysis and graphs in one script)

. Generate data (modelisation, simulation... par ex : simulate
expected results under some alternative hypothesis)

. Always cutting-edge in the statistical methods (always new
packages)

. not for?
. What you already manage easily with other tools (e.g. Excel)

. Algebra (e.g.: Mathematica)
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= “bypivi  Introduction
IV

R is an open source programming language and software
environment for statistical computing and graphics that is supported
by the R Foundation for Statistical Computing. The R language is
widely used among statisticians and data miners for developing
statistical software and data analysis.

https://en.wikipedia.org/wiki/R_(programming_language)
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https://en.wikipedia.org/wiki/Open_source
https://en.wikipedia.org/wiki/Programming_language
https://en.wikipedia.org/wiki/Statistical_computing
https://en.wikipedia.org/wiki/Statistician
https://en.wikipedia.org/wiki/Data_mining
https://en.wikipedia.org/wiki/Statistical_software
https://en.wikipedia.org/wiki/Data_analysis
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pyoivi Introduction : Components

VLS

. Library

Several libraries of functions are provided by default with R: base,
graphics, stats, etc. . .

Other specific libraries must be installed from the CRAN or from
Bioconductor (genomic, microarray).

- CRAN : installpackagestclas — support.abims@sb-roscoff.fr
- Bioconductor : bieckiteCafhy — support.abims@sb-roscoff.fr

- Those libraries must be loaded in each R session

> library ("limma")
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IDE Windows

Introduction :

Rrow

| Eichier Edition Voir Misc Packages Fenétres Aide

EEEBRER

R wversion 2.14.1 (2011-12-22)

Copyright (C) 2011 The R Foundation for Statistical Computing
ISBN 3-900051-07-0

Platform: i386-pc-mingw32/i386 (32-bit)

R est un logiciel libre livré sans AUCUNE GARANTIE.
Vous pouvez le redistribuer sous certaines conditions.
Tapez 'license()' ou 'licence()' pour plus de détails.

R est un projet collaboratif avec de nombreux contributeurs.
Tapez 'contributors()' pour plus d'information et
'citation()' pour la fagon de le citer dans les publications.

Tapez 'demo()' pour des démonstrations, 'help()' pour l'aide
en ligne ou 'help.start()' pour obtenir l'aide au format HTML.
Tapez "g()' pour quitter R.

| >
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Rstudio

Local

or Remote

Introduction :

Online IDE

File Edit View Project Workspace Plots Tools Help
@7 diamondPricing.R* * = ] formatPlot.R » | diamonds » - ] Workspace  History - ]
[ [sourceonsave | Q@ /°~ ~®Run %% | #Source ~ <#load> [ Savev | #*Import Datasetv 3 Clear All ©
1 Tibrary(ggplot2) +  Data
2 . ) diamonds 53940 obs. of 10 variables HE
3 V1ew(d1am9nds) v
4 summary(diamonds)
5 avesize 0.7979
6 summary(diamondsiprice) clarity character [8]
7 aveS'!ze < round(me.‘an(d'lamondsssar\at). 4) o ggplot[8]
8 clarity <- levels(diamondsiclarity) .
9 Functions
10 p <- gplot(carat, price, format.plot(plot, size)
11 data=diamonds, color=clarity,
12 xlab="carat”, ylab="pPrice",
ile ] main="Diamond Pricing”)
14
Files Plots Packages Help |
I & 2 Zoom - Eexport~ Q] 3 Cear Al @
14:1 Top Level) = R Script =
Console -/ =0 Diamond Pricing
X y z E |
Min. 0.000 Min. : 0.000 min. : 0.000
1st Qu.: 4.710 1st Qu.: 4.720 1st Qu.: 2.910 Clarity
Median : 5.700 Median : 5.710 Median : 3.530 . °
Mean 5.731 Mean 1 5.735 Mean : 3.539 con
3rd Qu.: 6.540 3rd Qu.: 6.540 3rd Qu.: 4.040 .+ =2
Max. :10.740 Max. :58.900 Max. :31.800
> summary(diamonds$price) . *osn
Min. 1st Qu. Median Mean 3rd Qu. Max. Price . vs2
326 950 2401 3933 5324 18820
> avesize <- round(mean(diamonds$carat), 4) Ve
> clarity <- Tlevels(diamonds$clarity) +  wvvs2
> p <- gplot(carat, price, B e
+ data=diamonds, color=clarity,
+ xlab="carat", ylab="Price"”, * F
+ main="Diamond Pricing")
> i
> format.plot(plot=p, size=23) =
= | =
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FIRST OPERATIONS
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First operations:  Hello World!

> "Hello World!"™
[1] "Hello World!"™
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pyoiv| First operations:  objects / variables

> A <- "Hello World!"™
> a
[1] 5

"Hello World!"™
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First operations:  Functions

. The functions

. Always: name of the function ()

. The arguments
Sometime: fct (argl,arg2,arg3)
Sometime: fct (arg namel=argl,arg nameZ=arg2)

Sometime: fct (argl,arg nameZ2=arg2)

Welcome to the free world
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First operations:

Functions - Help

. help(mean)

. ?mean

Google

. R mean
. GNU R mean

(649,000,000 results)
(554,000 results)

R-Mean MySpace
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mean {base}

Arithmetic Mean
Description
Generic function for the (trimmed) arithmetic mean.
Usage

mean(x, ...)

#%# Default 53 method:
mean(x, trim = 0, na.rm = FALSE, ...)

Arguments

x An R object. Currently there are methods for numeric/logical vectors and date, date-time and time interval objects, and for data frames all of whose columns have a meth
allowed for trim = 0, only.
trim the fraction (0 to 0.5) of observations to be trimmed from each end of x before the mean is computed. Values of trim outside that range are taken as the nearest endpoint
na.rm a logical value indicating whether N2 values should be stripped before the computation proceeds.
further arguments passed to or from other methods.

Value

If trimis zero (the default), the arithmetic mean of the values in x is computed. as a numernic or complex vector of length one. If x is not logical (coerced to numeric), numeric (in
NA real isreturned. with a warning

If trim is non-zero, a symmetrically timmed mean is computed with a fraction of trim observations deleted from each end before the mean is computed.
References

Becker, R. A, Chambers, J. M. and Wilks. A R_ (1988) The New S Language. Wadsworth & Brooks/Cole.

See Also

weighted.mean, mean.POSIXct, colMeans for row and column means.

Examples

X <- c(0:10, 50)
Xm <- mean(x)
c(xm, mean(x, trim = 0.10))




First operations:

. Some good tutorials

http://cran.r-project.org/doc/contrib/Paradis-rdebuts_fr.pdf
http://w3.jouy.inra.fr/unites/miaj/public/formation/initiationRv4.pdf

http://cran.r-project.org/other-docs.html

. R Reference Card

http://cran.r-project.org/doc/contrib/Short-refcard.pdf

http://cran.r-project.org/doc/contrib/YanchangZhao-refcard-data-
mining.pdf
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First operations:

. To sum up: where to find Help?

If you already know the function’s name: help (function) or
use the help panel in R-studio

. Otherwise, for the basics: look at the tutorials and the function
reference card/cheat list

. To go further: books (e.g.: R book)

If your specific case is not exactly described: ask Google and
look at some forums.
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IMPORTING TABULAR DATA
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Import: The File System

. The File System

. The working directory is by default the one where you have
launched R

. It can be changed in 2 ways:

- Graphical Interface using the menus (RGui ou Rstudio)
- The function (more efficient)

setwd ("/projet/login/tmp/data/R")

Warning to the path syntax "mydirectory/myfile"
fi} In Windows: \—\or/
= In Linux and MacOSX: /
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tabular file

Import:

. What is a tabular file?

. Authorized: .csv, .tab, .txt, .blast, ... - format AscI1 text

. Not: xlIs, .xIsx, .ods

S file data.tab
data.tab: ASCII text

paternity.csv paternity.tab paternity.txt
ID;Mother;Father ID Mother Father "TID" "Mother" "Fa
1;S1A2;S1A3 1 S1AZ2 S1A3 1 "S1IA2"™ "S1A3"
2;S1A2;S1A3 2 S1AZ2 S1A3 2 "S1IA2"™ "S1A3"
3;S1A2;S1A3 3 S1AZ2 S1A3 3 "S1IA2"™ "S1A3"
4;,S1A2;S1A3 4 S1AZ2 S1A3 4 "S1IA2"™ "S1A3"
5;S1A2;S1A3 5 S1AZ2 S1A3 5 "S1IA2"™ "S1A3"
6;S1A2;S1A3 0 S1AZ2 S1A3 6 "S1IA2"™ "S1A3"
7;S1A2;S1A3 7 S1AZ2 S1A3 7 "S1IA2"™ "S1A3"
8;S1A2;S1A3 8 S1AZ2 S1A3 8 "S1IA2"™ "S1A3"
9,S1A2;S1A3 9 S1AZ2 S1A3 9 "S1IA2"™ "S1A3"
10;S1A2;S1A3 10 S1AZ2 S1A3 10 "S1IA2"™ "S1A3"
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: tabular file

. Export from Microsoft®®®™ Office®®®™ Excel®®®™

5 AV p——— s
he résidentiel Nom de fichier: paternity.dsx .

Type: | Classeur Excel (*xls: N
ateur Classeur Excel (*.xlsx) |

Auteurs:

' Classeur Excel (prenant en charge les macros) (*.xlsm)
ue local (C) Classeur Excel binaire (*.xlsb)
jue local (D:) Classeur Excel 97 - 2003 (*xls)
k (\\brazil) (W: Données XML (*xml)
. Page Web a fichier unique (*.mht;*.mhtml)
age-sig (\\bry Page Web (*.htm:*htm)
rguille (\\brazi # Cacher les dossier Modeéle Excel (*.xltx)
g Muodéle Excel (prenant en charge les macros) (*.xltm) |
st (\n0) (Z) Modéle Excel 97 - 2003 (*.xlt)
21 20 Texte (séparateur : tabulation) (*.txt) J
u 22 21 Texte Unicode (*.txd)
Feuille de calcul XML 2003 (*.xml)
23 22 Classeur Microsoft Excel 5.0/95 (*.xls)
-R-Initiation 24 23 CSV (séparateur: point-virgule) (*.csv) J
25 24 Texte (séparateur: espace) (Lprn) x > read fo()
Texte (Macintosh) (*.txt)
paternity. | 26 25 Texte (DOS) (*.bxt)
Feuille de o | 27 26 CSV(Macintosh] (*.cgv) J
W 4 ¥ M| 1 1.1 3CSV(DOS) (*.csv) []4
Prét | DIF (*.dif)
Jing alfogethe. SYLK (*.slk) —
Macro complémentaire Excel (*.xlam)
its. Macro complémentaire Excel 97 - 2003 (*xla)
giving the actual row names. or a sir PDF (*.pdf) ng the
Document XPS (*.xps)
b one fewer field than the number ochemIIe d:e caIcI OpenDouent( ods) o
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: tabular file

. Data checking when it #%3$&!!

. Using nodepad++

- Symbole spéciaux — afficher tous les caracteres

- Special symbols — show all characters

ID Mother Father ID Mother Fatheriifd
1 S1A2 S1A3 1 S1A2 S1A3IR3
2 S1A2 S1A3 2 S1A2 S1A3INg
3 S1A2 S1A3 3 S1A2 S1A3IKg
4 S1A2 S1A3 4 S1A2 S1A3Ng
5 S1A2 S1A3 5 S1A2 s1A3iNa
6 S1A2 S1A3 6 S1A2 S1A3
7 S1A2 S1A3 7 S1A2 S1A3IR3
8 S1A2 S1A3 8 S1A2 S1A3IRg
9 S1A2 S1A3 9 S1A2 S1A3IR3
10 S1A2 S1A3 10 S1A2 S1A3IRg
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Exercise

IMPORT TABULAR DATA
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7 de Roscoff |mp0rt: Example Of data

. Studying reproductive success in slipper limpets

% & 0 free-floating larvae
o @ @C‘D CS;D 0

benthic adults
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Import: Example of data

. Reproductive success in slipper limpets

. adults from the wild kept in the lab
. sampling of larvae released by each stack

. sizing and genotyping of larvae and adults

A~ W N -

. genetic parentage assignment

mmmp A study of:
- breeding system

- fitness variance
- genetic drift
- growth / reproduction tradeoff

26/
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: Example of data

. The dataset: Excel file “paternity.xIsx”

|dentifiers of the parent: Stack x Adult y

|dentifiers of larvae /

Mother Father |

S1A2  S1A3
S1A2  S1A3
S1IA2  S1A3
S1A2  S1A3
S1A2  S1A3
S1IA2  S1A3

Stack 1 (S1)

Note: sometimes unknown father: X1, X2
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Import: Example of data

. The dataset: Excel file “offspring.xlsx”

. Many columns (more or less useful) accumulated during the experiment

stack clutch label clutch day ID label_seq label plate  label manue plate size exp
1 1 11 0 1 AEB P1-1 ind02 indiv01l P 404 Audrey
1 1 11 0 2 AEB P1-1 ind03 indiv02 P 444 Audrey
1 1 11 0 3 AEB P1-1 ind04 indiv03 P 424 Audrey
1 1 11 0 4 AEB P1-1 ind05 indiv04 P 404 Audrey
1 1 11 0 5 AEB P1-1 ind06 indiv05 P 404 Audrey
1 1 11 0 6 AEB P1-1 ind07 indiv06 P 444 Audrey
1 1 11 0 7 AEB_P1-1 ind08 indiv07 P 384 Audrey
1 1 11 0 8 AEB P1-1 ind09 indiv08 P 424 Audrey
1 1 11 0 9 AEB P1-1 ind10 indiv09 P 424 Audrey
1 1 11 0 10 AEB P1-1 ind11 indivl0 P 384 Audrey
1 1 11 0 11 AEB P1-1 ind12 indivll P 444 Audrey

\-> Identifiers of larvae
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D il . o
pypiv] EXxercise .T
e &

. Step 1: format the data in Excel (or open-office equivalent)

. Be careful with hidden white space characters, accents, special
symbols, decimal separator, etc.

. Save the different sheets of the files “paternity.xIsx” and
“offspring.xlsx” in tabular format (for instance tab separated .txt)

offspring. txt
offspring.xlsx ) | stackl. txt
paternity.xIsx X stack2. txt

stack25. txt
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RStudio

Exercise

File

Edit View Project Workspace Plots Tools Help

@7 diamondPricing.R* % @] formatPlot.R » | diamonds *

14:1 Top Level) =

Console -/
X 3% z
Min. 0.000 Min. : 0.000 Min.
1st Qu.: 4.710 1st Qu.: 4.720 1st Qu.:
Median : 5.700 Median : 5.710 Median :
Mean 5.731 Mean 1 5.735 Mean
3rd Qu.: 6.540 3rd Qu.: 6.540 3rd Qu.:
Max. :10.740 Max. :58.900 Max.
> summary(diamonds$price)
Min. 1st Qu. Median Mean 3rd Qu.
326 950 2401 3933 5324 1
> avesize <- round(mean(diamonds$carat), 4)
> clarity <- Tlevels(diamonds$clarity)
> p <- gplot(carat, price,
+ data=diamonds, color=clarity,
+ xlab="carat", ylab="Price"”,
+ main="Diamond Pricing")
>
> rormat.p1ot(p1ot=p, size=23)
>

B wWww N o

:3

=[] source on Save Q '~ ~=Run *% < Source ~

1 Tibrary(ggplot2) -
2
3 view(diamonds)
4 summary(diamonds)
5
6 summary(diamondsiprice)
7 avesSize <- round(mean(diamondsicarat), 4)
8 clarity <- levels(diamondsiclarity)
9

10 p <- gplot(carat, price,

11 data=diamonds, color=clarity,

12 xlab="carat”, ylab="pPrice",

ile ] main="Diamond Pricing”)

14

. 000
.910
.530
.539
.040
. 800

Max.
8820

(i)

Workspace  History

“#load~ [ Savev | A*Import Dataset~ 3 Clear All
Data

diamonds 53940 obs. of 10 variables
Values

avesize 0.7979

clarity character [8]

P ggplot[8]

Functions

format.plot(plot, size)

Files Plots Packages Help

] 2 Zoom Eexport~ @] CearAl
Diamond Pricing

Price

= ]
w;—‘l
ii|
=
@
Clarity
*n
* 812
* s
* vs2
¢ vsi
*  vvs2
* WSt
*IF
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Exercise

RStudio
File Edit View Project Workspace Plots Tools Help

RStudio

@7 diamondPricing.R* @ formatPlot.R | diamonds —_ Workspace  History = ]
=4 [7]Source on Save Q /- ~#Run ®% = Source ~ +load~ [ Save~ | f*Import Dataset~ ¥ Clear All
' Data
# A Scrlpt to diamonds 53940 obs. of 10 variables
Values
. avesize 0.7979
# worklng... clarity character [8]
1] .
setwd (" /projet/ P ggplot[8)
Functions

format.plot(plot, size)

Files Plots Packages Help —a
o BT — = 2 Zoom EExport~ Q) 3 CearAl )
> 2read.table Diamond Pricing

> paternity = read.table("paterni Clarity

> paternity = read.table("paterni "

> paternity = read.table("paterni 2

> head (paternity) -
ID Mother Father Price e

1 SlA2  S1A3 -

2 S1A2  S1A3 e

3 S1A2 S1A3 -

4 S1A2 S1A3

5 S1A2 S1A3

6 > View(paternity) # comma
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Exercise

e Step2: Upload via RStudio

Files Plots Packages Help Viewer P |

© | New Folder & |Upload @ Delete = | Rename {a' More ~
: Q Home
A Name Size Modified

Bureau

Documents

Images
Modéles

Musique
Public
R

Téléchargements
Vidéos
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Exercise

e Step2: Upload via RStudio

Files Plots Packages Help Viewer P |

© | New Folder & | Upload © Delete «|Rename # More ~
] A Home ‘
A Name Size Modified

| Bureau| Go To Folder
1 Docum

| Images
& Modéle /projet/fr2424/stage/stageX|

Path to folder (use ~ for home directory):

[ Musiqu
(2] Public
=

[ Téléchargements
1 Vidéos

OK Cancel
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Exercise

e Step2: Upload via RStudio

it Rlats Packages Help Viewer P |
) | Upload @ Delete =] Rename # More ~ :
~ s fr2424 - stage = stagel0
A Name Size Modified

t.

New Folder

Please enter the new folder name

nrojet.crepidulal

Cancel
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Exercise

e Step2: Upload via RStudio

Files Plots Packages Help Viewer
© | New Folder © | Upload © Delete | Rename {3k More -

] / - projet - fr2424 - stage - stagel0 - projet_crepidula
A Name Size Modified

t.

Upload Files
Target directory:
| /projet/fr2424/stage/stagel0/projet_crepidula
File to upload:
Choisir un fichier = Aucun fichier choisi
TIP: To upload multiple files or a directory, create a zip file.
The zip file will be automatically expanded after upload.

OK Cancel
T
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Exercise

e Step2: Upload via RStudio

Files Plots Packages Help Viewer
© | New Folder © | Upload © Delete | Rename {3k More -
] / - projet - fr2424 - stage - stagel0 - projet_crepidula
A Name Size Modified
t.
Upload Files
Target directory:
I/m < EEEDII I, | [ dataset = ] a |l Q
e Favoris Nom ~  Date de modification
Choll =3 Desktop B offspring.txt 5 juin 2016 3 21:28
stackt.txt 5 juin 2016 & 21:28
. Dropbox 5
Ph:} BS orop stack2.txt 5 juin 2016 & 21:28
22} lecorguille stack25.txt 5 juin 2016 & 21:28

@ Documents

gy Images
H vidéos

n Musique
0 Downloads
#3;: Applications
= home

™ nraiet

Options

Annuler Ouvrir
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Files Plots Packages Help Viewer P |
© | New Folder & | Upload @ Delete | Rename &
/o opr f age
A Name Size Modified
t.

J | offspring.txt 56.8 KB Jun 8, 2018, 4:53 PM
stackl.txt 3.9KB Jun 8, 2018, 4:54 PM
stack2.txt 5.6 KB Jun 8, 2018, 4:54 PM
stack25.1xt 5.6 KB Jun 8, 2018, 4:54 PM

The other solution is to use a FTP Client
(CyberDuck, WinSCP or FileZilla)
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VLS

. Step 3 : start a script in R-studio

# A script to analyse Crepidula paternity data
# R initiation - April 2017

# working directory
setwd ("/projet/fr2424/stage/stagexXX/projet crepidula/")

. Ctrl + Enter to send the command lines to R (current line or selected ones)

2. Save your script (e.g. “myscript.r’) to re-use it afterwards
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read.table ()

. Step 4 : import the tabular datasets

. The function: read.table ()

> ?read.table

> paternity = read.table("paternity.csv", header=TRUE, sep=";", quote="", dec=".")
> paternity = read.table ("paternity.tab", header=TRUE, sep="\t", quote="", dec=",")

> head(paternity)
ID Mother Father
1 S1A2 S1A3
2 S1A2 S1A3
3 S1A2 S1A3
4 S1A2 S1A3
5 S1A2 S1A3
6 S1A2 S1A3

> View(paternity) # Rstudio command to display the dataset

paternity.csv paternity.tab

ID;Mother; Father ID Mother Father
1;S1A2;S1A3 1 S1A2 S1A3
2;S1A2;S1A3 2 S1A2 S1A3
3;S1A2;S1A3 3 S1A2 S1A3 39/
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Exercise

. Step 4 : import the tabular datasets

. The function: read.table ()

# A script to analyse Crepidula paternity data
# R initiation - April 2017

# working directory
setwd ("/projet/fr2424/stage/stageXX/projet crepidula/")

#### import raw data
# offspring
offspring <- read.table ("offspring.txt", header=T, sep="\t")

# parents: 3 files

parentsl <- read.table("stackl.txt",header=T, sep="\t")
parents?2 <- read.table("stack2.txt",header=T, sep="\t")
parents25 <- read.table ("stack25.txt",header=T, sep="\t")

40/
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: Error messages

. When R tries to communicate: the error messages

> setwd ("/projet/fr2424/stage/stageXX/projet crepidule/")
Error in setwd("/projet/fr2424/stage/stageXX/projet crepidule/")
cannot change working directory

> offspring <- read.table ("offspring.txt",header=T, sep="\t")
Error in make.names (col.names, unique = TRUE)
invalid multibyte string 11
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COMPLEX OBJECTS
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Complex objects: Mode and Class

. The modes

- numeric : 1 -1 0.5 2.1e23
- character: "a" "Hello World" 'toto' "case \"not easy\""
- logical: TRUE / FALSE
> 1 == 1
[1] TRUE
> head (offspring)
stack clutch label clutch day ID label seqg label plate label manue plate
1 1 1 11 0O 1 AEB P1-1 ind02 indiv01 P
2 1 1 11 0O 2 AEB Pl1-1 ind03 indiv02 P
3 1 1 11 0O 3 AEB P1-1 ind04 indiv03 P
4 1 1 11 0O 4 AEB Pl1-1 ind05 indiv04 P
5 1 1 11 0O 5 AEB Pl1-1 ind06 indiv05 P
6 1 1 11 0O 6 AEB P1-1 ind07 indiv06 P
size exp
1 404.0 Audrey
2 444 .4 Audrey
3 424.2 Audrey
4 404.0 Audrey
5 404.0 Audrey
6 444.4 Audrey
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pyoivi Complex objects: Mode and Class

VLS

. The modes

- numeric : 1 -1 0.5 2.1e23
- character: "a" "Hello World" 'toto' "case \"not easy\""
- logical: TRUE / FALSE

> 1 ==

[1] TRUE

. To get the mode : mode()

> mode (a)

[1] "numeric"

> mode (A)

[1] "character"
> mode (1==1)

[1] "logical"
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pyoivi Complex objects: Mode and Class

VLS

Several modes

allowed within
. The classes (or types) the same object?
vector: sequence of data elements

matrix: collection of data elements in 2 dimensions

data.frame: data tables/ list of vectors of equal length

list: vector containing other objects

factor: sequence of limited different values / categorial variables

XX L4 XX

ts: time serie (frequencies, dates) ...
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Complex objects: vector

. vector: sequence of data elements

- 1 mode allowed within the 1 object

> myvector = ¢(1,3,5,7,9)
> myvector
(11 1 3 5 7 9

> size=offspringSsize[1:20]
> size

[1] 404.0 444.4 424.2 404.0 404 . . 383.8 444.4 444 .4
[13] 424.2 424.2 444.4 424.2 424

>length (size)
[1] 20

> size?2 = c(size,530.2,545.0,454.
> size?2

[1] 404.0 444.4 424.2 404.0 404 . . 383.8 444.4 444 .4
[13] 424.2 424.2 444.4 424.2 424 . . 545.0 454.8

> size2 + 1000
[1] 1404.0 1444.4 1424.2 1404.0 1404.0 1444.4 1383.8 1424.2 1424.2 [...

> size2 - size
[1] 0.0 0.0
[13] 0.0 0.0
Warning message:
In size2 - size
longer object length is not a multiple of shorter object

0.0
0.0
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Complex objects: vector

. Create a vector from scratch

> 1:25
(1] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

> seq(from=1, to=25, by=1)
[(r] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

to=10,
2.0

> seq(from=1,
(1] 1.0 1.5
[19] 10.0

by=0.5)
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5

> seq(l,25,2)
(1] 1 3 5 7 9 11 13 15 17 19 21 23 25

> rep(1l,25)
1

(
(1] 1

1111111111111 11111111°1

> # random generation for the normal distribution
> rnorm (25, mean=0, sd=1)

.861223234
.008796725
.471801732
.338180962
.494668508

> # some others:

rexp,

.179097312
.808822710
.003031214
.116440754

rgamma,

0.193908771 O.
0.055496719 -0.
1.313190462 1
-1.242136683 -1.

rpois,

447167513
761208517

.505939057

048167354

0.
.504335108 -0.824040103
.098118465 -0.695082609
1.

-0
1

490801348 1.718215675

492289109 1.432021299
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Complex objects: vector

. Getthe vector values

> size
[1] 404.0 444. . . . . . 424 ,2 383.8 444 .4 444 .4
[13] 424.2 424.

> size[8]
[1] 424.2

> size[-8]
[1] 404.0 444. . . . . . .2 383.8 444.4 444.4 424.2
[13] 424.2 444.

> size[2:4]
(1] 444.4 424.2 404.

> size[seq(l,20,by=2)]
[1] 404.0 424.2 404.0 . . . . 4 424.2 424.2

> size[1l0] = 666

> size[1l0] == 666
[1] TRUE

> size > 425
[1] FALSE TRUE FALSE FALSE FALSE TRUE FALSE FALSE TRUE TRUE TRUE
[13] FALSE FALSE TRUE FALSE FALSE TRUE FALSE

> sizel[size > 425]
[1] 444.4 444.4 666.0 444.4 444 .4 444.4 444 .4 444 .4
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Complex objects: matrix

. matrix: collection of data elements in 2 dimensions

- only 1 mode allowed within a matrix (e.g. all elements are numeric values)

> cbind(c(1,2),c(3,4),c(5,06))
[,11 [,2] [,3]

> matrix(data=1:6, nrow=2, ncol=3)

[,11 [,2] [,3]
5
6
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. matrix: collection of data elements in 2 dimensions

- only 1 mode allowed within a matrix (e.g. all elements are numeric values)

> dim(mymatrix)
(11 2 3

> ncol (mymatrix)
[1] 3

> nrow (mymatrix)
[1] 2
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Complex objects: matrix

. Getthe matrix values

> mymatrix = matrix(data=rnorm(12), nrow=4, ncol=3)
> mymatrix
[,1] [,2] [,3]

[1,] -0.5029435 -2.2136742 0.7304065
[2,] 0.5722826 0.1529347 -0.3215833
[3,] 0.1801031 1.2582361 -2.2977304
[4,] 1.5648817 0.4651903 0.3439180

> mymatrix([3, 2]
[1] 1.258236

> mymatrix|[2, ]
[1] 0.5722826 0.1529347 -0.3215833

> mymatrix|[, 2]
[1] -2.2136742 0.1529347 1.2582361 0.4651903

> mymatrix[3:4,1:2]

[,1] [,2]
[1,] 0.1801031 1.25823061
[2,] 1.5648817 0.4651903
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Complex objects:

. Getthe matrix values

matrix

> mymatrix

[,1]

.5029435
.5722826
.1801031
.5648817

[,2]

.2136742
.1529347
.2582361
.4651903

[,3]
0.7304065
-0.3215833
-2.2977304
0.3439180

> dimnames (mymatrix)
NULL

c("conditionl", "condition2", "condition3")
= c("samplel", "sample2", "sample3", "sampled")

> colnames (mymatrix)
> rownames (mymatrix)
> dimnames (mymatrix)

[[1]]
[1] "samplel" "sample2" "sample3" "sampled"

([2]]

[1] "conditionl" "condition2" "condition3"

> mymatrix
conditionl condition?2 condition3

samplel -0.5029435 -2.2136742 0.7304065
sample2 0.5722826 0.1529347 -0.3215833
sample3 0.1801031 1.2582361 -2.2977304
sample4 1.5648817 0.4651903 0.3439180

> mymatrix["sample2","condition3"]
[1] -0.3215833
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Complex objects: data.frame

. data.frame: data tables / list of vectors of equal length

- Several modes allowed within the data.frame

arrayl = c(-1.5585350,-0.5669521,-0.7483982,-0.5685524,0.5566560,-0.3465147)
array2 = c(-0.7348447,-1.1037727,-0.3216453,0.1248720,-0.6403694,-1.0225939)
gene = c("typl", "droML", "furA", "sufB", "rpod2","rrr")

> mydataframe = data.frame (arrayl,array2,gene)

mydataframe

arrayl array2 gene
-1.5585350 .7348447 typl
-0.5669521 .1037727 droML

-0.7483982 .3216453 furA
-0.5685524 .1248720 sufB

> mydataframe = cbind (mydataframe, core=c (TRUE, TRUE, FALSE, FALSE, TRUE, FALSE))

mydataframe

arrayl array2 gene core
-1.5585350 .7348447 typl TRUE
-0.5669521 .1037727 droML TRUE
-0.7483982 .3216453 furA FALSE
-0.5685524 .1248720 sufB FALSE

> mydataframe = cbind(mydataframe, rank=c(2,1,4,3,5))
Error in data.frame(..., check.names = FALSE)
arguments imply differing number of rows: 6, 5
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Complex objects: data.frame

. data.frame: data tables / list of vectors of equal length

- Several modes allowed within the data.frame

> mydataframe

arrayl
.5585350
.5669521
.7483982
.5685524
.5566560
.3465147

array?2

.7348447
.1037727
.3216453
.1248720
.6403694
.0225939

gene
typl
droML
furA
sufB
rpo4?2
rrr

core
TRUE
TRUE
FALSE
FALSE
TRUE
FALSE

> mydataframe[4, 2]
[1] 0.124872

> mydataframe[4,"array2"]
[1] 0.124872

> mydataframeSarray2[4]

[1] 0.124872

> mydataframe["array2"] [4]

Error in " [.data.frame (mydataframe["array2"], 4)
undefined columns selected

> mydataframe["array2"] [4,]
[1] 0.124872
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DCE N

. Back to the Crepidula data

. Explore the datasets

> head (offspring)

> offspring[1,10]
[1] 404

offspringl[2, ]
stack clutch label clutch day ID label seqg label plate label manue plate
1 1 11 0 2 AEB Pl-1 ind03 indiv02 P
size exp - -
444 .4 Audrey

offspring[,10]

[1] 404.0 444.4 424.2 404.0 404.0 444.4 383.8 424. 2 383.8 444.4 444 .4
[13] 424.2 424.2 444.4 424.2 424.2 444.4 424.2 444. 2 404.0 444.4 424.2
[25] 424.2 404.0 424.2 444.4 404.0 424.2 404.0 404. 2 424.2 444.4 [...]

> offspring[l1:10,"size"]
[1] 404.0 444.4 424.2 404.0 404.0 444.4 383.8 424.2

> offspring$size[1:10]
[1] 404.0 444.4 424.2 404.0 404.0 444.4 383.8 424.2
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Exercise

. Back to the Crepidula data

. Merge the 3 data.frames containing the parents

# parents: 3 files
parentsl <- read.table("stackl.txt",header=T, sep="\t")

parents?2 <- read.table("stack2.txt",header=T, sep="\t")
parents25 <- read.table ("stack25.txt",header=T, sep="\t")

# group all parentage data wihin one single dataframe
parents = rbind(parentsl,parents?2,parents2))
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VLS

. Back to the Crepidula data

. Select the useful fields of the data.frame “offspring”

# Select the useful fields of the offspring data.frame:
# only the fields: ID, day, size

temp <- offspringl[,c("stack", "ID", "size")]

# OR

temp <- subset (offspring, select=c(stack, ID, size))

. Build one data.frame containing all our information
(e.g. size of the larvae and identity of the parents)

# merge the datasets based on the only common column
# between the two data.frame: ID

data <- merge (temp, parents)
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DCE N

. Back to the Crepidula data
. Checking

> dim(offspring)
[1] 1221 11

> dim(parents)
[1] 959 3

> dim(data)

[1] 959 5 <=

> head (data)
ID stack size Mother Father
1 1 404.0 S1A2 S1A3
444, S1A2 S1A3
424, S1A2 S1A3
404 . S1A2 S1A3
404 . S1A2 S1A3
444, S1A2 S1A3

merge() only kept the samples which are in the two data frames
offspring and parents

> dataS$SID




COMPLEX OBJECTS (SUITE)
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Several modes

allowed within
. The classes (or types) the same object?
vector: sequence of data elements

matrix: collection of data elements in 2 dimensions

data.frame: data tables/ list of vectors of equal length

list: vector containing other objects

factor: sequence of limited different values / categorial variables

XX L4 XX

ts: time serie (frequencies, dates) ...
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Complex objects: list

. 1list: vector containing other objects

- Several modes allowed within a list

> mylist = list (a=a,A=A,myvector=myvector,mymatrix=mymatrix)

[1] "Hello World!"

Smyvector
[1] 1 3579

Smymatrix

conditionl condition2 condition3
samplel 1 5 9
sample?2 2 6 10
sample3 3 7 11
sampled 4 8 12

> mylistSmydataframe = mydataframe
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Complex objects: list

. 1list: vector containing other objects

- Several modes allowed within a list

[1] "Hello World!"

Smyvector
[1] 1 3579

Smymatrix

conditionl condition2 condition3
samplel 1 5 9
sample?2 2 6 10

> names (mylist)
[1] "a" "AM "myvector" "mymatrix" "mydataframe"

> mylist[[3

[31]
[1] 1 3 57

]
9

> mylist[["A"]]
[1] "Hello World!"
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Complex objects: factor

. factor: variable that takes on a limited number of different values

- only one mode allowed within a factor

> dataVector = 1:10 > dataFactor = as.factor (1:10)
> dataVector > dataFactor
(1] 1 2 3 4 5 6 7 8 910 (117 1 2 3 4 5 o 7 8 9 10

Levels: 1 2 345 6 7 8 9 10

> sampleVector = sample (dataVector, 10, > sampleFactor = sample (dataFactor, 10,
replace = TRUE) replace = TRUE)
> sampleVector > sampleFactor

(1] 5 66 5 4 9 8 10 1 10 3 [11] 5 6 5 4 9 8 101 10 3

Levels: 1 2 345 6 7 8 9 10

> table (sampleVector) > table (sampleFactor)
sampleVector sampleFactor
1 3 4 5 6 8 9 10 1 2 3 4 5 6 7 8 910
1 1 1 2 1 1 1 2 i1 0 1 1 2 1 0 1 1 2
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Complex objects: factor

. factor: variable that takes on a limited number of different values

> mode (offspringSstack)
[1] "numeric”
> plot (offspringS$Sstack,offspringS$Ssize)
| Continuous variable vs factor
> factor (offspring$stack)
i |
Levels: 1 2 25
> plot (factor (offspring$stack) ,offspringSsize)
o o o N
S - 0 o
o o o
R o S -
S | o S |
8 € o 8 €
(2] ° (/2]
o o o
8700 o B ] - °
3 1o} o S . . — .
S¥oloo o < R — !
5 10 15 20 25 1I é 2I5

stack stack 66 /
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. The missing values:

> c(1.2604103,1.4802003,NA,1.6124621,1.6718345,0.5794688,-1.7442904)
[1] 1.2604103 1.4802003 NA 1.6124621 1.6718345 0.5794688 -1.7442904

> offspring$weight
NULL

. The testing functions (return TRUE/FALSE)

- FornNa — is.na ()
- For NULL — is.null
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Mathematical functions

. Arithmetic operators
. + — * / :the basics

. 7 power
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Mathematical functions

. Comparison / Logical operators
. == :equality I'=": dissimilarity

o > < <= >=
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Mathematical functions

. Logical operators

- !'x :not
- x&y . and
- xX|ly:or

> offspring$size > 400
[1] FALSE FALSE TRUE

> | (offspring$size > 400)
[1] TRUE TRUE FALSE

> table (offspring$size > 400)
FALSE TRUE
282 919

> table (offspringS$size > 400 & offspring$Sexp == "Anastasia")
FALSE TRUE
1067 154

> table (offspring$size < 350 | 700 < offspringS$size)
FALSE TRUE
1124 77

> offspring[offspring$size > 400 & offspring$exp == "Anastasia", ]
630 ind29 AM 415.8 Anastasia
636 ind36 AM 435.6 Anastasia
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Mathematical functions

. Miscellaneous

- sum(x), prod(x), min(x), max(x)

- which.min(x), which.max (x) : Get the min/max values

> sum(c(1l,3,5))

[1] 9
> prod(c(1l,3,5))
[1] 15

> sum (mymatrix)
[1] -0.06797858

> sum(offspringS$size)
[1] NA
> sum(c(l1,NA,5), na.rm = TRUE)

1 : : .
[1] 551738.2 Many functions use this option
> max (offspringS$size, na.rm=T)

[1] 808.1

> which (offspring$size == max(offspringS$size, na.rm=T))

[1] 884 917 945
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Mathematical functions

. Miscellaneous

- rev (x)

- sort (x)

- choose(n, k) . combination of k elements among n
- sample (n) . @ random permutation

- sample (n, replace = TRUE) . bootstrap resampling
- sample (x, n) : sampling of n elements among x

> sampleVector
(1] 5 66 5 4 9
> rev (sampleVector)
(17 3 10 1 10 8
> sort (sampleVector)
rt] 1 3 4 5 5 6 8 9 10 10
> sort (sampleVector, decreasing=TRUE)
(1] 10 10 9 8 6 5 5 4 3 1

8 10 1 10 3

9 4 5 6 5

> choose (100,10)
[1] 1.731031e+13

> sample(1:100, 10)
[1] 26 74 43 96 97 29 90 85 60 17
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Mathematical functions

. Statistical functions

- mean (x) , median (x)

- var (x) — variance
- cor(x,y) — correlation

i = cov(X,Y i P(X = 2; et Y = y;) — E[X]E[Y]
_ cov(x,y) - covariance X =vXY)= ZZy z; et Y = y;) — E[X]E[Y]

> table (offspring$day)
0 3 5 7 9 12 14
9061 45 48 48 47 46 26

> natal.size <- offspring$size[offspringSday==

> mean (natal.size)
[1] NA

> mean (natal.size, na.rm=TRUE)
[1] 412.1467

> median(natal.size, na.rm=T)
[1] 404

> var (natal.size)

[1] 616.646

> sqgrt (var (natal.size, na.rm=T))
[1] 254.83236
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Mathematical functions

. The matrix function

- x%*%y . matrix product

- t(x) :transpose a matrix x

- diag (x) :extraction of the diagonal of the matrix x

> mymatrix =

matrix(1:9, 3,3)
> mymatrix

102
126

150
lag (mymatrix)

(mymatrix)
[,11 [,2] [,3

]
3
6
9

]
1 2
4 5
7 8
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Mathematical functions

> 12 %in% data$ID
[1] TRUE

> 1324 %$in% dataS$SID
[1] FALSE

> 1324 %$in% data

[1] FALSE

. apply

> tapply(data$size,dataSstack, mean)
1 2 25

429.0630 405.8439 NA

> tapply(data$size,dataSstack,mean, na.rm=T)
1 2 25
429.0630 405.8439 404.6942
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1) Add to the dataset "data" a column "pair" containing an identifier per parental pair
(ex: STA1_S1A2).

— use the function paste ()
2) How many larvae produced by the pair S1A2_S1A3 were measured?
— use the function 1ength ()

3) Calculate the average size of the larvae of the pair S1A2_S1A3

4) Get automatically the result for all couples

— use the function tapply ()

— then use the function aggregate ()
5) Same question, but having previously sub-selected the stacks 1 and 2
— use the function subset () before using aggregate ()

6) Produce a table containing the number and the average size of larvae for each
parental pair for stacks 1 and 2

— combine functions subset (), aggregate () and tapply ()
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Exercises — correction

# add a column "pair"
data$pair <- paste(dataSMother,dataSFather, sep="_")

# number of larvae produced by the couple S1 A2 S1 A3
length (data$size[dataSpair=="S1A2 S1A3"])

# average size of the larvae for the couple S1 A2 S1 A3
mean (data$size[dataSpair=="S1A2 S1A3"])

# or
with (datal[data$pair=="S1A2 S1A3",],
mean (size)

)

# average for each couple

# with the function tapply
tapply(data$size,data$pair, mean)
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Exercises — correction

# with the function "aggregate"

aggregate (data$size,
by=1list (data$Mother,dataSFather),
FUN=mean)

# the same, but adding column names "Mother" and "Father"
aggregate (data$size,
by=1list (Mother=dataSMother, Father=data$Father),
FUN=mean)

# more compact (using what is called a “formula”)
aggregate (size ~ Mother + Father, data, mean)
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Exercises — correction

# same calulations performed only for some specific stacks
stack list <- c(1,2)

sub data <- subset (data, data$stack %in% stack list)
summary <- aggregate (size~Mother+Father, sub data,mean)

# Finally, if we want to add the sample sizes
summary$n <- tapply(sub data$size, sub data$pair, length)
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pyoivy Programing Statements

VLS

. If/ elseif/ else

> a = 0.5

> 1f (a == 0.5) {
i print ("ok") }
[l] "Ok"

> 1if (a > 0.5) {

+ print ("ok") ;
+ } else {

+ print ("ko") ;
+
[

l] "kO"
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VLS

for (i in values) {

... do something ...

(1 1n seqg(l:5)) { print (1) }

l_|l_|l_|l_|l_|v

R PP
|_||_||_||_||_||—h

r
1
2
3
4
5

> infiles = c("stackl.txt", "stack2.txt", "stack25.txt")

> datas = list ()

> for (infile 1 in infiles) {

4+ datas[[infile 1]] = read.table(infile i, header=TRUE, check.names=FALSE)
+ 1}
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. apply function over array margins

> head (mymatrix)

[,1] [,2] [,3] [,4] [,3]
[1,] 0.57177836 -0.09623617 -1.2877098 -0.999702657 -1.83084206
[2,] 0.36411961 -0.69660756 0.3213590 -0.065069318 -0.09920370
[3,] -0.69590786 0.20113220 1.4770141 0.198917245 -0.08979680

> dim (mymatrix)
[1] 100 5

> apply (mymatrix, 1, mean)
[1] -0.728542456 -0.035080387 0.218271782 0.158465563 0.257838960 0.327600
[16] 0.282106984 0.269398490 0.093404380 -0.230242816 0.653728937 -0.37 [...]
[91] 0.447504533 -0.905960081 -0.542304096 0.175122985 -0.510900002 -0.074437

> apply (mymatrix, 2, mean)
[1] -0.088757464 0.017911582 0.097586186 -0.008795336 -0.019285733

Apply exists in different flavors according to the data class

- lapply, sapply, vapply, tapply, mapply
Try them all!
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Graphical functions

. Some examples: histograms, boxplots, scatterplots

### Graphics

# histogram of the size frequency for all larvae
hist (data$size)

# some graphic improvements
coll <- rgb (75,172,198, maxColorValue=255)
hist (dataSsize,
main="Size of larvae released by the mother",
vaxp=c (0,300, 3),
xlab="Size (pm) " y Size of larvae released by the mother
col=coll

)

300
|

200
1

Frequency

100
|

> help (par) 350 400 450 500
Size (um)
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# Representation of the size variability per Mother, Father and Stack
boxplot (size~Mother,data)
boxplot (size~Father,data)
boxplot (size~stack,data) —

500
|

450
|

400
1

350
|

1 é 2I5
# To understand the strange result for the stack 25
hist (dataSsize[dataSstack==25])
od ™ 1
SéO 350 460 4&0 4:10 46I0

data$size[data$stack == 25]
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Exercise

# Fecundity of the females as a function of stack size

data?2 <- read.table("data/fecundity.txt",sep="\t",header=T)
dataz2$fecundity <- data2Snclutch/dataz2$nfemales
plot (fecundity~stack size,data=dataZz,

xlab="'stack size',ylab='fecundity per female')

o
o
o _
- o) o 10 -
o stacks smaller than 10 ind.
Té’ o = * stacks with >10 ind.
oo ©
. o c 8
8 0 o o 5
2
£ o
2 o- ° 0 T 6
3 o ° £
2 o o o Q2 ° ° *
o 8 o o : ] [ ]
L ]
<+ - o (e} 4
© T T T T T
T T T T T
4 6 8 10 12 4 6 8 10 12
stack size stack size
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Exercise — Correction

# Fecundity of the females as a function of stack size

plot (fecundity~stack size,dataZz,
xlab="stack size",
ylab="female fecundity",
pch=16,
col=grey(0.7),
cex.lab=1.2,
cex.axis=1.2,
bty="1",
las=1)

points (fecundity~stack size, subset (data2, stack size>10),
pch=16,
col="red")

legend (9,10,c("stacks smaller than 10 ind.","stacks with >10 ind."),
pch=16,col=c(grey(0.8),"red"),
bty="n" )
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Graphical functions Juxtaposition

. Combining plots: mfrow () ou mfcol ()

# c(nr, nc) : number of rows X number of columns
par (mfrow(c(2,2))

boxplot (size~stack,data)
hist (data$size[dataSstack==25]))

hist (data$Ssize, yaxp=c(0,1000,10),col=coll,main="Size of larvae released [..])

plot (nclutch/nfemales~stack size,data=data2, xlab="'stack size',ylab="'fec [..])
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Graphical functions Juxtaposition

. Combining plots: 1ayout ()

# Build a matrix to define the different slots
mat <- matrix (data=c(1,2,3,3),nrow=2,ncol=2,byrow=TRUE) 1 2

# The Function layout 3 3
layout (mat)

hist (data$size, [...])

hist (data$size[dataS$Sstack==25],[...1)

plot (fecundity~stack size, [...])
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The backups

VLS

. The R backups

. RHistory : text file containing the launched command lines
. RData : binary file containing the R objects

- Some backups are sometimes generated automatically when the session
is closed: .RHistory et .RData (can be displayed using 1s -a)

"\ Warning: those .Rdata are loaded automatically if you start a R session in
! a directory which contains such backup data
- Manually:
savehistory ("backup.RHistory") # save
source ("backup.RHistory") # load
save.image ("backup.RData") # save all the objects
save (objectl, object2, file="objets.RData") # save only those 2 objects
load ("backup.RData")) # load
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VLS

. Import a tabular file

A tabular file

> paternity = read.table("paternity.tab",

header=TRUE o Sep:" \t" , quote=" " )

. Export a tabular file

> write.table (paternity,

"paternity.tab",

header=TRUE, sep="\t", quote=FALSE)
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Graphic in pdf

VLS

. The export in pdf is done in 3 steps
. Open the new pdf file pdf ()
.  Write your graphic(s)
. Close/Finalize the pdf file dev.off ()

pdf (file="graph.pdf")

plot (nclutch/nfemales~stack size,data2,xlab="stack size",ylab="female [..])
points (nclutch/nfemales~stack size,subset(data2,stack size>10),pch=16, [..])
legend (9,10,c("stacks smaller than 10 ind.","stacks with >10 ind."),pcl..])

dev.off ()

- The option onefile of pdf () displays one plot per page

101/



) Station Biologique
g de Roscoff

Graphic in png

VLS

. The export in png is done in 3 steps
. Open the new png file png ()
. Write the graphic
. Close/Finalize the png file dev.off ()

png (file="graph.png", width = 960, height = 960)

plot (nclutch/nfemales~stack size,data2,xlab="stack size",ylab="female [..])
points (nclutch/nfemales~stack size, subset (data2,stack size>10),pch=16, [..])
legend (9,10,c("stacks smaller than 10 ind.","stacks with >10 ind."),pc [..])

dev.off ()

- The option bg="transparent" in png () can be useful
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Objective: graphically represent the growth curves of the
adults all along the experiment

(Growth of the shell of adults during 251 days)
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1) Import the dataset contained in the file growth.xlsx
2) Add a column containing the absolute growth of the adults

3) Plot absolute growth as a function of the initial size for each sex
— use plot () for one of the two sexes
— then use the function points () for the second one
4) Improve the quality of the graphic
— use the parameters: pch, col, xlim, ylim, xlab, ylab, cex.lab, cex.axis, las, ...

— add a legend (male, female)
6) The growth can be fitted by this polynomial model:
ml <- Im(growth~sex*size+I (size”2), data)

— use the function predict to predict the response variable (growth) as a function of
explanatory variables (sex and size)

— predict (model, data. frame (explanatory variable1=..., explanatory variable2=...))

— use function points to display the male and female growth curves
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# A plot of Crepidula fornicata growth in an experimental population
setwd ("/Users/tbroquet/Documents/Enseignement/Intro R Form int")

# load a (correctly formatted) dataset
data <- read.table("data/growth.txt", sep="\t", header=T)

# calculate growth
dataSgrowth <- dataS$size2-dataS$size
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par (mar=c(5, 5, 4, 2) + 0.1) # gives me some more room on the left

# Female-first

plot (data$growth[data$sex=="F"]~data$size[data$sex=="F"],
xXlim=c (15,60), # this will allow smaller males to be visible as well
ylim=c(-1,12), # same idea for the y-axis
xlab="Initial adult shell size (mm)",

ylab="", # I will draw my own axis title on the left
cex.lab=1.2, # Publication requires bigger labels
cex.axis=1.2,

cex=1,

las=1)

# Here come the males, shown in grey
points (data$size[data$sex=="M"],data$Sgrowth[data$Ssex=="M"],
col='grey',pch=19, cex=1)

# Then the y-axis label and legend
mtext ("Approximative shell growth (mm)",side=2,line=4,cex=1.2)

mtext ("during the experiment (251 days)", side=2,1line=2.8,cex=1.2)

legend (15,2,c("males", "females"),pch=c(19,1),col=c("grey", "black"),bty="n",
cex=1.1)
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# Now I want to add predictive growth curves

# Polynomial model with a quadratic effect of initial size
ml <- Im(growth~sex*size+I (size”2),data)

min (dataSsize)
max (dataSsize[dataSsex=="M"])

# I wish to predict growth for males between 20.5 and 51.6 mm
X <- seq(20.5,51.6,0.1)

y <- predict(ml,data.frame (size=x,sex="M"))

points (x,y,type='1l"',col="grey", lwd=2)

# Now female growth

min (dataSsize[dataSsex=="F"])

max (dataSsize[dataSsex=="F"])

X <- seqg(35.9,54.1,0.1)

y <- predict(ml,data.frame (size=x,sex="F"))
points (x,y,type='1l"',col="black",lty=2, 1lwd=2)
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