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Abstract

Cole, J.B. 2012. A Manual for use of PyPedal: A software pgekimr pedigree analysis. Animal Improvement
Programs Laboratory, Agricultural Research Service, &thBtates Department of Agriculture.

This manual in twelve chapters describes PyPedal (v 2.@ftaare package for pedigree analysis, report generation,
and data visualization. Metrics include coefficients ofgddling and relationship, effective founder and ancestor-n
bers, and founder genome equivalents. Tools are providaeddatifying ancestors and descendants, computing coef-
ficients of inbreeding from potential matings, quantifypegdigree completeness, and visualizing pedigrees. 8agipt
support is provided by the Python programming languags;lémiguage may be used to easily automate analyses and
implement new features. Input and output files utilize pkzixt formats. The program has been used for the analysis of
dairy cattle and working dog pedigrees. PyPedal runs on tig/Ginux and Microsoft Windows operating systems.
The program, documentation, and examples of usage arableadtht t p: / / pypedal . sour cef or ge. net/.

Mention of trade names or commercial products in this maisusdlely for the purpose of providing specific informa-
tion and does not imply recommendation or endorsement byt8eDepartment of Agriculture.

All programs and services of the U.S. Department of Agrizdtare offered on a nondiscriminatory basis without
regard to race, color, national origin, religion, sex, ageyital status, or handicap.
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Legal Notice

The only people who have anything to fear from free softwaeethhose whose products are worth even
less. — David Emery

Copyright (c) 2002-2008. John B. Cole. All rights reserved.

Permission to use, copy, modify, and distribute this softwfar any purpose without fee is hereby granted, provided
that this entire notice is included in all copies of any seaiitevwhich is or includes a copy or modification of this
software and in all copies of the supporting documentatioiséich software.

Disclaimer

The author of this software does not make any warranty, aggeimplied, or assume any liability or responsibility for
the accuracy, completeness, or usefulness of any infoomatpparatus, product, or process disclosed, or reprassnt

its use would not infringe privately-owned rights. Refezernerein to any specific commercial products, process, or
service by trade name, trademark, manufacturer, or otlsenioes not necessarily constitute or imply its endorsemen
recommendation, or favoring by the United States Goverriroetthe author. The views and opinions of authors
expressed herein do not necessarily state or reflect thoge ddnited States Government and shall not be used for
advertising or product endorsement purposes.

License

This is free software; you can redistribute it and/or modifynder the terms of the GNU Lesser General Public
License as published by the Free Software Foundation;reifrsion 2.1 of the License, or (at your option) any later
version.

This software is distributed in the hope that it will be udehut WITHOUT ANY WARRANTY; without even the
implied warranty of MERCHANTABILITY or FITNESS FOR A PARTIOGLAR PURPOSE. See the GNU Lesser
General Public License for more details.

You should have received a copy of the GNU Lesser GeneraldLibkense along with this library; if not, write to the
Free Software Foundation, Inc., 51 Franklin St, Fifth Fl@oston, MA 02110-1301, USA.
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CHAPTER
ONE

Introduction

Any sufficiently disguised bug is indistinguishable fromeafure. — Rich Kulawiec

This chapter introduces the PyPedal module for Python 204jgles an overview of key features of the software, and
describes the contents of this manual.

PyPedal PythonPedgree Aralysis) is a tool for analyzing pedigree files. It calculategesal quantitative measures
of genetic diversity from pedigrees, including averagefiidents of inbreeding and relationship, effective founde
numbers, and effective ancestor numbers. Checks are perfbcatch common mistakes in pedigree files, such as
parents with more recent birthdates or smaller ID numbeas their offspring and animals appearing as both sires and
dams in the pedigree. Tools for pedigree visualization apdit generation are also provided. PyPedal only makes
use of information on pedigree structure, not individuahatypes. Allelotypes can be assigned to founders for use
in gene-dropping simulations to calculate the effectivenhar of founder genomes, but no other measures of alleic
diversity are currently supported.

PyPedal is a Pythorh{ t p: / / ww. pyt hon. or g/ ) language module that may be called by programs or used
interactively from the interpreter. You must have Pytho# @r later) installed in order to use PyPedal as PyPedal
makes use of features found only in that version. The Nurgan@dule must also be installed in order for you to use
PyPedal, and may be foundlatt p: / / www. st sci . edu/ r esour ces/ sof t war e_har dwar e/ nunarr ay.

In addition, there are a number of third-party packages bydelyPedal; they are discussed in Chagter

This manual is the official documentation for PyPedal. [{udes a tutorial and is the most authoritative source of
information about PyPedal with the exception of the souombec The tutorial material will walk you through a set of
manipulations of a simple pedigree. All users of PyPedatammuraged to follow the tutorial with a working PyPedal
installation. The best way to learn is by doing — the aim of thitorial is to guide you along this doing.

This content of this manual is broken down as follows:

License Chapter?? describes the license under which PyPedal is distributéds important that you review the
license before using the program.

Installing PyPedal Chapter2 provides information on testing Python and installing Ry&e

High-Level Overview Chapter3 gives a high-level overview of the components of the PyPsygistem as a whole.
Methodology Chapter7 provides a brief overview of the methodology used to catleutaeasures of genetic diversity.
HOWTOs Chapter8 provides demonstrations of how to perform common tasks.

Graphics Chapter provides details on producing graphics with PyPedal.

Reports Chapterl0 provides details about the report generation tools aviglebPyPedal.



http://www.python.org/
http://www.stsci.edu/resources/software_hardware/numarray

Implementing New Features Chapterllintroduces the idea of extensibility and walks the readentph the devel-
opment of a new PyPedal routine.

Applications Programming Interface Chapter?? includes a complete reference, including useage notesalfor
functions in all PyPedal modules.

Glossary Chapterl2 provides a glossary of terms.

References and Indicesare provided at the end of the manual.

1.1 Features

Some of the notable features of PyPedal include:

» Reading pedigree files in user-defined formats;

« Checking pedigree integrity (duplicate IDs, parents yganthan offspring, etc.);

» Generating summary information such as frequency of apea in the pedigree file;

» Reordering and renumbering of pedigree files, includirggéhwith IDs as character strings rather than integers;
< Computation of the numerator relationship matu¥ from a pedigree file using the tabular method;

* Inbreeding calculations for large pedigrees (pedigr@as 600,000 animals have been processed with PyPedal);
< Computation of average total and individual coefficierftmbreeding and relationship;

 Calculation of coefficients of partial inbreeding usingitenative tabulat method écy, Alaks, and Walsh 1996
Gulisija, Gianola, Weigel, and Toro 2006

« Calculation of coefficients of ancestral inbreeding ughngmethods of Balloul©97) or Suwanlee et al.2007);
» Decomposition ofd into 7"and D such thatd = T DT;

< Computation of the direct inverse df (not accounting for inbreeding) using the method of Henale976);
« Computation of the direct inverse df (accounting for inbreeding) using the method of Qud&sg);

« Storage ofd and its inverse between user sessions as persistent Pydfemtsousing th@ickle module to avoid
unnecessary calculations;

 Calculation of theoretical and actual effective populatsizes;

e Computation of effective founder number using the exagbathm of Lacy (989);

< Computation of effective founder number using the apprate algorithm of Boichard et al1997);
« Computation of effective ancestor number using the algors of Boichard et al.1997);

« Selection of subpedigrees containing all ancestors ohama;

* |dentification of the common relatives of two animals;

« Calculation of the inbreeding of offspring from a prospeemating;

» Output to ASCII text files, including matrices, coefficismf inbreeding and relationship, and summary infor-
mation;

6 Chapter 1. Introduction



Importation and exportation of GEDCOM 5.5 files;
* Importation and exportation of GENES 1.20 (dBase Ill) files

Loading pedigrees from, and saving them to, MySQL, Postged SQLite databases;

Simulation of pedigrees using an algorithm derived frowt ih Matvec 1.1a;

PyPedal has been used to perform calculations on pedigsémgia as 600,000 animals and has been used in scientific
researchCole, Franke, and Leighton 2008ole 2007.

1.2 Where to get information and code

PyPedal and its documentation are available at:tp:// pypedal . sourceforge. net/. The Source-
forge site, http://sourceforge. net/projects/pypedal/, provides tools for reporting bugs
(https://sourceforge. net/tracker/?func=add&group_i d=106679&at i d=645233, making fea-
turerequestdt t ps: // sour cef orge. net/tracker/ ?f unc=add&gr oup_i d=106679&at i d=645236),
and discussing PyPeddit(t ps: / / sour cef or ge. net/f or um ?gr oup_i d=106679).

1.3 Acknowledgments

PyPedal was initially written to support the author’s ditstgon research while at Louisiana State University, Bato
Rouge bt t p: / / www. | su. edu/ ). The initial development was supported in part by a gramifiThe Seeing Eye,
Inc., Morristown, NJ, USA. It lay fallow for some time but heecently come under active development again. This is
due in part to a request from colleagues at the University midsota that led to the inclusion of new functionality in
PyPedal. The author wishes to thank Paul VanRaden for vépjuhsuggestions for improving the ability of PyPedal
to handle certain computations in large pedigrees. Adddtideedback in the form of bug reports, feature requests,
and discussion of computing strategies was provided by Dasldk, Bradley J. Heins (University of Minnesota-
Twin Cities), Edward H. Hagen (Institute for TheoreticabRigy, Humboldt-Universitat zu Berlin), Kathy Hanford
(University of Nebraska, Lincoln), Thomas Kelly (Departmief Animal and Poultry Science, University of Guelph),
Thomas von Hassell, Gianluca Saba, and Ken Severin (UitivefsAlaska — Fairbanks). Gregor Gorjanc has written
a blog entry describingow to install PyPedal on Debian Linukernando Perez posted@gXpreamble to the NumPy
listserver that dramatically improved the PDF version ofsT¥anual.

The Newfoundland pedigree presented in Figwel was taken from the NewFoundland Dog database
(http: // www. newf oundl anddog- dat abase. net/ en/)and is used with permission.

The pedigree of European royalty used in the GEDCOM disous@\ppendixB), ged3.gedwas taken from the
Genealogy Forum websité{(t p: / / wwww. geneal ogyf orum com ). It is believed to be in the public domain,
and is used with the knowledge of the website administrators

1.4 Disclaimer

Reference to any commercial product is made with the unaled#stg that no discrimination is intended and no en-
dorsement by USDA is implied.
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CHAPTER
TWO

Installing PyPedal

As we acquire more knowledge, things do not become more oeinemisible, but more mysterious. —
Will Durant

This chapter explains how to install and test PyPedal undsixRype operating systems and Microsoft Windows.

2.1 Overview of installation

Before we can begin the tutorial, you need install and teshd;, NumPy and some other Python extensions, and
PyPedal itself. PyPedal has been tested against the vetsitad in Table2.1, and may not work with earlier releases
of those packages. The extensions that you need to instafidier to use all of the features of PyPedal are listed
in Table2.1. Note that some extensions need to be installed beforesothempy should be installed first, and
pypar si ng and Graphviz must be installed befgrgdot .

If you do not install one or more optional modules you willldtie able to use PyPedal, although some features may
not be available to you. Details on installing the extensigsted above can be found on their respective websites. All
of these extensions are available for Unix-type operatyggesns (e.g. Linux, Mac OS X) as well as for Microsoft
Windows; most sites also provide binary installers for Wind. Python extensions can usually be installed by un-
zipping/untaring the archives, entering the folder, arsdiiisg the commandgyt hon setup. py install’asa
root/administrative user. Note that NetworkX and Repolbtiaae not installed by the Enthought Python Distribution
for Windows. | have found that installations from source onux are sometimes tricky, but | have found that Sage
(http: // www. sagenat h. or g/ i ndex. ht ml ) does a great job of getting clean builds of the trickier pesuch

as Numpy and matplotlib.

Table 2.1: Packages and compatible versions used by PyPedal

Extension Version Used for... URL

elementtree Lightweight XML processinght t p: / / ef f bot . or g/ zone/ el enent - i ndex. ht m
Graphviz Draw directed graphs http://ww. research. att.conf sw' t ool s/ graphvi z/
matplotlib Plotting, matrix visualization http:// matpl otli b. sour cef orge. net/

continued on next page
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Extension \ersion Used for... URL

NetworkX Network analysis htt ps://networkx. | anl . gov/

Numpy Array manipulation htt p: // ww. nunpy. or g/

PIL Image processing http://effbot.org/zone/pil-index. htm
pydot Interface to Graphviz http://dkbza. org/ pydot. ht m

PyGraphviz Interface to Graphviz https://networkx. | anl.gov/w ki/pygraphvi z
pyparsing Text parsing http:// pyparsi ng. sour cef orge. net/

Python Pretty much everything http://python. org/

ReportLab Generate PDF documentht t p: / / www. r epor t | ab. or g/

testoob Advanced unittesting  http://testoob. sourceforge. net/

The PyPedal distribution includes a copy of the ADOdb fohewtht t p: / / htt p: / / phpl ens. com | ens/ adodb/ adodb- p
database abstraction library. It is installed with PyPeahal does not require a separate installation step.

2.2 Testing the Python installation

The first step is to install Python 2.4 (or later) if you hawenlready done so. Python is available at
http://sourceforge. net/ projects/python/. Click on the link corresponding to your platform, and
follow the instructions presented there. Python can uguadl started by typingpyt hon’ at the shell (Posix) or
double-clicking on the Python interpreter (Windows). Wiyen start Python you should see a message like:

Python 2.5.2 (r252:60911, Apr 8 2008, 21:49:41)
[GCC 4.2.3 (Uountu 4.2.3-2ubuntu7)] on linux2
Type "hel p", "copyright", "credits" or "license" for nore information.

If you have problems getting Python to work, contact youal®upport person or e-mail python-help@python.org for
help.

2.3 Installing PyPedal

In order to get PyPedal, visit the official websitelgtt p: / / pypedal . sour cef or ge. net/. Click on the
"Sourceforge Page” link, click on the "Download PyPedal'ttbn, and select the latest file release. Files whose
names end in “.tar.gz” or “.zip"are source code releases. AyPedal installation will not fail if a prerequisite pagka

is not present, but not all PyPedal functionality will be itaale to you.

2.3.1 Installing on Unix, Linux, and Mac OSX
The source distribution should be uncompressed and ungackiollows (for example):

gunzi p pypedal -2.0.0rc4.tar.gz
tar xf pypedal -2.0.0rc4.tar.gz

Follow the instructions in the top-level directory for coitapion and installation. Installation is usually as sigpls:

pyt hon setup. py install

10 Chapter 2. Installing PyPedal
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Important Tip Just like all Python modules and packages, the PyPedal madun be invoked using either the
‘i nport PyPedal ' form, or the from PyPedal inport ...’ form. All of the code samples will assume
that they have been preceded by statements such as:

>>> from PyPedal inport <nodul e- nanme>

A complete list of modules is provided in Chapft.

2.3.2 Installing on Windows

To install PyPedal, you need to be logged into an account Adliministrator privileges. As a general rule, always
remove any old version of PyPedal before installing theentrversion.

Please note that PyPedal has been lightly-tested on Wind@ysbut | cannot guarantee that it runs with-
out problems on Win-32 platforms! PyPedal should instaltl ann properly on Win-32 as long as the de-
pendencies listed above are satisfied. Enthought providegttaon distribution that is bundled with a number
of extras, including most of the dependencies needed talirestd run PyPedal in the Windows environment
(htt p:// ent hought . coni product s/ epd. php). Itis a large download (¢, 100 MB) but greatly simplifies
installation. If you use the Enthought distribution youlvgilill need to download and install ReportLab (TaBlég).
Please note that the Enthought Python Distribution is foe@€ademic and hobbyist use; if you intend to use it com-
mercially (as part of your business) please pay the liceaseof do not use their product. With the exception of
Py G aphvi z, which is discussed below, the prerequisite packages aitable as Windows installation (.msi) files
that can be downloaded and installed individually.

There is not yet an easy way to install thé?y Gr aphvi zlibrary under Windows. PyGr aphvi zis
used by some of the graphics routines for rendering pedigree Windows users will need to refer to Chapterd
for details on routines which require this module.[ <<« ]

It is possible that the installation may fail with the messag

error: Downl oad error: (10060, ’'Operation tined out’)

This means that the installer was trying to download a depecyland that operation was unsuccessful. This can
usually be remedied by simply running the installer again.

In order to get your installation working correctly you wilked to set some environment variables. Under Windows
XP (and 2000) you access those variables by right-clickinghee My Computericon on your desktop, selecting
Properties selecting theAdvancedab, and clicking th&Environment Variablesutton. First, add C: \Pyt hon24

to the PATH by selecting it in thBystem Variablelist and clickingEdit. Next, create a PYTHONPATH environment
variable by clicking theNew button undefUser Vari abl es, entering the path to the PyPedal directory in the
Vari abl e val ue field.

Installation from source

1. Unpack the distribution using an unzipping utility such7aZip htt p: // ww. 7- zi p. or g/ ) that under-
stands gzipped-and-tarred files. Once you've done thaty agéell by left-clicking on "Start”, selecting "Run”,
and typingcmd into the box. Navigate to the directory into which you unpatkhe PyPedal distributio(this is
an example, your file location may vary):

C.\> cd C \PyPedal

2.3. Installing PyPedal 11
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2. Build it using the distutils defaults:

C:\ PyPedal > pyt hon setup.py install

This installs PyPedal i€: \pyt hon24\si t e- packages.

Installation on Cygwin

No information on installing PyPedal on Cygwin is availalifeyou manage to get it working, please let me know.

2.4 Testing the PyPedal Installation

To find out if you have correctly installed PyPedal, typeport PyPedal ' at the Python prompt. You'll see one
of two behaviors (throughout this document user input antth&tyinterpreter output will be emphasized as shown in

the block below):

>>> jnport PyPedal

Traceback (innernost |ast):

File "<stdin>", line 1, in ?

I mportError: No nodul e named PyPedal

indicating that you don’t have PyPedal installed, or:

>>> jnport PyPedal
>>> PyPedal . __version__.version
'2.0.0rc&

indicating that PyPedal is installed.

12 Chapter 2. Installing PyPedal



CHAPTER
THREE

High-Level Overview

By a small sample we may judge the whole piece. — Miguel de &#ps Saavedra

3.1 Interacting with PyPedal

There are two ways to interact with PyPedal: interactivebyrf a Python command line, and programmatically using
a script that is run using the Python interpreter. The laggureferred to the former for any but trivial examples,
although it is useful to work with the command line while leimg how to use PyPedal. A number of sample programs
are included with the PyPedal distribution.

3.2 The PyPedal Object Model

At the heart of PyPedal are four different types of objecthied§e objects combine data and the code that operate
on those data into convenient packages. Although most RyRsdrs will only work directly with one or two of
these objects it is worthwhile to know a little about eachtam. An instance of thBlewPedi gr ee class stores a
pedigree read from an input file, as well as metadata aboupétigree. The pedigree is a Python listefwAni nmal
objects. Information about the pedigree, such as the nuarmidentity of founders, is contained in an instance of
thePedi gr eeMet adat a class.

The fourth PyPedal classiewAMat r i X, is used to manipulate numerator relationship matricesMINRVhen work-
ing with large pedigrees it can take a long time to computesthenents of a NRM, and having an easy way to save
and restore them is quite convenient.

PyPedal also providdsi ght Ani mal and Si mAni nal objects. Li ght Ani mal s are intended for use with the
graph theoretic routines providedjiry p_net wor k and lack many of the attributes bewAni nmal objects, such as
names, breeds, and alleleotyp8smAni nal s are intended for internal use only by the pedigree sinutatutines.

A detailed explanation of each class is provided in Chafter

3.3 Program Structure

PyPedal programs load pedigrees from files and operate se fhedigrees. A program consists of four basic parts: a
header, an options section, pedigree creation, and pedigrerations. The program header is used to import modules
used in that program, and may include any Python moduleablaibn your system. You must import a module before
you can use it:
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# Program header -- |oad nodul es used by a program
from PyPedal inport pyp_newcl asses
from PyPedal inport pyp_netrics

You should only import modules that you are going to use inrywogram; you do not need to import every PyPedal
module in every program you write.

PyPedal recognizes a number of diffferent options that aegl o control its behavior (Secti@). Before you can
load your pedigree into a PyPedal object you must providedigpee file name fednan®e’) and a pedigree format
string (‘pedf or nat ’). Thisis done by either creating a Python dictionary ansigirzg it as a parameter whpgip_ -
newcl asses. | oadPedi gree() is called or by specifying a configuration file name. For eximnpere is how
you would create and populate an options dictionary:

options = {}

options[’ nessages’] = 'verbose
options[’renunber’] =0

options[’ pedfile’] = 'new_|acy. ped
options[’ pedformat’] = 'asd’

options[’ pednanme’] = 'Lacy (1989) Pedigree’

The syntax used in a configuration file is similar. Considerfile ‘options.ini’, which contains the same options as set
in the optionsdictionary in the previous example:

# options.ini

# This is an exanple of a PyPedal configuration file
nmessages = ver bose

renunber = 0

pedfile = new_| acy. ped

pedfornmat = asd

pednane = Lacy (1989) Pedigree

More details on configuration files are provided in Sectioh 1

You may name your dictionary or configuration file whateveu yi&e; the examples in this manual, as well as those
distributed with PyPedal, use the nanapt i ons’. Once you have defined your options to is time to load your
pedigree. This is as simple as callipgp_newcl asses. NewPedi gree():

exanpl e = pyp_newcl asses. | oadPedi gr ee( opti ons)

If you would like to use a configuration file to set your pedeyogptions, supply the configuration file name using the
optionsfilekeyword:

exanpl e = pyp_newcl asses. | oadPedi gree(optionsfil e="options.ini’")

Once you have loaded your pedigree file infdeawPedi gr ee object you can unleash the awesome power of a fully-
functional PyPedal installation on it. For example, cadtinlg the effective number of founders in your pedigreegsin
Lacy’s (1989 exact method is as simple as:
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pyp_rnetrics. effective_founders_I| acy(exanpl e)

Example programs that demonstrate how to use many of therésabf PyPedal are included in thexanpl es’
directory of the distribution.

3.4 Options

Many aspects of PyPedal’s operation can be controlled wssgagies of options. A complete list of these options, their
defaults, and a brief desription of their purpose is presgimt Table3.1. Options are stored in a Python dictionary
that you must create in your programs. You must specify vafaethepedfileandpedformatoptions; all others are
optional. pedfileis a string containing the name of the file from which your geeé will be read.pedformatis a
string containing a pedigree format code (see sedibr) for each column in the datafile in the order in which those
columns occur. The following code fragement demonstrat@sdptions are specified.

options = {}

options[’ nessages’'] = 'verbose’
options[’renunber’] =0

options[’counter’] 5

options[’ pedfile’] "new_| acy. ped’

options[’ pedformat’] = 'asd’

options[’ pednanme’] = 'Lacy Pedi gree’

exanpl e = pyp_newcl asses. | oadPedi gr ee( opti ons)

First, a dictionary namedptions is created; you may use any name you like as long as it is a valid
Python variable name. Next, values are assigned to sevetans. Finally, optionsis passed topyp_-
newcl asses. | oadPedi gr ee() , which requires that you pass it either a dictionary of apior a configuration
file name. If you do not provide one of these, PyPedal will ttlh an error.

A single PyPedal program may be used to read one or more pedigEach pedigree that you read must be passed
its own dictionary of options. The easiest way to do this ischgating a dictionary with global options. You can
then customize the dictionary for each pedigree you wane&mlr Once you have created a PyPedal pedigree by
calling pyp_newcl asses. NewPedi gr ee( opti ons) you can change the options dictionary without affecting
that pedigree because it has a separate copy of those optayesd in itskw attribute. The following code fragment
demonstrates how to read two pedigree files using the sartierdicy of options.
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options = {}
opti ons[’ nessages’]
options[’ renunber’]

"ver bose’
0

options[’counter’] =5
if name_ =="'_ main__':
# Read the first pedigree
options[’pedfile’] = 'new_|acy. ped
options[’ pedformat’] = 'asd’
options[’ pednanme’] = ’'Lacy Pedigree’
exanpl el = pyp_newcl asses. | oadPedi gr ee( opti ons)
# Read the second pedigree

options[’ pedfile’] " new_boi char d. ped’
options[’ pedfornmat’] " asdg’

options[’ pednane’] = ’'Boichard Pedi gree’

exanpl e2 = pyp_newcl asses. | oadPedi gr ee( opti ons)

Note thatpedformatonly needs to be changed if the two pedigrees have diffemntdts. Onlypedfile hago be
changed at all.

All pedigree options other thapedfileand pedformathave default values. If you provide a value that is invalid th
option will revert to the default. In most cases, a messageabeffect will also be placed in the log file.

Table 3.1: Options for controlling PyPedal.

Option Default Note(s)

alleles_sepchar | '/ The character separating the two alleles in an animal'so&jige. alle-
les_sepcharCANNOT be the same aepchal

animal_type new’ Indicates which animal class should be used to instantiatead records,
NewAni mal orLi ght Ani mal (‘new'—'light’).

counter 1000 How often should PyPedal write a note to the screen whenmgdaige
pedigree files.

databasedebug | False Toggle debugging messages in the database module on and off.

databasehost 'localhost’ The server on which the database is running.

databasename | 'pypedal’ The name of the database to be used.

databasepasswd| 'anonymous’| The password needed to connect to your database.

databaseport ” The port on which your databse is listening for connectioregfled only
for Postgres).

databasetable filetag’ The name of the database table to which the current pedigilebev
written.

databasetype 'sqlite’ The type of database you are using ('mysql'—’'postgres’-ifsd).

databaseuser 'anonymous’| The name of a user with access rights to your database.

default_fontsize | 10 Specifies the default font size usecpoipp _gr aphi cs. If the font size
cannot be cast to an integer, it is set to the default valu®oFant sizes
less than 1 are set to the default of 10.

continued on next page
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Option Default Note(s)

default_report filetag Default report name for use lpyp_reports.

default_unit 'inch’ The default unit of measurement for report generation (‘eftinch’).

debug messages | O Indicates whether or not PyPedal should print debuggirgymétion.

f_computed 0 Indicates whether or not coefficients of inbreeding havenlmsmputed
for animals in the current pedigree. If the pedigree fornéng includes
‘f’ this will be set to 1; it is also set to 1 on a successful retiiom
pyp_nrniinbreeding().

file_io 1 When true, routines that can write results to output file$ @al so and
put messages in the program log to that effect.

filetag pedfile filetagis a descriptive label attached to output files created whecgss-
ing a pedigree. By default the filetag is basedpaulfile minus its file
extension.

form_nrm 0 Indicates whether or not to form a NRM and bind it to the peeligas an
instance of &ewAMat r i x object.

foundercoi 0 Tells pyp_nrm fast _a_matrix() whether or not to use coeffi-
cients of inbreeding from the pedigree to augment the diafgofor
founders.

gen_coeff 0 When nonzero, calculate generation coefficients using tthod of Pat-
tie (1965 and store them in thgen_coef f attribute of aNewAni nal
object. The inferred generation stored in ihgen attribute will be the
gen_coef f rounded to the nearest 0.5. When zero, dle@_coef f
is -999.

has_header 0 When 1, the first row of the pedigree file is converted to a comtme
because it is a list of column names rather than data. If yewaing
a configuration file, youmustenclose the comma in double quotation
marks (e.g., codehakeader ="").

log_long_filenames| 0 When nonzero, long logfile names will be used, which means|tiga
file names will include datestamps.

log_ped_lines 0 When> 0 indicates how many lines read from the pedigree file should
be printed in the log file for debugging purposes.

logfile filetag.log The name of the file to which PyPedal should write messagest dtiso
progress.

matrix_type 'dense’ Select between dense and sparse matrices.

messages 'verbose’ How chatty PyPedal should be with respect to messages taé#ne'ver-
bose’ indicates that all status messages will be writteMOGUT, while
‘quiet’ suppresses all output to STDOUT.

missing_bdate 01011900’ Default birth date.

missing_breed 'Unknown_Breed’ | Default breed name.

missing_byear 1900 Default birth year.

missing_herd
missing_name
missing_parent

'Unknown_Herd’
'Unknown_Name’
0

Default herd identifier.

Default animal name.

Indicates what code is used to identify missing/unknowreptin the
pedigree file.

continued on next page
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Option Default Note(s)

missing_sex u’ Default sex code.

newanimal.caller 'loader’ Internal parameter needed for addanimal() to work coryesith ASD
pedigrees.

nrm_format ‘text’ Format to use when writing an NRM to a file ('text—'binary’Array
elements in text files are separatedsgpchar

nrm_method nrm’ Specifies that an NRM formed from the current pedigree asstarce of
aNewAMat r i x object should ('frm”) or should not ('nrm’) be corrected
for parental inbreeding.

paper size ‘letter’ Default paper size for printed reports (Ad'—'letter’).

pedcomp 0 When 1, calculate pedigree completeness using pedcgems genera-
tions of pedigree.

pedcompgens 3 Number of generations of pedigree to use when calculatirdigpee
completeness.

pedfile None File from which pedigree is read; must provided unless yeuseamulat-
ing a pedigree. Defaults to 'simulatepledigree’ for simulated pedigrees.

pedformat ‘asd’ See3.5.1for details.

pedname 'Untitled” | A nametltitle for your pedigree.

pedgreeis_renumbered 0 Indicates whether or not the pedigree has been renumbered.

pedigree summary 1 Indicates whether or not the pedigree loading details amthsary are
printed to STDOUT. Output is only written fhessagés set to ‘verbose’.

renumber 1 Renumber the pedigree after reading from file (0/1).

reorder 0 Reorder the pedigree after reading from file (0/1).

reorder_max_rounds 100 Maximum number of passes to use when reordering the pedigree

sepchar v The character separating columns of input in the pedfile.

set_ancestors 0 Iterate over the pedigree to assign ancestors lists to fsiethe pedi-
gree (0/1).

set_alleles 0 Assign alleles for use in gene-drop simulations (0/1).

set_generations 0 Iterate over the pedigree to infer generations (0/1).

set_offspring 0 Assigns offspring to their parent(s)’s unknown sex offspgriist.

set_sexes 0 Iterate over the pedigree to assign sexes to all animalserp#uigree
(0/2).

simulate_fs 0 Flag indicating whether or not full-sib matings are allowed

simulate_g 3 Number of distinct generations in the simulated pedigree.

simulate_ir 0.0 Immigration rate, the rate at which new founders with unkn@arents
enter the population.

simulate_mp 0 Flag indicating whether or not simulated animals may hawesmg par-
ents.

simulate_n 15 Total number of animals in simulated pedigree, includingiders.

simulate_nd 4 Number of initial founder dams in pedigree.

simulate ns 4 Number of initial founder sires in pedigree.

simulate pedigree 0 Option to simulate a pedigree rather that load one from a Aileother

simulation-related variables are ignored when this is ot 1.

continued on next page
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Option Default | Note(s)

simulate_pmd | 100 Maximum number of draws allowed when trying to sample parémat
comply with all restrictions.

simulate po 0 Flag indicating whether or not parent-offspring matings altowed.

simulate save | 0 Flag indicating whether or not the simulated pedigree ghbel written
to afile after it is created.

simulate_sr 0.5 Sex ratio in simulated pedigree; j 0.5 gives more femalesh¢gives
more males.

slow_reorder | 1 Option to override the slow, but more correct, reorderingtie used
by PyPedal by default (0/1). ONLY CHANGE THIS IF YOU REALLY
UNDERSTAND WHAT IT DOES! Careless use of this option can lead
to erroneous results.

3.4.1 Configuration Files

The Dictdlnimodulelit t p: / / cheeseshop. pyt hon. or g/ pypi / Di ct 41 ni / 0. 4)is used to process config-
uration files, and in included with the distribution so thatiydo not need to download and install it. Dict4Ini objects
can be addressed as though they are standard Python di@gnahich made it very easy to add configuration file

support to PyPedal. Configuration files consist of sinksgword = valugpairs on separate lingsand may include
comments.

# new_options.ini

# This is an exanple of a PyPedal configuration file.
pedfile = new_| acy. ped

pedf ormat = asd

pednane = Lacy Pedi gree

If neither an options dictionary nor a configuration file naimerovidedpyp newcl asses. | oadPedi gr ee()
will try and load the file namedypedal.ini’.

3.5 Pedigree Files

Pedigree files consist of plain-text files (also known as ASCHlatfiles) whose rows contain records on individual
animals and whose columns contain different variables. cidi@émns are delimited (separated from one another) by

some character such as a space or a\tgbPedigree files may also contain comments (notes) abeuytetigree that

are ignored by PyPedal; comments always begin with an aatp#h(#). For example, the following pedigree contains

records for 13 animals, and each record contains threeblasganimal ID, sire ID, and dam ID):

Iplease note that the Dict4Ini documentation referrs td@est Sections are very commonly used in configuration fbes PyPedal does not

use them.
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# This pedigree is taken from Boichard et al. (1997).
# Each records contains an animal ID, a sire ID, and
# a dam | D.

100

200

300

400

523

6 00

756

800

912

10 4 5

11 7 8

12 7 8

13 7 8

When this pedigree is processed by PyPedal the commentgrayeed. If you need to change the default column
delimiter , which is a space (' '), set theepcharoption to the desired value. For example, if your columns are
tab-delimited you would set the option as:

options[’sepchar’] = "\t’

Options are discussed at length in secfioh PyPedal also provides tools for pedigree simulation, whie discussed
in section3.8. More details about pedigree input may be found in Chafter

3.5.1 Pedigree Format Codes

Pedigree format codes consisting of a string of charactersised to describe the contents of a pedigree file. The
simplest pedigree file that can be read by PyPedal is showreatiee pedigree format for this file &sd A pedigree
format is required for reading a pedigree; there is no défeade used, and PyPedal wil halt with an error if you do
not specify one. You specify the format using an option st&tet at the start of your program:

options[’ pedformat’] = 'asd’

Please note that the format codes are case-sensitive, wigiahs thatd’ is considered to be a different code thai.*
The codes currently recognized by PyPedal are listed ineTaBl

As noted, all pedigrees must contain columns corresportdiagimals, sires, and dams, either in the 'asd’ or "ASD’
formats (it is not recommended that you mix them such as ilD"’AsPedigree codes should be entered in the same
order in which the columns occur in the pedigee file. The dttarahat separates alleles when the 'L’ format code
is used cannot be the same character used to separate catuthagpedigree file. If you do use the same character,
PyPedal will write an error message to the log file and screehhalt. The herd column type simply refers to a
management group identifier, and can correspond to a hedd, fltier, etc.

If you used an earlier version of PyPedal you may have addeedaymee format string, e.g" % asd", to your
pedigree file(s). You no longer need to include that stringdar pedigrees, and if PyPedal sees one while reading a
pedigree file it will ignore it.

Note that if your pedigree file uses strings for animal, sinegl dam IDs (the ASD pedigree format codes) you may
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need to override theissing parentoption, which is 0’ by default. For example, the pedigree file shown in FigePe
usesanimalOto denote unknown parents. Bpti ons[’ mi ssi ng_parent’] = 'ani mal 0’ "is not set before
the pedigree file is loaded missing parents will be treategnamals with unknown parents, rather than as unknown
parents.

Table 3.2: Pedigree format codes.

O
o
o
)

Description

animal ('a’ or 'A' REQUIRED)

sire ('s’ or 'S’ REQUIRED)

dam ('d’ or 'D’ REQUIRED)

birthyear (YYYY)

age

coefficient of inbreeding

generation

herd

alive (1) or dead (0)

name

Pattie’s (1965 generation coefficient

breed

user-defined field (string)

birthdate in "MMDDYYYY” format

sex

animal ID as a string (cannot contagepchar )
sire ID as a string (cannot contaisepchar ’)
dam ID as a string (cannot contamepchar ’)
herd as a string (cannot contagepchar )
alleles (two alleles separated by a non-null character)
indicates a column that should be skipped (one allowed pdigpee)

NMTTOW>XOoOC -0 S —-SQ P00 o0 ®

3.6 Renumbering a Pedigree

Whenever you load a pedigree into PyPedal a list of offspsragtached to the record for each animal in the pedigree
file. If you renumber the pedigree at the time it is loadedrehes no problem. However, if you do not renumber a
pedigree at load time and choose to renumber it later in yessisn you must be careful. The APl documentation
may lead you to believe that

exanpl e. pedi gree = pyp_utils.renunber ()
is the correct way to renumber the pedigree, but that is n@ecb The pedigree should always be numbered as:

exanpl e. kw{ ' renunber’] =1
exanpl e. renunber ()

If you are seeing strange results when trying to cross-eefez offspring to their parents check to make sure that you
have not incorrectly renumbered your pedigree.
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3.6.1 Animal Identification

A detailed explanation of animal identification cross-refees is provided in Sectioh2.

3.7 Logging

PyPedal uses theoggi ng module that is part of the Python standard library to recoehés during pedigree pro-
cessing. Informative messages, as well as warnings antseai@ written to the logfile, which can be found in the
directory from which you ran PyPedal. An example of a log frasuccessful (error-free) run of a program is presented
below:

Fri, 06 May 2005 10:27:22 I NFO Logfil e boichard2.log instanti ated.

Fri, 06 May 2005 10:27:22 | NFO Preprocessi ng boi chard2. ped

Fri, 06 May 2005 10:27:22 I NFO Opening pedigree file

Fri, 06 May 2005 10:27:22 | NFO Pedi gree comment (line 1): # This pedigree is
taken from Boicherd et al. (1997).

Fri, 06 May 2005 10:27:22 I NFO Pedi gree comment (line 2): # It contains two

unrel ated famlies.

Fri, 06 May 2005 10:27:22 WARNI NG Encountered deprecated pedigree format string
(% asdg) on line 3 of the pedigree file.

Fri, 06 May 2005 10:27:22 WARNI NG Reached end-of-line in boichard2. ped after reading
23 lines.

Fri, 06 May 2005 10:27:22 I NFO Closing pedigree file

Fri, 06 May 2005 10:27:22 I NFO Assi gni ng of fspring

Fri, 06 May 2005 10:27:22 I NFO Creating pedi gree netadata object

Fri, 06 May 2005 10:27:22 I NFO Forming A-matrix from pedi gree

Fri, 06 May 2005 10:27:22 I NFO Formed A-matrix from pedigree

The WARNI NGs let you know when something unexpected or unusual has hegpalthough you might argue that
coming to the end of an input file is neither. If you get unexpdcesults from your program make sure that you check
the logfile for details — some subroutines return defaulti®alsuch as -999 when a problem occurs but do not halt
the program. Note that comments found in the pedigree filevaiteen to the log, as are deprecated pedigree format
strings used by earlier versions of PyPedal. When an eraon fivhich PyPedal cannot recover occurs a message
is written to both the screen and the logfile. We can see frarfadowing log that the number of columns in the
pedigree file did not match the number of columns in the pediformat string.

Thu, 04 Aug 2005 15:36:18 | NFO Logfile hartlandclark.log instanti ated.

Thu, 04 Aug 2005 15:36:18 | NFO Preprocessi ng hartl andcl ark. ped

Thu, 04 Aug 2005 15:36:18 | NFO Openi ng pedigree file

Thu, 04 Aug 2005 15:36:18 | NFO Pedi gree comment (line 1): # Pedigree fromvan
Noor dwi j ck and Scharl oo (1981) as presented

Thu, 04 Aug 2005 15:36:18 | NFO Pedi gree comment (line 2): # in Hartl and d ark

(1989), p. 242.

Thu, 04 Aug 2005 15:36:18 ERROR The record on line 3 of file hartlandclark. ped
does not have the same nunber of columms (4) as
the pedigree format string (asd) says that it
should (3). Please check your pedigree file and
the pedigree format string for errors.

There is no sensible “best guess” that PyPedal can make handling this situation, so it halts. There are some cases

22 Chapter 3. High-Level Overview



Simulated Pedigree 0

Figure 3.1: Simulated pedigree using default options

where PyPedal does “guess” how it should proceed in the faambiguity, which is why it is always a good idea to
check forWARNI NGs in your lodfiles.

3.8 Simulating Pedigrees

PyPedal is capable of simulating pedigrees using am afgoiiased on theedi gr ee: : sanpl e method in Matvec
l.lapttp://statistics.unl.edu/faculty/steve/software/ matvec/),althoughthe implementa-
tion in NewPedi gr ee is all original code. A pedigree is simulated when #ierul at e_pedi gr ee flag is set,
and is the only case in whichpedf i | e does not need to be provided to PyPedal. All simulated pedighave the
code ‘asdxg’ and areotrenumbered. The options used to control pedigree simulatie presented in Tab&1

The basic structure of a simulated pedigree is determinegtidyotal number of simulated animatsi (rul at e_n),
founder siresgi mul at e_ns) and damsgi nmul at e_nd), and the number of distinct generations in the pedigree
(si mul at e_g). Populations can be closed or open based on the valsémil at e_i r ; when the immigration
rate is> O that proportion of new animals will be immigrants with urkyn parents. The sex ratio can be altered by
changingsi mul at e_sr ; values< 0.5 will result in more females than males, and valu€8.5 will result in more
males than females. By defauewPedi gr ee. si nul at e produces a three-generation pedigree with 15 animals
descended from 4 founder sires and 4 founder dams (Figlje simulate_mpis a flag indicating whether or not
simulated animals may have missing parents. When missirenfsaare allowed, animals may have no, one, or both
parents unknown. The related paramesénulate pmd specifies the number of times parents should be sampled at
random when trying to satisfy all of the simulation consitai If parents are sampleimulate_pmdtimes without
satisfying the rules in place, both parents are set to ngssiven if missing parents are not permitted. Other cormggai
include allowing/forbidding parent-offspringitnulate_po) and/or full sib §imulate_fs) matings.
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CHAPTER
FOUR

Input and Output

The only legitimate use of a computer is to play games. — Eedearvis

4.1 Overview

Getting data into and out of programs, while extremely int@otto end-users, is often challenging. PyPedal is able
to load pedigrees from, and save them to, from a number ofraifft sources. A list of supported input and output
methods may be found in Tabfel

Table 4.1: PyPedal input and output methods.

Direction | Source Description
Input db Load an ASDx-formatted data from an SQLite
database
fromgraph Load a pedigree from an instance of an XDiGraph ob-
ject (not afile)
gedcomfile Load a pedigree from a GEDCOM 5.5 file
graphfile Load a pedigree from an adjacency list using the
read_adjlist() function from the NetworkX module
simulate Simulate a pedigree rathen that loading it from a file
textstream Load a pedigree from a string contaiing animal records
Output save Save a pedigree with user-specified filenames, pedi-
gree format codes, and separators
savedb Save a pedigree to a database table
savegedcom Save a pedigree to a GEDCOM 5.5 file
savegedcom Save a pedigree to a GENES 1.20 file (DBASE Il for-
mat)
savegraph Save a pedigree to a file as an adjacency list

It has evolved over time that the input methods are impleetenas cases ofpedsource’

NewPedi gr ee: : | oad()

method, while output methods are implemented as

individoadthods of

NewPedi gr ee. While it is quite straightforward to add new methods for igegle output, it is trickier to add new
input sources. The greater difficulty in adding new inputrses is largely attributable to the mysterious workings
of theNewPedi gr ee: : pr epr ocess() method, which walks through input line-by-line to load thetlgree and
perform a number of integrity checks. Once the data are lbade aNewPedi gr ee object itis easy to output them
because there is no need to check the integrity of the pexlagrd relationships among the records in the pedigree. If
you want to implement a new input source the sanity-savingtaao is to get the data into a list that you can pass to
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preprocess();preprocess() canthen walk the list as it would walk through the lines of mouit file.

Database operations are discussed in their own sectior atithof this chapter.

4.2 Input

The process of data input hsa been made as simple as is rbBspassible, but it is ultimately the responsibility of
the user to prepare their data. Most people will load theiadeom a simple text file, with one pedigree entry per
line. A number of pedigree integrity checks are performee&mwthe data are loaded. First, the pedigree format string
(Section3.5.1) is checked for validity and compared to a line of data to meake that the specfied number of colums

of data exist. Once that check is passed individual recarladed and checked one at a time. As individual records
are vvalidated they are added to the pedigree. Duplicatgdsare eliminated, parents that appear in the pedigree but
do not have their own record in the inpur data are added toed@pee, and sexes are checked (animals cannot appear
as both sires and dams). If animal IDs are strings they areduai® get numeric IDs for use in pedigree reordering
and renumbering.

If you used an earlier version of PyPedal you may have addedigpee format string to your pedigree file. You do
not need to include that string in the current version of RigPeand ifpr epr ocess() sees one while reading a
pedigree file it will ignore it. You may include comment liniesyour file as well; they will also be ignored.

4.2.1 Graph Objects

Pedigrees can be represented as a type of mathematicat ohjled a directed graph (digraph; not to be confused
with visualizations of data). Thiet wor kX module provides Python tools for working with digraphs, &hdPedal
provides a convenient way for loading a pedigree from aramst of arlXDi Gr aph object.

exanpl e = pyp_newcl asses. | oadPedi gree(optionsfil e=’ new_networkx.ini’)

ng = pyp_networ k. ped_t o_graph(exanpl e)

options = {}

options[’ pedfile’] = 'dumy’

options[’ pedformat’] = 'asd’

exanpl e2 = pyp_newcl asses. | oadPedi gr ee( opti ons, pedsour ce=" graph’, pedgr aph=ng)
exanpl e2. net adat a. printne()

You can see from the printout of the metadata from the newgpedj exanpl e2’, that the graphng’ was success-
fully converted to &NewPedi gr ee object.

Met adata for Testing frongraph() (dumy)
Records: 13

Uni que Sires: 3

Uni que Dans:

Uni que Gens:

Uni que Years:
Uni que Founders:
Uni que Herds:
Pedi gr ee Code: asd

SR IS N

When considering the utility of such tools it might be helpifu recall that PyPedal was written by and for use in
scientific research. Perhaps that will allow the author téobgiven a multitude of sins.
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4.2.2 GEDCOM Files

A thorough description of support for GEDCOM files may be fdum AppendixB.

4.2.3 GENES Files

A thorough description of support for GENES files may be foimAppendixC.

4.2.4 TextFiles

Most users will load their pedigrees from simple text files @ example, consider a large dog pedigree, an excerpt
of which is presented below.

# dogl D, f at her | D, not her | D, gender, born
64 66 67 2 1979

63 64 65 1 1982

62 191 195 2 1982

61 64 65 2 1982

This pedigree can be loaded using this short program:

options = {}

options[’ pedfile’] = ’'dog.ped

options[’ pednanme’] = 'A Large Dog Pedi gree’
options[’ pedformat’] = ’asdgb’

if name_ =="'_ main__':

test = pyp_newcl asses. | oadPedi gr ee(opti ons)

There are numerous examples of loading pedigrees from tesitfiroughout this manual.

4.2.5 Text Streams

There are some use cases, such as web services, for whicly herdesirable to load pedigrees from strings rather
than from files. This is done by passing thedsour ce keyword topyp_newcl asses. | oadPedi gr ee with a
value of t ext st r eam, along with a string nameddedst r eant:

options = {}
options[’ pedfile’ ] ="’

options[’ nessages’] = 'verbose’
options[’ pedformat’] = 'ASD
if name_ =="_ min__"

pedstream = ' al, s1, d1\ na2, s2,d2\ na3, al, a2\ n’
test = pyp_newcl asses. | oadPedi gree(opti ons, pedsource="textstreamn , pedstreanmpedstrean)

Only ASD-formatted pedigrees can be loaded this way, indial IDs are separated with commas, and successive
records are separated by newlines. These restrictionsaacedoded into thé&NewPedi gr ee: : | oad() method.
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All records must contain a newline, including the last retiorthe string! You must also set thpeédf i | e’ option to
some value, even if that value is just an empty string as irexaenple.

The expected use case is that the pedigree would be retfierach database, and the result set from the SQL query
converted into a string. There is an upper bound on the sipedifyree that can be loaded from a stream based on the
physical memory available on your platform, and extrematgé pedigrees should be loaded from a text file.

4.3 Output

4.3.1 GEDCOM Files

A thorough description of GEDCOM file exportation may be fdum AppendixB.

4.3.2 GENES Files

A thorough description of GENES file exportation may be foiméppendixC.

4.3.3 Graph Objects

The NewPedi gr ee: : savegr aph() save a pedigree to a file as an adjacency list, which is a coryrused
format for describing digraphs. If the pedigree has alrelaglgn converted to a digraph pass it usingpleegraph
argument; otherwise, the method will call the appropriateverter:

test. savegraph(pedoutfile="test.adj’)

The file 't est . adj " has the following comments:

sqlite. py

GMI' Tue Mar 4 20:38:52 2008
Text Stream

5

~NOoO O~ WNE H H R
NN 0o

This example demonstrates that there can be a consideoalef information when going from a PyPedal pedigree
to some other way of representing the pedigree, such as a.grap

4.3.4 TextFiles

TheNewPedi gr ee: : save() method writes a PyPedal pedigree to a user-specified filalmasa pedigree format
string and optional column separator provided by the usgrdé&ault, the pedformat isasd’ and the sepcharis * .
Any attribute of aNewAni mal object can be written to an output file.
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NewPedi gr ee: : save() tries never to overwrite your data. If you do not pass a fileeamgument a file whose
name is derived from, but not the same as, the original pedifitename will be used. The stringsaved’ will be
appended to the filename in order to distinguish it from thgioal pedigree file.

There are a few points that you need to be aware of when iNémdPedi gr ee: : save() . First, you may use any
column separator you choose but the empty strggpchar ="’ ); if you try and do this the sepchar will be changed
to the global default (currently * '), and a message writternhte log. That means that there is no way for you to run
all of the columns in your pedigree file together such thay ttennot easily be separated. Sorry. You can use anoy
other string you like to separate your columns (spacesneod) and tabs have been tested).It IS possible to write an
incomplete pedigree file, that is, a file which does not ineladimal, sire, and dam information. PyPedal checks the
pedformat to see if it contains eitheasd’ or’ ASD and warns you if it does not, but it will happily write the file
you tell it to. The burden is on you, the user, to make sureybat output file contains all of the information you
want. Finally, you can write whatever attribute you like thishever column you like in the output file. For the sake
of your sanity | strongly recommend that you always placeahienal, sire, and dam IDs in the first three columns,
but you're an adult and may do what you like.

Maybe a couple of examples will help clear that up. Here'ssih@plest case, taking defaults:

test.save(’' test_save_asd. ped’)

gets you the result:

test _save_asd. ped created by PyPedal at Tue Sep 28 16:39:36 2010
Current pedi gree netadata:

pedigree file: test_save_asd. ped

pedi gree nane: Untitled

pedi gree format: asd

NOTE: Animal, sire, and dam|Ds are RENUMBERED | Ds, not original |Ds!
Original pedi gree netadata:

pedigree file: ../simulated_pedi gree. ped

pedi gree nane: Untitled

pedi gree format: asdxg

OBWONEFE # HHHHHFHFHHHR

[cNeoNoNoNe)
[cNeoNoNoNe)

21 19 10
22 9 12
23 1 10
24 1 21
25 13 8

Note the friendly header to tell you what you've got and frotnene it came. The note about renumbere IDs is par-
ticularly important — if thepedi gr ee_i s_r enunber ed flag is set then you will get this message to alert you that
comparing this file against your original source file may gieaflicting results. Well, they're not really conflicting,
but if you compare renumbered with not-renumbered IDs the pay assume there’s some kind of problem when
really there is not. Original and renumbered pedigrees athematically equivalent assuming that there were no
errors in the original file that were corrected by PyPedaltithat reassuring? From here on out | will not show the
header, and will include only the first five data rows in the filethe sake of brevity (like I've ever let that stop me
before). You can get the same thing as a CSV using the sepchanant:
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test.save(’' test_save_asd _csv.ped , sepchar=",")

which produces:

abrwdE
©coooo
OO ooo

Sometimes you want to go all the way and dump everything irfiea This is like one of those pizzas with every
variety of cured meat known to food science piled up on togelyeu go:

test.save(’' test_save_conbo_all.ped' , pedformat = 'asdgxbfrnyl epASDLhHU’)
which gives you what you asked for, even if many of the valuesat particularly interesting:

01011900 0.0 Unknown_Breed 7 1900 0 -999 -999.0 7 Unknown_Nane Unknown_Nane
01011900 0.0 Unknown_Breed 6 1900 0 -999 -999.0 6 Unknown_Nane Unknown_Nane
01011900 0.0 Unknown_Breed 5 1900 0 -999 -999.0 5 Unknown_Nane Unknown_Nane
01011900 0.0 Unknown_Breed 3 1900 0 -999 -999.0 3 Unknown_Nane Unknown_Nane
01011900 0.0 Unknown_Breed 2 1900 0 -999 -999.0 2 Unknown_Nane Unknown_Nane

A WN R
coooo
cocoooo
cocoooo
—™333

Okay, | get it. You're like the Nigel Tufnel of Missouri — youamt to see something that goes to 11. | pondered this
for a while. You've read this far and deserve to be rewardeall Sied to think of the most awesomest thing that |
could think of. So here you go, LSU fans, straight from Deadliéy by way of Beltsville, MD:

[ 19000(
[ 19000
[ 19000
[ 19000
[ 19000

test.save(’ test_save_peterson.ped’, pedformat = "asd', sepchar = '...Kneel before Zod!...’

Maybe Patrick Peterson is really into genealogy — you nexmenk— stop looking at me like that! This is a perfectly
cromulent example of the extremes to which the sepchar azgtioan be pushed:

. Kneel before Zod!...
. Kneel before Zod!...
. Kneel before Zod!...
. Kneel before Zod!...
. Kneel before Zod!...

. Kneel before Zod!...
. Kneel before Zod!...
. Kneel before Zod!...
. Kneel before Zod!...
. Kneel before Zod!...

aRwndE
Coo0oo
ocoooo

You're thinking, "My eyes! Why would he do that?!” The sam@sen Zod gave us a little Heisman pose in the end
zone after returning a West Virginia kickoff for 6 — becausmh. (This kind of writing is probably going to get me
in trouble one day, but the boss is out of town and there’s reoh@are to rein-in my behavior!) Wait, though. It gets
better. PyPedal can get all Ourboros on this unholy creation
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# But, wait, can this actually work?

options2 = options

options2[’ pedfile’] "test_save_peterson. ped’
options2[’ sepchar’] "...Kneel before Zod!...’
options2[’ pedformat’] = "asd’

test2 = pyp_newcl asses. | oadPedi gree(opti ons2)

When you run this bit of code you see that it poses no probleall &r PyPedal. Perhaps political dissidents can
communicate secretly by doing strange things veépchar although it's more likely that PhD students will find a
clever way to abuse MS students with it, instead.

[INFO : Logfile untitled_pedigree.log instantiated.
[INFO : Preprocessing test_save_peterson. ped
[INFO : Opening pedigree file test_save_peterson. ped
[INFO : Renunbering pedigree at Wd Sep 29 13:42:05 2010
[INFO : Reordering pedigree at Wed Sep 29 13:42:05 2010
[INFO : Renunbering at Wed Sep 29 13:42:05 2010
[INFO : Updating ID nmap at Wed Sep 29 13:42:05 2010
[INFO : Assigning offspring at Wed Sep 29 13:42: 05 2010
[INFO : Creating pedi gree netadata object
[INFO: Instantiating a new Pedi greeMetadata() object...
[INFO : Naming the Pedigree()...
[INFO: Assigning a filenane...
[INFO : Attaching a pedigree...
[INFO: Setting the pedcode...
[INFO : Counting the nunber of animals in the pedigree...
[INFO : Counting and finding unique sires...
[INFO : Counting and finding uni que danms. ..
[INFO: Setting renunbered flag...
[INFO : Counting and finding uni que generations...
[INFO : Counting and finding unique birthyears...
[INFO : Counting and finding uni que founders...
[INFO : Counting and finding unique herds...
[INFO : Detaching pedigree...
Met adata for Untitled (test_save_peterson. ped)
Recor ds: 25
Uni que Sires:
Uni que Dans:
Uni que Gens:
Uni que Years:
Uni que Founders:
Uni que Herds:
Pedi gr ee Code: asd

[ = W= SN

How’s that for the strangest thing you're likely to see ally@al’'m not suggesting that you seriously use column
separators the way | just did, but this example does showytiiatcan do some unusual things with PyPedal, and
perhaps you will come up with something very useful becatifead flexibility. If nothing else, you now have a greater
appreciation of what you can do with a dynamic language aregtipnable processing of user inputs. Remember,
never trust any data a user gives you. They're a shifty larsis
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4.3.5 Text Streams

NewPedi gr ee: : t ost rean() returns a text stream from an instance MewPedi gr ee object. The text stream
contains an ASD-formatted pedigree as a string in whichviddal IDs are separated by commas and successive
records are separated by newlines.

>>> pedstream = ' al, s1, d1\ na2, s2,d2\ na3, al, a2\ n’

>>> test = pyp_newcl asses. | oadPedi gree(opti ons, pedsource="textstrean , pedstrean=pedstream
>>> pedstrean? = test.tostream()

>>> print pedstrean?

'd1, 0, 0\ nd2, 0, 0\ ns1, 0, 0\ ns2, 0, 0\ na2, s2, d2\ nal, s1, d1\ na3, al, a2\ n’

Note that in this example the input and output text strearfisrdiecause the input stream did not include pedigree
entries for all animals in the pedigree (for example, sg#’). Recall that PyPedal adds missing entries for parents
when the pedigree is loaded.

4.4 Databases

PyPedal is able to load pedigrees from, and save them te tambasedvlySQL, PostgresandSQLite PyPedal
uses theADOdb for Pythondatabase abstraction tool, which is distributed with PyPéaltalk to these databases.
Additional databases are supported by ADOdb and requirg orihor changes to the connection strings in the
connect ToDat abase function in thepyp_db module in order to work with PyPedal as well.

A list of the database-related keywords may be found in Talile

Table 4.2: Database parameters.

Parameter Default Description

databasedebug | False Toggle debugging messages in the database module on
and off.

databasehost 'localhost’ The server on which the database is running.

databasename | 'pypedal’ The name of the database to be used.

databasepasswd| 'anonymous’ The password needed to connect to your database.

databaseport ” The port on which your databse is listening for con-
nections (needed only for Postgres).

databasetable filetag’ (See: Ta-| The name of the database table to which the current

ble3.1) pedigree will be written.

databasetype 'sqlite’ The type of database you are using
(‘'mysqgl'—'postgres'—'sqlite’).

databaseuser ‘anonymous’ The name of a user with access rights to your database.

4.4.1 Input from Databases

PyPedal can load ASDx-formatted pedigrees from an SQLitabd&e usinggedsour ce=" db’ '. The pedigree
will be loaded from the database and table specified i#tiabasenameanddbtable_namevariables. Consider the
following example:
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http://sqlite.org/
http://phplens.com/lens/adodb/adodb-py-docs.htm

test = pyp_newcl asses. | oadPedi gree(opti ons, pedsource="db’)
test. netadata. printne()

This produces the output:

Met adata for DB Stream ()
Recor ds:
Uni que Sires:
Uni que Dans:
Uni que Gens:
Uni que Years:
Uni que Founders:
Uni que Herds:
Pedi gree Code: ASDx

[ N N S N

Note that user-supplied values of the pedigree formatgstriitl be over-written by théd oad() method and do not
affect database processing. Database importation isdwaidd to accept only pedigrees in that format.

Itis possible to load pedigrees from a databse with a foriff@rdnt than that exected by PyPedal, but it requires that
you make changes to tiewPedi gr ee class’sl oad method. Consider the database-loading code that is loeated
about line 250 opyp_newcl asses. py:

251 elif pedsource == 'db":

252 sel f.kw ' pedformat’] = ' ASDx’

253 sel f.kw 'sepchar’'] =","’

259 try:

260 # Connect to the database

261 i f pyp_db. doesTabl eExi st (sel f):

262 conn = pyp_db. connect ToDat abase(sel )

263 if conn:

264 sql = ' SELECT * FROM %’ % ( sel f.kw ' database_table'] )
265 dbstream = conn. Get Al | (sql)

In order to load data from your own database you must chargedligree format string on line 252 to match the
pedigree you want to load (see Talde for a list of pedigree format codes). You then need to chahgeSQL
statement on line 264 to match the column names in your dseadad the order of fields in your pedigree format
string. The animal, sire, and dam IDs, respectively, shaliihys be the first three columns in your records. The
query results are stored as a list of tupleslbstreamand will be unpacked in thpr epr ocess method ¢f. line
864).

Please note that while I will try and answer questions abwititay in which PyPedal handles loading pedigrees from
databases, | cannot answer detailed questions about dasatsawhich | do not ave access. You should carefully test
your custom queries in SQL to ensure that they are workingectly before adding them to PyPedal. Also, please
check your pedigree format string to make sure that it matgioerr query.

4.4.2 Output to Databases

PyPedal can write NewPedi gree pedigrees to ASDx-formatted SQLite tables wusing the
NewPedi gr ee: : savedb() method. The following program will result in the creation aftable named
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‘t est _save’inthe databaset'est _pypedal _save’.

test. kw ' dat abase_nane’] = ’'test_pypedal _save’
test.kw ' dbtable_nane’'] = 'test_save’
test. savedb()

The pedigree is saved to the database and table specified dathbasenameanddbtable_namevariables. If the
specified table already exists then the records from theentipedigree will be added to the table. If you want to
overwrite the existing database then you need to phssp=Tr ue’ in the call to methodsavedb:

t est. savedb(dr op=True)

While this may strike some users as unexpected behaviorhiased on the idea that you should never lose data
unexpectedly. If you use only the defaults you will neverelatata. However, if you try and save a renumbered
pedigree on top of another renumbered pedigree you will mtm problems because animal IDs are used as primary
keys, and you will have constraint violations.

It is possible to save pedigrees to a databse with a formfreift than that exected by PyPedal, but it is a little
harder than changeing pedigree input. Changing the owple tequires that you change thewPedi gr ee class’s
savesb method. Consider the code that begins on or about line 58§ pf newcl asses. py in savesb:

591 sql = 'create table % ( \

592 ani mal Name  varchar (128) primary key, \
593 si reName var char (128), \

594 danmNane var char (128), \

595 sex char (1) \

596 );" % ( self.kw’'database_table'] )

You need to rewrite this statement to add or remove colunims; QL for a tavble that includes all fields in a
NewAni mal object may be found in ther eat ePedi gr eeTabl e function of thepyp_db nodul e. Note that
not every field in &NewAni mal object has a corresponding pedigree format code. Conshillé Bb. 1for appropriate
codes.

Once you've updated the SQL used to create your custom pedigble you will also need to change the code which
prepares the input for writing to the database. This codetiad on or about about line 617 smvesb:

617 sql = "INSERT INTO % ( ani mal Nane, sireNanme, danNane, sex ) VALUES ('%', '%’, ' %’

Note that you will need to make appropriate casts yourselfekample, you will want to cast things that are stored as
integers or reals to make sure that you don’t violate a colaomstraint. You must enclose strings in single-quotation
marks (") yourself.

By default PyPedal saves pedigreesASD format. If you want to save your pedigree iasd’ format then you will
need to change the code on or about line 610 from:

610 an = p.nane
611 si = p.sireNane
612 da = p.danmNane
to:
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610 an
611 si
612 da

p. ani mal | D
p.sirelD
p. dam D

It is better to add a new method supporting your output fortndewAni nal rather than changing theavedb
method.
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CHAPTER
FIVE

Working with Pedigrees

Are you quite sure that all those bells and whistles, all¢hwsnderful facilities of your so called powerful
programming languages, belong to the solution set rattzer tire problem set? — Edsger Dijkstra

5.1 Overview

In Chapterd tou learned how to get your pedigree data loaded into PyP&ta chapter will show you what you can
do with the pedigree once it is loaded. The examples in theptEr assumes that you are working with a reordered

and renumbered pedigree (see Sectidrfor additional details).

In order to get the most out of your pedigrees you need to \staled the basic structure of a PyPedal pedigree, which
consists of two components: the pedigree itself, which mposed of a list oNewAni mal objects, and metadata,

which is data about the animals contained in the pedigreeneSmalculations are performed on the animal records
directly, while others use the metadata, or some combinatithe two. The fundamental goal of PyPedal is to provide

the user with tools for asking questions about their pedigire

The following discussion will use the following pedigre&ea from Boichard et al.1(997):
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pedf or nat :

Many of the subsequent code snippets are taken fronmine ‘net hods. py’ example program (see: Appendiy).
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5.2 Inbreeding and Relationships

The
inbr = pyp_nrm i nbreedi ng(exanpl e)
print "inbr: ',
>>> jnbr: {
"fx': {1. 0.0, 2: 0.0, 3: 0.0, 4: 0.0, 5: 0.0, 6: 0.0, 7: 0.0,
8: 0.0, 9: 0.0, 10: 0.0, 11: 0.0, 12: 0.0, 13: 0.0, 14: 0.0},
"metadata’: {
"nonzero' : {"f_max’: 0.0, 'f_avg': 0.0, "f_rng': 0.0,
"f_sumi: 0.0, 'f_mn: 0.0, "f_count’: 0},
“all’: {"f_max’: 0.0, 'f_avg’: 0.0, "f_rng’: 0.0, 'f_sum: 0.0,
f_mn 0.0, 'f_count’: 14}
}
}

dictionary returned by nbr eedi ng() contains two dictionaries:f X’ contains coefficients of inbreeding keyes
to animal IDs, andrtet adat a’ contains summary information about the coefficients ofr@daling in the pedigree.
‘met adat a’ also contains two dictionariesnbnzer 0’ contains summary statostics only for animals with nonezer
coefficients of inbreeding, anal | ’ contains statistics for all animals.

Relationship metadata, similar to the inbreeding metadataribed above but for coefficients of relationship, are
available but not calculated by default.

inbr,reln = pyp_nrm i nbreedi ng(exanpl e, rel s=1)

print 'reln: ', reln

>>> reln: {’r_nonzero_count’: 10, ’'r_nonzero_avg’': 0.40000000000000002
r_mn': 0.25, 'r_sum: 4.0, 'r_avg' : 0.19047619047619047, 'r_max’': 0.5,

r_count’: 21, 'r_rng’: 0.25}

The dictionary of relationship metadata returnedi mbr eedi ng() also contains statistics for zero and non-zero
coefficients of relationship. On the example presented @by pedigree contains

Relationship metadata are not guaranteed to be correct imetrhod = ' vanr aden’ ’is used. This is because
i nbr eedi ng_vanr aden() uses a speed-up when there are full-sibs in the pedigre®id mpeating calculations.
The metadata should be reasonably accurate for pedigréefewi or no full-sibs. The summary statistics will not be
very accurate in the case of pedigrees that contain lotslleifus.

The relationship metadata do not include individual pasevielationships. In order to associate those with your
pedigree you must createNewAMat r i x object, form the numerator relationship matrix (NRM), anieh it to the
pedigree:

options = {}

exanpl e = pyp_newcl asses. | oadPedi gr ee( opti ons)
exanpl e. nrm = pyp_newcl asses. NewAMat ri x( exanpl e. kw)
exanpl e.nrm form a_matri x( exanpl e. pedi gree)

If you know when you load the pedigree file that you want to glalte and store the NRM you can save a little typing
by setting thef or m_nr ni option:
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options = {}
options[’formnrm] =1

exanpl e = pyp_newcl asses. | oadPedi gr ee( opti ons)

If you want to inspect the NRM you can usexanpl e. nr m pri nt me() 'to print the matrix to the screen, which
is probably not a particularly good idea for large matrices.

[[ 1. 0. 0. 0. 0.5 0. 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0. 25]
[ O. 1. 0. 0. 0.5 0. 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0. 25]
[ O. 0. 1. 0. 0. 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0. 25]
[ O. 0. 0. 1. 0. 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0. 25]
[ 0.5 0.5 O. 0. 1. 0. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5]
[ O. 0. 0.5 0.5 0. 1. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5]
[ 0.25 0.25 0.25 0.25 0.5 0.5 1. 0.5 0.5 0.5 0.5 0.5 0.5 0.5]
[ 0.25 0.25 0.25 0.25 0.5 0.5 0.5 1. 0.5 0.5 0.5 0.5 0.5 0.5]
[ 0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 1. 0.5 0.5 0.5 0.5 0.5]
[ 0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 0.5 1. 0.5 0.5 0.5 0.5]
[ 0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.5 1. 0.5 0.5 0.5]
[ 0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1. 0.5 0.5]
[ 0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1. 0.5 ]
[ 0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1. 1]

If you want to get the pairwise relationship between two aigyou need to use their renumbered IDs and subtract 1
(because the array is zero-indexed). For example, if youedhine coeffient of relationship between animals 2 and 5
(an individual and its sire) you would use the indicésand ‘4’:

print exanple.nrmnrnf1][4]
>>> 0.5

The NRM is symmetric, which means that‘ni 1] [ 4] and ‘nr n{ 4] [ 1] ' are identical.

print exanple.nrmnrnf1][4]
>>> 0.5

print exanple.nrmnrn{5][1]
>>> 0.5

You can also easily save the NRM to a file for future reference:

exanpl e.nrm save(’ Amatri x. txt’)

If you're from Missouri you can verify that the contents éftat ri x. t xt ' are:
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Information on the endianess and precision of the data iarttasy are lost, so this is not a good way to archive data or
move data between machines with different endianess. Tlaeada always written in C (row major) order. For better
performance you can set ther'm f or nat * option to ‘bi nar y’, which will use a binary file formt.

Finally, if you're going to work on the exact same pedigraedgou can loadAmat ri x. t xt * and avoid having to
recalculate the NRM entirely:

exanpl e. nrn2 = pyp_newcl asses. NewAMat ri x( exanpl e. kw)
exanpl e. nrn2. l oad(’ Amatri x.txt')
exanpl e. nrnR. print me()

Since we've loadedAmat ri x. t xt ’ into a second NRM (ir n2’) attached to our pedigree it's straightforward, if
tedious, to verify that the two NRM contain the same values.

5.3 Matings

There are a number of questions you might wish to ask thalvevoatings, such as, “What is the minimum-inbreeding
mating among this set of individuals?”. Several routinegyp_netri cs.

Suppose you were considering a mating between animals &xiapland 14 (index 13), which is a sire-daughter
mating. How would you go about this? You simply gayip_rnet ri cs. mati ng_coi () :

print "\tCalling mating_coi () at %' % ( pyp_nice_tine() )

f = pyp_netrics. mating_coi (exanpl e. pedi gree[ 4] . ani mal | D,
exanpl e. pedi gree[ 13] . ani nal | D, exanpl e, 1)

print f

which produces the output:

Calling mating_coi() at Wed Mar 5 11:31:30 2008
0. 25

We don't need PyPedal to tell us the coefficient of inbreedihguch a simple mating, but the calculations can
be complex for more complicated cases. While you can do alhefhecessary computations “by hang¥p_-
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nmetrics. mating_coi () takes care of that for you by adding a new dummy animal to thigpee with the
proposed parents, calculating the coefficient of inbregdiithat mating, deleting the dummy animal from the pedi-
gree, and returning the coefficient of inbreeding.

PyPedal takes things one step further, allowing you to watk groups of proposed matings at one time ugyg_-
nmetrics. mati ng_coi _group() . Internally it works similarly topyp_netri cs. mati ng_coi (), although
instead of passing a pair of parents you pass a list of prapostings. The matings are of the forspar ent 1> -
<par ent 2>’. Here's an example in which we are going to consider theofeihg three matings: 1 with 5, 1 with 14,
and 5 with 14. Note how the matings are formed and appendéetont i ngs’ list in one step.

matings = []

mat i ngs. append(’ %_9%’' % exanpl e. pedi gree[ 0] . ani nal | D, exanpl e. pedi gree[ 4] . ani mal | D))
mat i ngs. append(’ %_%’ % exanpl e. pedi gree[ 0] . ani mal | D, exanpl e. pedi gree[ 13] . ani nal I D))
mat i ngs. append(’ %_%’ % exanpl e. pedi gree[ 4] . ani mal | D, exanpl e. pedi gree[ 13] . ani nal I D))
fgrp = pyp_netrics. mating_coi _group(matings, exanpl e)

print "fgrp: ', fgrp[’ matings’]

That code produces a list of the proposed matings with aastsaticoefficients of inbreeding. In addition to the
‘mat i ngs’ dictionary, the f gr p’ dictionary also contains a dictionary namatket adat a’ which contains sum-
mary statistics about the proposed matings.

fgrp: {"1.5: 0.25 '5 14 : 0.25 ’'1 14’: 0.125}

5.4 Relatives

PyPedal provides a number of tools for extracting informratbout relatives from a pedigree. Examples include:
obtaining lists of the ancestors of an animal, getting lkistancestors shared in common by a pair of animals, listing
the descendants of an individual, the calculation of thatagdyenetic relationship between a given pair of animals,
and the creation of “subpedigrees” containing only spettifieimals.

It is easy to obtain a list of an animal’s relatives uspyp_netri cs. rel at ed_ani mal s():

list_a
list_b

pyp_netrics. rel at ed_ani mal s(exanpl e. pedi gree[ 6] . ani nal | D, exanpl e)
pyp_netrics.rel ated_ani nal s(exanpl e. pedi gree[ 13] . ani nal | D, exanpl e)

produces a list of each animal’s relatives:

[5, 1, 2]
[14, 5, 1, 2, 6, 3, 4]

pyp_netrics. cormon_ancest or s() is used to get a list of the common ancestors of two animajsaisenals
‘5" and ‘14’ (remember that this pedigree is renumbered, and that Pyfists are indexed from 0, so we need to
offset the animal IDs by 1 to get the correct animal IDs).
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list_r = pyp_netrics.comon_ancest or s( exanpl e. pedi gree[ 4] . ani mal | D, exanpl e. pedi gree[ 13] .

mal | D, exanpl e)
print list_r

Results are returned as lists:
[1, 2, 5]

If you've already obtained ancestor lists for a given paianfmals in which you're interested you can also obtain a
list of common ancestors using Python sets, which avoidepaing calcualtions more than needed:

>>> set _a = set(list_a)

>>> set _b = set(list_b)

>>> set _c = set_a.intersection(set_b)
>>> set_c

set([1, 2, 5])

>>> |ist_c = list(set_c)

>>> |ist _c

[1, 2, 5]

A list of descendants can be obtained by callryyp_netri cs. descendant s() , which returns a dictionary:

>>> pyp_netrics. descendant s(5, exanpl e, {})
{7. 7, 8 8, 9: 9, 10: 10, 11: 11, 12: 12, 13: 13, 14: 14}

However, it is improtant to note that you will not get the aeswou expect unless you have either set the option
‘set _offspring = 1’ orcalledpyp_utils. assi gn_offspring() after loading the pedigree. There is
also a convenience functiopyp_netri cs. f ounder _descendant s(), for handling the special case of ob-
taining descendants of all of the founders in the pedigree:

>>> pyp_netrics. f ounder _descendant s(exanpl e)

{1. {5: 5, 7: 7, 8 8, 9: 9, 10: 10, 11: 11, 12: 12, 13: 13, 14: 14},
2: {5: 5, 7. 7, 8 8, 9: 9, 10: 10, 11: 11, 12: 12, 13: 13, 14: 14},
3: {6: 6, 7: 7, 8 8, 9: 9, 10: 10, 11: 11, 12: 12, 13: 13, 14: 14},
4. {6: 6, 7: 7, 8 8, 9: 9, 10: 10, 11: 11, 12: 12, 13: 13, 14: 14}}

5.5 Decomposition and Direct Inverses of Numerator Relationship Matri-
ces

PyPedal provides routines in tipyyp_nr mmodule for decomposing and forming direct inverses of natwerela-
tionship matrices (NRM). The NRM4, may be written agl = T'DT", whereT is a lower triangular matrix anf) is a
diagonal matrix Henderson 1976r'hompson 197) T traces the flow of genes from one generation to another, while
D provides varianced and covariances of Mendelian sampMrgde (1996 presents a more detailed discussion of
this decomposition. The examples in this section all useptitigree presented in Table 2.1 of that work, which is
contained in the fileéxanpl es/ new_deconpose. ped’:
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Pedi gree from Table 2.1 of
M ode (1996)
0

OO0 WNPRFE HH
ah~hpRFPPEFL OO
NwWONO

The results presented below may be obtained by runningién ‘deconpose. py’ example program. Thpyp_-
nrm a_deconpose() function takes as its argument a pedigree object and retbmsatrices!” and D. The
code

print 'Calling a_deconpose()’

print

D, T = pyp_nrm a_deconpose(exanpl e)
print 'D: ', D

print

print "T: ', T

produces identical answers to those presented by Mrb@le (note that outputs may have been reformatted slightly
to improve readability).

Calling a_deconpose()

D [[ 1. 0. 0. 0. 0. 0. ]
[ o. 1. 0. 0. 0 0. ]
[ 0 0. 0.5 0. 0 0. ]
[ 0 0. 0 0.75 0. 0. ]
[ 0 0. 0 0. 0.5 0. ]
[ 0 0. 0 0 0 0. 46875] ]
T [[1 0 0. 0 0 0. 1
[ o. 1. 0. 0. 0. 0. ]
[ 0.5 0.5 1. 0. 0. 0. ]
[ 0.5 O 0. 1. 0. 0. ]
[ 05 0.25 0.5 0.5 1. 0. ]
[ 0.25 0.625 0.25 0.25 0.5 1. ]]

It is not generally feasible to directly compute the inverde!, of large NRM. However, it is possible to formulate
simple rules for computing the inverse directly from. Hersda (L976) presented a simple procedure for calculating
A~1 without accounting for inbreeding taking advantage of thet thatA—* = (7-!)D~!T~!, which is imple-
mented apyp_nrm formd_nof ():

print 'Calling a_inverse_dnf()’

print
Ainv = pyp_nrm a_i nverse_dnf (exanpl e)
print "Ainv: ', Ainv

producesd ! without accounting for inbreeding in the pedigree:
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Calling a_inverse_dnf ()

Ainv: [[ 1.83333333 0.5 -1, -0. 66666667 0. 0. ]
[ 0.5 2. -1, 0. 0.5 - 1. ]
[-1. -1, 2.5 0.5 - 1. 0. ]
[-0.66666667 O. 0.5 1. 83333333 - 1. 0. ]
[ o. 0.5 - 1. -1, 2.5 - 1. ]
[ o. -1, 0. 0. - 1. 2. 11

Quaas (976 built on Henderson'’s earlier work by providing an algonitlior the computation oA~ accounting for
inbreeding, which is implemented as the functpyp_nrm a_i nverse_df ().

print "Calling a_inverse_df()’

print
Ainv = pyp_nrm a_i nverse_df (exanpl e)
print "Ainv: ', Anv

You will note that the numbers in this matric are slightlyfdient from those in the previous example. Those differ-
ences are due to the inbreeding in the pedigree, which wasocounted for by_i nver se_dnf () .

Calling a_inverse_df()

Ainv: [[ 1.83333333 0.5 - 1. -0. 66666667 0. 0. ]
[ 0.5 2.03333333 - 1. 0. 0. 53333333 - 1. 06666667]
[-1. - 1. 2.5 0.5 - 1. 0. ]
[-0.66666667 O. 0.5 1.83333333 - 1. 0. ]
[ o. 0.53333333 - 1. - 1. 2.53333333 - 1. 06666667]
[ o. -1. 06666667 0. 0. -1. 06666667 2.13333333]]

The correctness of the results from can be verified by usingedmear algebra to compute™ directly:

print "Calculating Ainv fromD and T
print ’
| = exanpl e. met adat a. num r ecor ds
Tinv = nunpy.linalg.inv(T)

print "Tinv: ', Tinv

Tpinv = nunpy.linalg.inv(T.T)
print 'Tpinv: ', Tpinv

Dinv = nunpy.linalg.inv(D)
print "Dinv: ', Dinv

Ai nvhal f = nunpy. dot ( Tpi nv, Di nv)
Ai nv = nunpy. dot (Al nvhal f, Ti nv)
print "Ainv: ', A nv

The output includes several intermediate matrices that baen verified against Mrode’s bodiiode 1996.
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Calculating Ainv fromD and T

Tinv: [[ 1. 0. 0. 0. 0. 0. ]
[ O. 1. 0. 0. 0. 0. ]
[-0.5 -0.5 1. 0. 0. 0. ]
[-0.5 O. 0. 1. 0. 0. ]
[ O. 0. -0.5-0.5 1. 0. ]
[ 0. -0.5 0. 0. -0.5 1. 1]

Tpinv: [[ 1 0. -0.5-0.5 0. 0. ]

[ O. 1. -0.5 0. 0. -0.5]
[ O. 0. 1. 0. -0.5 0. ]
[ O. 0. 0. 1. -0.5 0. ]
[ O. 0. 0. 0. 1. -0.5]
[ O. 0. 0. 0. 0. 1. 1]

Di nv [[ 1 0. 0 0 0 0 ]
[ O 1. 0 0 0 0. ]
[ O 0. 2 0. 0 0. ]
[ O 0. 0 1.33333333 0 0. ]
[ O 0. 0 0 2 0. ]
[ O 0. 0 0 0 2.13333333] ]

Al nv [[ 1.83333333 0.5 -1. -0.66666667 O. 0. ]
[ 0.5 2.03333333 -1 0. 0. 53333333 -1.06666667]
[-1. -1. 2.5 0.5 -1. 0. ]
[-0.66666667 O. 0.5 1.83333333 -1. 0. ]
[ O 0. 53333333 -1. -1. 2.53333333 -1.06666667]
[ O -1. 06666667 O. 0. -1. 06666667 2.13333333]]

The functionpyp_nrm f or m d_nof () is provided as a convenience function. The formibfs the same when
calculatingA—! regardless of the forri’ takes (i.e., accounts for inbreeding or not). The code

print "Calling formd_nof ()’

print ’
D = pyp_nrmform.d_nof (exanpl e)
print 'D: ', D

produces the result

Calling formd_nof ()

D [[ 1. 0. 0. 0. 0. 0. ]
[ o. 1. 0. 0. 0 0. ]
[ o. 0. 0.5 0. 0 0. ]
[ o. 0. 0. 0.75 O. 0. ]
[ o. 0. 0. 0. 0.5 0. ]
[ o. 0. 0. 0. 0 0.5 1]

which may be verified against the valuesiofpresented above.
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CHAPTER
SIX

Using PyPedal Objects

In every chaotic behaviour, there lies a pattern. — JeanuicRousseau

In this chapter, a detailed explanation of each PyPeda dgmesented, including attributes and methods.

6.1 Animal Objects

Three types of animal object are provided in PyPefdl.(). Users will typically work with instances ddewAni nal
objects, whileLi ght Ani nmal (6.1.2 andSi mAni nal (6.1.3 objects are of interest primarily to developers. De-
tailed descriptions of each class and class method may el fouthe APl Reference for theyp_newcl asses
module (Sectior??).

6.1.1 The NewAnimal Class

Table 6.1: Attributes oNewAni mal objects.
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Attribute

Default

Integral IDs ( asd’ )

String IDs ( ASD' )

Description

age

alive

alleles
ancestor

animallD

bd
breed

by

damID

damName
daus

-999

animal ID

m ssi ng_bdat e
m ssi ng_breed
m ssi ng_byear

dam ID

dam ID
{}

-999

animal ID+— integer

m ssi ng_bdat e
m ssi ng_breed
m ssi ng_byear

dam ID+ integer

dam ID
{}

The animal's age based on the global
BASE_DEMOGRAPHI C_YEAR defined in
pyp_denog. If the by is unknown, the in-
ferred generation is used. If the inferred gen-
eration is unknown, the age is set to -999.
Flag indicating whether or not the animal is
alive:’ 0’ =dead, 1' =alive.

Alleles used for gene dropping.

Flag indicating whether or not the animal
has offspring:” 0’ = has no offspring; 1’

= has offspring. The flags are set by calling
pyp_utils.set _ancestor flag()

and passing it a renumbred pedigree.
Animal’s ID. Animal IDs change when a
pedigree is renumbered. IDs must be pro-
vided for all animals in a pedigree file. When
strings are provided for animal IDs using the
ASD pedigree format code they are converted
to integral animal IDs using thet ri ng_ -
to_i nt () method.

The animal’s birthdate iMMDDY'Yformat.
The animal’s breed as a string.

The animal’s birthyear iy YYYformat. De-
fault values set inthis typeface are
PyPedal options which are described in detail
in Section3.4.

Dam’s ID. When strings are provided for an-
imal IDs using theéASD pedigree format code
they are converted to integral animal IDs us-
ingthestring to_int() method.

The name of the animal’s dam.

Dictionary containing all known daughters of
an animal. The keys and values are the animal
IDs for each offspring. When the pedigree is
renumbered, keys are updated to correspond
to the renumbered IDs for each offspring.

continued on next page
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Default

Attribute Integral IDs (asd’) String IDs ( ASD' ) Description

fa 0.0 0.0 The animal’s coefficient of inbreeding.

founder n’ n’ Character indicating whether or not the ani-
mal is a founder (had unknown parentsj’
= not a founder (one or both parents known),
"y’ =founder (parents unknown).

gen -999 -999 Generation to which the animal belongs.

gencoeff -999.0 -999.0 Pattie’s (L965 generation coefficient.

herd m ssi ng_herd+— integer | m ssi ng_her d — integer | The ID of the herd to which the animal be-
longs.

igen -999 -999 Generation inferred by pyp_-
utils.set _generation().

name animal ID animal ID The animal’s name. This attribute is quite
useful inASD pedigrees. and less soa@sd
pedigrees.

originalHerd | herd herd The original herd ID to which an animal be-
longed before the herd was converted from a
string to an integer; most useful with théf
pedigree format code.

originallD animallD animal ID+— integer Original ID assigned to an animal. It will not
change when the pedigree is renumbered.

paddedID ani mal | D integer ani mal | D~ integer The animal ID padded to fifteen digits, with
the birthyear (or 1950 if the birth year is un-
known) prepended. The order of elements
is: birthyear, animallD,count of zeros, zeros.
Used to create alleles for gene dropping.

pedcomp -999.9 -999.9 Pedigree completeness as described in Sec-
tion7.4.8

renumberedID| -999 -999 ID assigned to an animal when the pedigree is
renumbered. The default value indicates that
the pedigree has not been renumbered using
PyPedal.

sex u u The sex of the animal: M = male,” f’ =
female,” u’ = unknown/not provided.

sirelD sire ID sire ID — integer Sire’s ID. When strings are provided for ani-
mal IDs using theéASD pedigree format code
they are converted to integral animal IDs us-
ingthestring to_int() method.

sireName sirelD sirelD The name of the animal’s sire.

sons {} {} Dictionary containing all known sons of an

animal. The keys and values are the animal
IDs for each offspring. When the pedigree is
renumbered, keys are updated to correspond
to the renumbered IDs for each offspring.

continued on next page
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Attribute Default .

Integral IDs (asd’ ) | String IDs ( ASD )
unks {} {} Dictionary containing all offspring of an ani-
mal with unknown sex. The keys and values
are the animal IDs for each offspring. When
the pedigree is renumbered, keys are updated
to correspond to the renumbered IDs for each
offspring.

Description

NewAni mal objects have the seven methods listed in Téabke The methods focus on returning information about
an instance of an object; calculations are left to functians.g., thepyp_netri cs andpyp_nr mmodules.

Table 6.2: Methods dflewAni mal objects.

Method Description

__init__ Initializes a NewAni mal object and returns an instance of a
NewAni mal object.

printme Prints a summary of the data stored iNewAni mal object.

stringme Returns the data stored ifNewt Ani mal object as a string.

dictme Returns the data stored irNewt Ani mal object as a dictionary whose
keys are attribute names and whose values are attributes/alu

trap Checks for common errors iNewt Ani mal objects.

pad_id Takes an animal ID, pads it to fifteen digits, and prependsittiyear.

The order of elements is: birthyear, animallD, count of zemeros. The

padded ID is used for reordering the pedigree withftast _r eor der

routine.

string_to_int | Takes an animal ID as a string and returns a hash. The algouged is

taken from "Character String Keys” in "Data Structures andadkithms

with Object-Oriented Design Patterns in Python” by BrunoFReiss:

http://ww. brprei ss. com books/ opus7/ htm /page220. ht m #pr ogst r nga.

6.1.2 The LightAnimal Class
The Li ght Ani mal class holds animals records read from a pedigree file. Itemghts a much simpler object

than theNewAni mal object and is intended for use with the graph theoretic ragtinpyp_net wor k. The only
attributes of these objects are animal ID, sire ID, dam Iginal ID, renumbered ID, birth year, and sex (Tabl&).

Table 6.3: Attributes oEi ght Ani mal objects.

Attribute | Default Description

animallD | animal ID Animal’s ID.

by m ssi ng_byear | The animal’s birthyear iy YY Yformat.
damID 0 Dam’s ID.

continued on next page
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Attribute

Default

Description

originallD

renumberedID

sex
sirelD

animallD

animallD

0

u

Original ID assigned to an animal. It will not change when pleeligree
is renumbered.

Renumbered ID assigned to an animal. Itis assigned by themeering
routine.

The sex of the animal:mi =male,” f’ =female, u’ = unknown.
Sire’s ID.

Li ght Ani mal objects have the same seven methods (TaldleasNewAni mal objects (Tablé.2).

Table 6.4: Methods dfi ght Ani mal objects.

Method Description

__init__ Initializes a Li ght Ani mal object and returns an instance of a
Li ght Ani mal object.

printme Prints a summary of the data stored ihiaght Ani mal object.

stringme Returns the data stored inLa ght Ani mal object as a string.

dictme Returns the data stored inaght Ani nal object as a dictionary whose
keys are attribute names and whose values are attributes/alu

trap Checks for common errors ini ght Ani mal objects.

pad_id Takes an animal ID, pads it to fifteen digits, and prependbittiyear.
The order of elements is: birthyear, animallD, count of zemeros. The
padded ID is used for reordering the pedigree withftast _r eor der
routine.

string_to_int | Takes an animal ID as a string and returns a hash. The algouged is
taken from "Character String Keys” in "Data Structures andadkithms
with Object-Oriented Design Patterns in Python” by BrunoFReiss:
http://ww. brprei ss. com books/ opus7/ htm /page220. ht m #pr ogst r nga.

6.1.3 The SimAnimal Class

The Si mAni mal class is used for pedigree simulation, which is describeSdation3.8. All simulated pedigrees
have the format codasdxg, and those are the only class attributes (Téb&. This class is intended for use only
by the pedigree simulation routines, so the lack of attébwtnd methods as compared to MesvAni mal class is a
deliberate design decision.

Table 6.5: Attributes o8i mAni mal objects.

Attribute | Default Description

animallD | animal ID | Animal’s ID.

damiD 0 Dam’s ID.

gen 0 Generation to which the animal belongs.

sex u’ The sex of the animal:ni =male, f’ =female,’ u’ =unknown.

continued on next page
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Attribute | Default | Description

sirelD 0

Sire’s ID.

Si mAni mal objects have only three methods (Tablé).

Table 6.6: Methods dbi mAni mal objects.

Method

Description

__init__

printme
stringme

Initializes a Si mAni mal object and returns an instance of a
Si mAni mal object.

Prints a summary of the data stored iSiamAni nmal object.

Returns the data stored irSh mAni mal object as a string.

6.2 The NewPedigree Class

TheNewPedi gr ee class is the fundamental object in PyPedal.

Table 6.7: Attributes oNewPedi gr ee objects.

Attribute Default | Description

kw kw Keyword dictionary.

pedigree ] A list of NewAni mal objects.

metadata {} A Pedi gr eeMet adat a object.

idmap {} Dictionary for mapping original IDs to renumbered 1D&%).
backmap {} Dictionary for mapping renumbered IDs to original ID&%).
namemap {} Dictionary for mapping names to original ID3.0).
namebackmap {} Dictionary for mapping original IDs to names.Q).

starline "+’ %80 | Convenience string.

nrm None An instance of &ewAMat r i X object.

The methods oNewPedi g
and make sure that it's in t

r ee objects are listed in Tablé.8. !!!l need to put something in here about pedsources
he index!!!

Table 6.8: Methods dilewPedi gr ee objects.

Method

Description

__init__
addanimal

Initializes and returns BlewPedi gr ee object.

Adds a new animal of clagsewAni nal to the pedigreeNote: This
function should be used iyewPedi gr ee methods only, not userspace
routines. Improper use @&ddani mal may result in data loss or cor-
ruption. You have been warned.

continued on next page
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Method Description

delanimal Deletes an animal from the pedigree. Note that this methodE®0O
not update the metadata attached to the pedigree and sholylb®
used if that is not importantNote: This function should be used by
NewPedi gr ee methods only, not userspace routines. Improper use
of del ani mal may result in data loss or corruption. You have been

warned.
fromgraph Creates aNewPedi gr ee from anXDi Gr aph objject.
load Wraps several processes useful for loading and preparirgl@ee for

use in an analysis, including reading the animals into adlistnimal
objects, forming metadata, checking for common errorsirgpaincestor
and sex flags, and renumbering the pedigree.

preprocess | Processes the entries in a pedigree file, which includesmgadch en-
try, checking it for common errors, and instantiatinyjewAni mal ob-
ject.

printoptions | Prints the contents of the options dictionary, which is ukédr debug-
ging.

renumber Calls the proper reordering and renumbering routines; tgedthe ID
map after a pedigree has been renumbered so that all reésrene to
renumbered rather than original IDs.

save Writes a PyPedal pedigree to a user-specified file. The sazeidee
includes all fields recognized by PyPedal, not just the pébfields read
from the input pedigree file.

simulate Simulate simulates an arbitrary pedigree of sizwith g generations
starting fromn_s base sires andi_d base dams. This method is
based on the concepts and algorithms in Bezli gr ee: : sanpl e
method from Matvec 1l.1a (src/classes/pedigree.cpp;
http://statistics.unl.edu/faculty/steve/software/ matvec/),
although all of the code in this implementation was writteond scratch.
updateidmap Updates the ID map after a pedigree has been renumbered tsalltha
references are to renumbered rather than original IDs.

See SectioR.8for details on pedigree simulation.

6.3 The PedigreeMetadata Class

ThePedi gr eeMet adat a class stores metadata about pedigrees. This helps impesf@mance in some proce-
dures, and also makes it easy to access useful summary detaddta are collected when the pedigree is loaded and
accessed by many PyPedal routines.

Table 6.9: Attributes oPedi gr eeMet adat a objects.

Attribute | Default | Description
continued on next page
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Attribute Default Description

name pednamne Name assigned to the pedigree.

filename pedfile File from which the pedigree was loaded.
pedcode pedf or mat | Pedigree format string.

num_records Number of records in the pedigree.
num_unique_sires Number of unique sires in the pedigree.
num_unique_dams Number of unique dams in the pedigree.
num_unique_founders Number of unique founders in the pedigree.
num_unique_gens Number of unique generations in the pedigree.
num_unique_years Number of unique birth years in the pedigree.
num_unique_herds Number of unique herds in the pedigree.

List of the unique sires in the pedigree.

List of the unique dams in the pedigree.

List of the unique founders in the pedigree.
List of the unique generations in the pedigree.
List of the unique birth years in the pedigree.
List of the unique herds in the pedigree.

unique_sire_list
unique_dam_list
unique_founder list
unique_gen_list
unique_year_list
unique_herd_list

et e o Mo NoNoNoNeNe)

Metadata are gathered furing the pedigree loading probassfter load-time renumbering has occured (if requested)
When a pedigree is renumbered after it has been loaded thieeisire, dam, and founders lists are not updated to
contain the renumbere IDs. The metadata may be updated tayiiading a newPedi gr eeMet adat a object and
using it to replace the original metadata:

exanpl e. met adat a = Pedi gr eeMet adat a( exanpl e. pedi gr ee, exanpl e. kw)
Alternatively, ID maps (Sectiori.2) may be used to produce expected lists of animals.
The methods oPedi gr eeMet adat a objects are listed in Table 10 The couting methods(ud, nuf , etc.) return

two values each, a count and a list, and new couting methog®asly be added.

Table 6.10: Methods dPedi gr eeMet adat a objects.

Method | Description

__init__ | Initializes and returns Redi gr eeMet adat a object.

fileme Writes the metada stored in tiedi gr eeMet adat a object to disc.

nud Returns the number of unique dams in the pedigree along wi#t af
the dams.

nuf Returns the number of unique founders in the pedigree alatiganlist
of the founders.

nug Returns the number of unique generations in the pedigresaldth a
list of the generations.

nuherds | Returns the number of unique herds in the pedigree alongaiitt of
the herds.

continued on next page
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Method

Description

nus
nuy
printme

stringme

Returns the number of unique sires in the pedigree along avltst of

the sires.

Returns the number of unique birth years in the pedigreegaldth a list

of the birth years.

Prints a summary of the pedigree metadata stored in the
Pedi gr eeMet adat a object.

Returns a summary of the pedigree metadata stored in the
Pedi gr eeMet adat a object as a string.

6.4 The NewAMatrix Class

TheNewAMat ri x class provides an instance of a numerator relationshipxegia NumPy array of floats with some
convenience methods. The idea here is to provide a wrappendra NRM so that it is easier to work with. For large
pedigrees it can take a long time to compute the elements sb #ere is real value in providing an easy way to save
and retrieve a NRM once it has been formed.

Table 6.11: Attributes olNewAMat r i x objects.

Attribute | Default | Description

kw kw

Keyword dictionary.

nrm None | Anumeratorrelationship matrix; exists only after frer m a_mat ri x

method has been called.

The methods oNewAMat r i x objects are listed in Tablg.12

Table 6.12: Methods dflewAMat r i x objects.

Method

Description

__init__

Initializes and returns BlewAMat r i x object.

form_a_matrix | Calls pyp_nrmfast_a matrix() or pyp_nrmfast_a_ -

info
load
save

printme

matri x_r () toforma NRM from a pedigree.

Uses the NRM'd nf o() method to dump some information about the
NRM. This is useful for debugging.

Uses the NumPy functidir onf i | e to load an array from a binary file.
If the load is successful, self.nrm contains the matrix.

Uses the NRM'q of i | e() method to save an array to either a text or
binary file.

Prints the NRM to the screen.
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CHAPTER
SEVEN

Methodology

To iterate is human, to recurse divine. — L. Peter Deutsch

In this chapter, a high-level overview of PyPedal is prodidgiving the reader the definitions of the key components
of the system. This section defines the concepts used byrienmg sections.

7.1 Reordering and Renumbering

Many computations on pedigrees require that the pedigreerhenbered such that animal IDs are consecutive from 1
to ‘n’, where 'n’ is the total number of animalsin the pedigree. By defadltpadigrees are renumbered at load time.
If you pedigree is already renumbered and you do not wanhitmebered again you must set tlieehunber ’ option

to 0. The renumbering process requires that the pedigreedvdered such that parents always precede their offspring
in the list of animal IDs. The actual ID assigned to an anirsalfino particular importance, and it is even possible for
parents to have larger IDs than their ofspring. PyPedal earder any pedigree unless there is an error in it that would
prevent unambiguously placing parents before offspringy. éxample, a pedigree containing a keypunch error such
that an animal is one of its own grandparents cannot be residdeecause there is no way to unambiguously order
the animals. Theyp_util s module provides two routines for pedigree reorderingor der () andf ast _-
reorder (). By default,r eor der () is used to reorder pedigrees in place. It does this by maimgia list of
animal IDs that have been processed; whenever a parensthat in the list of encountered animals the offspring of
that parent are moved to the end of the pedigree. This enthegsedigree is properly sorted such that all parents
precede their offspring. Founders are also grouped togethie beginning of the pedigree. This procedure will
always correctly reorder a pedigree but it can be quite icieffit as it is similar to an insertion sort, which has a
worst-case runtime proportional t¢ (Cormen, Leiserson, Rivest, and Stein 203

fast _reorder () provides a much faster means of reordering a pedigree, buincarrectly reorder a pedigree
in some cases. When an instance &eavAni mal object is created thpad_i d() method is calledpad_i d()
uses the animal ID and birth year to form an ID useddlyy pyp_uti | s/ fast _reorder () for quick sorting;

if your pedigree file is numbered such that offspring alwagsehlarger IDs than their parents and your birth years
(if provided) are correct (that is, parents always born BREOoffspring) therpyp _utils. fast _reorder ()
works as expected. If you do not provide birth years in youtigese file but your parent IDs are always smaller than
your animal IDs, the reordering will be correct. If you do mobvide birth years, all animals in the pedigree will be
assigned a default value of ‘1900'. In that case, if pareatehDs larger than that of one or more of their offspring,
the pedigree will be incorrecrly reordered bast _reorder () . If your pedigree file contains birth years, or you
know that parents always have smaller IDs than their offgprihenf ast _r eor der () will correctly reorder your
pedigree in linear time. Founders are not guaranteed to dugpgd at the beginning of the pedigree wiiest -
reorder () is used; if you are going to calculate coefficients of paitikeeding (Sectio7.4.3 then you should
instead use eor der () to reorder your pedigree.
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The performance difference between the two reorderingmestis not very noticeable on pedigrees of a few hundred
to a few thousand animals, but is quite dramatic for verydgugdigrees. If your pedigree file is already reordered
then there is essentially no performance difference beatwleetwo. When creating a pedigree file from data stored in
a relational database, let the database perform the sgrotoby using anORDER BY’ statement.

7.2 Animal Identification and Cross-References

There are a number of identification attributes associaiiianimal objects in PyPedal pedigrees. A description of
those fields, as well as their default values, is providediinld6.1. This section describes the data structures provided
for mapping between various animal IDs. Talglé lists the four structures provided for ID mapping and lidte t
default values for pedigrees with integrals(d formats) and stringASD formats) IDs. Renumbered PyPedal pedigree
objects store animal objects in a list that is typically irel@ by renumbered ID. When animal IDs are strings (see
3.5.]) they are hashed to an integer and the original ID is storedniame field. In renumbered pedigrees the original
ID is stored and replaced by a renumbered ID.

Once your pedigree is renumbered it is quite easy to see hesetimaps can be used to convert between various IDs.
The maps mean that you don’t have to worry about renumbers@iid can continue to think about your animals in
terms of their original IDs, whether they be ID numbers or BamConsider the Newfoundland pedigree presented
in Figure9.4— it is much more convenient to think about the dog named KKptrils von Widdersdorf, rather than
the dog whose name was hashed to the ID 552355780824183mti2aumbered to 48. For example, suppose you
wanted to determine his coefficient of inbreeding. It is dertp do using the maps:

>>> exanpl e = pyp_newcl asses. | oadPedi gree(opti onsfil e=' newf oundl and.ini’)
>>> newf _f = pyp_nrm i nbreedi ng(exanpl e)
>>> print newf _f[’'fx'][exanple.idmap[exanple. nanemap[’ Kaptn Kvols von W ddersdorf']]]

0.0

exanpl e. namenap[ ' Kaptn Kvol s von W ddersdorf’] returns the original ID assigned to the name,
while exanpl e. i dmap[...] converts from the original ID to the renumbered ID. This safriD/name map-
ping is sued in a number of places in PyPedal, such as in the generation pedigree routine in fiep_r eports
module.

Note that if an animal has its original ID as its name, whicthissdefault when integral IDs and no animal names are
provided, the name is changed to the renumbered ID when thigree is renumbered.

Table 7.1: Animal identification and cross-references.

Map name asd format ASD format Renumbered

Key Value Key | Value | Key Value
idmap animal ID | animal ID | name| name | original ID renumbered ID
backmap | animal ID | animal ID | name| name | renumbered ID| original ID
namemap | name animal ID | name| name | name original ID

continued on next page

58 Chapter 7. Methodology



asd format ASD format Renumbered
Key Value | Key | Value | Key Value
namebackmap animal ID | name | name| name | original ID | name

Map name

7.3 Measures of Genetic Variation

Coefficients of inbreeding and relationshifyight 1922 have been commonly used to describe the genetic diversity
in livestock populationsoung and Seykora 1996Inbreeding coefficients represent an individual's expeégenetic
homozygosity due to the relatedness of its parents. Caaffigiof relationship describe the expected proportion of
genes two individuals share due to their relatedness. Taeseelative measures that depend on such factors as
the completeness and depth of pedigrees. Over time, thedtc@nts change in response to breeding and culling
decisions, and they may be used as indicators of the geragtability of a population. Rapid methods for calculating
coefficients of inbreeding and relationship for large papioihs have been implementéd/iggans, Van Raden, and
Zuurbier 1993.

Populations under study rarely conform to the theory eiabtl for the use of coefficients of inbreedingr{ght
1931). Lacy (1989 and Boichard et al. 1997 proposed measures of genetic variation based on ideasdoom
servation genetics. Lacy 989 proposed the idea of the number of founder equivalentssassng populations. A
founderis an ancestor whose parents are unknown. If allderscontribute to the population equally, then the founder
equivalent is equal to the number of founders. When foundensribute unequally to the population, the number of
founder equivalents decreases. Boichard etl#l9{) developed the idea of founder ancestor equivalents, whitte
minimum number of ancestors necessary to explain the gedig@rsity of the current population. Founder ancestor
equivalents account for bottlenecks, unlike founder egjeints, and are more accurate in populations undergoing in-
tense selection. Caballero and ToE®(0 discussed the relationships among these and other msasidizersity in
small populations, and demonstrate their use ¢, Rodriganez, Silio., and Rodriguez 2000

Roughsedge et al1999 used average coefficients of inbreeding, average coeft@ relationship, founder equiv-
alent numbers, and founder ancestor numbers to documedetiiease in genetic diversity in the British dairy cattle
population over the last 25 years. Changes in founder elguitaumber and founder ancestor number reflected the use
of a small number of influential individuals to improve thengéic merit of that population. Accompanying changes
in average inbreeding and relationship did not accuratslgct that loss of diversity. Such results highlight thedhee
for additional tools when assessing complex populations.

7.4 Computational Details

7.4.1 Inbreeding and Related Measures

Coefficients of relationshipr{;) and inbreeding f;) are calculated using the method of Wiggans et &4B9§. An
empty dictionary is created to store animal IDs and coefiiisieof inbreeding. For each animal in the pedigree,
working from youngest to oldest, the dictionary is queriedthe animal ID. If the animal does not have an entry in
the dictonary, a subpedigree containing only relativefiaf animal is extracted and the coefficients of inbreedieg ar
calculated and stored in the dictionary. A second dictipkaeps track of sire-dam combinations seen in the pedigree.
If a full-sib of an animal whose pedigree has already beeogssed is encountered the full-sib receives a COl identical
to that of the animal already processed. This approach alfoncomputation of COI for arbitrarily large populations
because it does not require allocation of a single NRM of ordewheren is the size of the pedigreed population. In
most cases, the NRM for a subpedigree is on the order of 20@agh this can vary with species and population data
structure.

Average and maximum coefficients of inbreeding are compigethe entire population and for all individuals with
non-zero inbreeding. The average relationship among dlviduals is also computed. Theoretical and realized
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effective population sizesy, ), andN,(,.,, were estimated as-élconer and MacKay 1996

AN, Ny
Newr =, F i
and
1
New) = IAT

whereN,,, and N are the number of sires and dams in the population, respégtandA f is the change in population
average inbreeding between generatibasdt+1. Interpretation oV, can be problematic wheA f is calculated
from incomplete or error-prone pedigrees.

7.4.2 Ancestral Inbreeding

Ballou (1997 described ancestral inbreeding, the probability thanalividual inherited an allele that had undergone
inbreeding in the past at least once, in a study of purgingsgiges and inbreeding in conservation genetics. This is a
differentidea than the usual coefficient of inbreeding amdividual that is not inbred may carry alleles that haverbee
exposed to substantial inbreeding; recall that an ind&idoay have inbred parents, but if the parents are not related
to one another then the resulting offspring will not be thelwss inbred. It has been proposed that animals deriving
from highly inbred lines may be less susceptible to inbregdiepression because deleterious recessive alleles have
been purged from the population, but literature reports xtarg populations are inconsistent. Ancestral inbreeding
is calculated using a recursion equation #s:= [fo(s) + (1 — fa(s))fs + fa@y + (1 — fa(ay)fa]/2 where f, is

the ancestral inbreeding coefficient for an individu@ls the usual coefficient of inbreeding, and subscripégndd
represent sires and dams, respectively. Calculations@redldest to youngestin the population and require as sput
only coefficients of inbreeding.

Suwanlee et al. 2007 extended the concept by presenting a gene-dropping agprpéacCluer, VandeBerg,
Read, and Ryder 19%@or calculating ancestral inbreeding, as well as modifyBallou’s equation to account
for non-independence between individual inbreeding coefits and ancestral inbreeding coefficients. Gene drop-
ping is also used in PyPedal for calculating founder genoupgivalents (see: Sectioii.4.6, and the code
used by thepyp_netrics. dropped_ancestral _i nbreedi ng() and pyp_netrics.effective_-

f ounder _genones() routines are similar, although the former drops an arbjtraumber of unlinked biallelic
loci through the pedigree while the latter drops only a srigtus.

7.4.3 Partial Inbreeding

Partial inbreeding coefficientd;;, measure the probability that the alleles at an arbitracyidoin individuali are
identitical-by-descent and that the alleles were derivechfan allele in foundeyj (Lacy, Alaks, and Walsh 1996
Gulisija et al. @006 provide an excellent description of the tabular methoddalculating 7;;. Computational
requirements may be high for large pedigrees with a largelbrarrof founders because partial kinship matrices are
calculated for each founder in the pedigree. The usual oisffis of inbreeding may be obtained by summing the
coefficients of partial inbreeding over all founders comnwthe parents of anima) that is, f; = Zj Fj.

For example, consider the pedigree presented in Figure 2ilidifa and Crow 2007). The individual of interest], has
an inbreeding coefficient of 0.375 and coefficients of phitibreeding to founders J, K, and M of 0.21875,0.09375,
and 0.0625, respectively. As asserte@1875 + 0.09375 + 0.0625 = 0.375.
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7.4.4 Generation Coefficients

Generation coefficients are assigned using the methdekdfi¢ 196% Founders, defined as individuals with unknown
parents, are assigned generation codes of 0. All other dsmmn@assigned generation codes as:

(GC, + GCy)

GC, = 5

+1

whereGC,, GCy, GC,4 represent offspring, sire, and dam codes, respectively.

7.4.5 Effective Founder Number
The effective founder numbef() was calculated as:

1
fe=sp

wherep; is the proportion of genes contributed by ancestor i to threexit populationi(acy 1989. If all founders had
contributed equally to the population, thgnwould be the same as the actual number of founders. When éosind
contribute to the population unequallf, is smaller than the actual number of founders. The greageinbquity in
founder contributions, the smaller the effective foundemier.

A subpedigree approach, similar to that used for calcutatibinbreeding (se&.4.1for details), is also used for
calculatingf..

7.4.6 Founder Genome Equivalents

Lacy (1989 also defined the number of founder genome equivalgij)sas a measure of genetic diversity. A founder
genome equivalentis the number of founders that would predwpopulation with the same diversity of founder alleles
as the pedigree population assuming all founders con&tbetjually to each generation of descendants. Founder
genome equivalents are calculated as:

1
Di
o=

T

fo=

wherep; is the proportion of genes contributed by ancestto the current population angd is the proportion of
founderi’s genes that are retained in the current population. lfikef, accounts for unequal founder contributions.
Unlike f., f, also accounts for the fraction of founder genomes lost fioerpiedigree through drift during bottlenecks.
Although f, is the more accurate description of the amount of foundeatian present in a population, it can only be
calculated directly for simple pedigrees. For large or caxpedigrees, the number of founder genome equivalents
must be approximated based on computer simulation of a fargeer of segregations through the pedigree. This is
done by assigning each founder a unique pair of alleles amtbraly transmitting those alleles through the pedigree
(MacCluer, VandeBerg, Read, and Ryder 1p8the number of founder genome equivalents is similar tceffective
founder number, but the former has been devalued based qmadpertion of its genome that has probably been lost
to drift (Lacy 1989.
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7.4.7 Effective Ancestor Number

In populations that have undergone a bottleneck the efectumber of founders computed using Lacyl®8§9
approach is overestimated. Large contributions made bgntencestors are more important to the population with
respect to the loss of genetic diversity than equal cortiobhg made long ago. Boichard et all907) proposed a
second measure of diversity to deal with such situatioreseffective number of ancestor§,§, which considers the
genetic contribution of all ancestors in the populatiort, jost founders. The effective number of ancestors tredts al
ancestors in the population the same way, and is computed as:

!
>4

whereg; is the genetic contribution of thiéh ancestor not explained by the previowsancestors. The ancestors with
the greatest contributions are selected iteratively. Tumaler of ancestors with a positive genetic contributioress|
than or equal to the actual number of founders.

Ja

7.4.8 Pedigree Completeness

Pedigree completenesSdssell, Adamec, and Pearson 2))GBe proportion of known pedigree information for an
arbitrary number of generations, is computed as:

g
Cp = =5 =
=12’
where ¢, is pedigree completeness ang, is the number of known ancestors ig generations. The
default (which may be overridden) is to compute four-getiena pedigree completeness. Low, indi-
cates that there is little pedigree information availabte &in individual, which may result in biased es-
timates of inbreeding and other measures of diversity. dtedi completeness and ancestor loss coeffi-
cients fttp://ww. newf oundl anddog- dat abase. net/en/ ahnen. php?num=0000025330), which
are sometimes seen in dog breeding materials, are equivakasures if the same number of generations were used
in the calculations.
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CHAPTER
EIGHT

HOWTOSs

Computers are good at following instructions, but not atireg your mind. — Donald E. Knuth

8.1 Basic Tasks

8.1.1 How do | load a pedigree from a file?

Each pedigree that you read must be passed its own dictiohaptions that must have at least a pedigree file name
(pedfile and a pedigree format stringédformay. You then callpyp_newcl asses. NewPedi gr ee() and pass
the options dictionary as an argument. The following codgrnent demonstrates how to read a pedigree file:

options = {}

options[’pedfile’] = 'new_|acy. ped

options[’ pedformat’] = 'asd’

exanpl el = pyp_newcl asses. | oadPedi gr ee( opti ons)

The options dictionary may be named anything you like. 1a thanual, and in the example programs distributed with
PyPedalpptionsis the name used.

8.1.2 How do | load multiple pedigrees in one program?

A PyPedal program can load more than one pedigree at a timech pedigree must be passed its own op-
tions dictionary, and the pedigrees must have differentesam This is easily done by creating a dictionary
with global options and customizing it for each pedigree. cOyou have created a pedigree by callpygp -
newcl asses. NewPedi gree(’ opti ons’) you can change the options dictionary without affecting fredi-
gree (a pedigree stores a copy of the options dictionang kwvitattribute). The following code fragment demonstrates
how to read two pedigree files in a single program:
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# Create the enpty options dictionary
options = {}

# Read the first pedigree

options[’ pedfile’] = 'new_|l acy. ped’
options[’ pedformat’] = 'asd’
options[’ pednanme’] = 'Lacy Pedi gree’

exanpl el = pyp_newcl asses. | oadPedi gr ee( opti ons)

# Read the second pedigree

options[’ pedfile’] = 'new_boi chard. ped
options[’ pedformat’] = 'asdg’
options[’ pednane’] = 'Boi chard Pedi gree’

exanpl e2 = pyp_newcl asses. | oadPedi gr ee( opti ons)

Note thatpedformatonly needs to be changed if the two pedigrees have diffecgntdts. You do not even have to
changepedfile

8.1.3 How do | renumber a pedigree?

Set ther enunber option to ‘1’ before you load the pedigree.

options = {}

options[’renunber’] =1

options[’ pedfile’] = 'new_|acy. ped

options[’ pedformat’] = 'asd’

exanpl el = pyp_newcl asses. | oadPedi gr ee( opti ons)

If you do not renumber a pedigree at load time and choose tomber it later you must set threenuber option
and call the pedigreeisenunber () method:

exanpl e. kw{’ renunber’] =1
exanpl e. renunber ()

For more details on pedigree renumbering see Seétian

8.1.4 How do I turn off output messages?

You may want to suppress the output that is normally writerSTDOUT by scripts. You do this by setting the
nmessages option:

options[’ nessages’] = 'quiet’

The default setting fomessages is ‘ver bose’, which produces lots of messages.
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8.1.5 How do I load a pedigree whose columns are comma-delimited?

The default column-delimiter used by PyPedal is a space (C9mma-separated value (CSV) files can be read by
settingsepcharto’ , ’ . If you are using a configuration file, youustenclose the comma in double quotation marks

Q)

options[’sepchar’] =","

If you do not enclose the delimiter properly you will rece error message such as:

Traceback (nost recent call l|ast):
File "ncsu.py", line 6, in <nmodul e>
ncsu = pyp_newcl asses. | oadPedi gree(optionsfile="ncsu.ini’, debugLoad=True)

File "/ hone/jcol e/ sage-4.8/1ocal/lib/python2.6/site-packages/ PyPedal -2.0. 3-py2. 6. egg/ PyPedal
_pedi gree. | oad( pedsour ce=pedsour ce, pedgr aph=pedgr aph, pedst r eanrpedst r ean)

File "/ home/jcol e/ sage-4.8/1ocal /lib/python2.6/site-packages/ PyPedal -2.0. 3-py2. 6. egg/ PyPedal
sel f. preprocess()

File "/ home/jcol e/ sage-4.8/1ocal /lib/python2.6/site-packages/ PyPedal -2.0. 3-py2. 6. egg/ PyPedal
| = string.split(string.strip(line),self.kw ' sepchar’])

File "/ hone/jcol e/ sage-4.8/1ocal/lib/python2.6/string.py", line 292, in split
return s.split(sep, maxsplit)

TypeError: expected a character buffer object

8.1.6 How do | load a pedigree whose columns are tab-delimited?

The default column-delimiter used by PyPedal is a space (Yu can change the delimiter by setting tepchar
option:

options[’sepchar’] = '\t’

If you are using a configuration file, youustenclose any delimiter containing a backslash in doubleatiost marks
(“™). If you do not enclose the delimiter properly you willgeive an error message such as:

[jcol e@col e2 exanpl es]$ python new_ i ds. py

[INFO : Logfile new_.ids2.1og instantiated.

[INFO : Preprocessing new_ids2. ped

[INFO : Opening pedigree file

[ERROR]: The record on line 2 of file new_ids2. ped does not have the same nunber
of columms (1) as the pedigree format string (ASD) says that it should
(3). Please check your pedigree file and the pedigree fornmat string for
errors.

[jcol e@col e2 exanpl es] $
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8.2 Calculating Measures of Genetic Variation

8.2.1 How do I calculate coefficients of inbreeding?

This requires that you have a renumbered pedigree (HOW.IC).

options = {}

options[’renunber’] =1

options[’ pedfile’] = 'new_|acy. ped

options[’ pedformat’] = 'asd’

exanpl el = pyp_newcl asses. | oadPedi gr ee( opti ons)
exanpl e_i nbreedi ng = pyp_nrm i nbr eedi ng( exanpl e)
print exanpl e_i nbreedi ng

The dictionary returned bgyp_nr m i nbr eedi ng( exanpl e) , exampleinbreeding contains two dictionaries:
fx contains coefficients of inbreeding (COI) keyed to renuredenimal IDs ananetadatacontains summary statis-
tics. metadataalso contains two dictionariesdl contains summary statistics for all animals, whilenzerocontains
summary statistics for only animals with non-zero coeffitseof inbreeding. If you prinexampleiinbreedingyou’ll
get the following:

{fx: {1: 0.0, 2: 0.0, 3: 0.0, 4: 0.0, 5: 0.0, 6: 0.0, 7: 0.0, 8 0.0, 9: 0.0
10: 0.0, 112: 0.0, 12: 0.0, 13: 0.0, 14: 0.0, 15: 0.0, 16: 0.0, 17: 0.0, 18: O.
19: 0.0, 20: 0.0, 21: 0.0, 22: 0.0, 23: 0.0, 24: 0.0, 25: 0.0, 26: 0.0, 27: O.
28: 0.25, 29: 0.0, 30: 0.0, 31: 0.25, 32: 0.0, 33: 0.0, 34: 0.0, 35: 0.0, 36:
37: 0.0, 38: 0.21875, 39: 0.0, 40: 0.0625, 41: 0.0, 42: 0.0, 43: 0.03125, 44:
45: 0.0, 46: 0.0, 47: 0.0},

"metadata’: {’'nonzero': {’'f_max': 0.25, 'f_avg’': 0.16250000000000001,

"f_rng’: 0.21875, 'f_sumi: 0.8125, 'f_min': 0.03125, 'f_count’: 5},

“all’: {"f_max’: 0.25, 'f_avg’': 0.017287234042553192, 'f_rng’: 0. 25,

"f_sumi: 0.8125, 'f_min': 0.0, 'f_count’: 47}}}

0
0,

cooo-

Obtaining the COI for a given animal, say 28, is simple:

>>> print exanpl e_inbreeding[’'fx'][28]
' 0. 25

To print the mean COlI for the pedigree:

>>> print exanpl e_inbreeding[’ metadata’][’all’][ f_avg']
" 0.017287234042553192’
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8.3 Databases and Report Generation

8.3.1 How do | load a pedigree into a database?

The pyp_reports module ?) uses thepyp_db module (Sectior??) to store and manipulate a pedigree in an
SQLite database. In order to use these tools you must firdtyoar pedigree into the database. This is done with a
calltopyp_db. | oadPedi gr eeTabl e() :

options = {}

options[’ pedfile’] "hartl andcl ar k. ped

opti ons[’ pednane’ ] " Pedi gree fromvan Noordw jck and Scharl oo (1981)
options[’ pedformat’] = 'asdb’

exanpl e = pyp_newcl asses. | oadPedi gr ee( opti ons)

pyp_nrm i nbr eedi ng( exanpl e)
pyp_db. | oadPedi gr eeTabl e( exanpl e)

The routines impyp_r epor t s will check to see if your pedigree has already been loadathds not, a table will
be created and populated for you.

8.3.2 How do | update a pedigree in the database?

Changes to a PyPedal pedigree object are not automaticallgdsto the database. If you have changed
your pedigree, such as by calculating coefficients of inthregg and you want those changes visible to the
database you have to ca@lyp_db. | oadPedi gr eeTabl e() again. IMPORTANT NOTE: If you call pyp_-

db. | oadPedi gr eeTabl e() after you have already loaded your pedigree into the dateibesll drop the existing
table and reload it; all data in the existing table will betlda the following example, the pedigree is written to table
hartlandclark in the databaspypedal:

options = {}

options[’ pedfile’] = 'hartlandcl ark. ped’

options[’ pednanme’] = 'Pedigree fromvan Noordwi jck and Scharl oo (1981)’
options[’ pedformat’] = 'asdb’

exanpl e = pyp_newcl asses. | oadPedi gr ee( opti ons)

pyp_db. | oadPedi gr eeTabl e( exanpl e)

pypedal is the default database name used by PyPedal, and can beedhasigg a pedigreedat abase -
nane option. By default, table names are formed from the pediditeename. A table name can be specified
using a pedigree’dbt abl e_nane option. Continuing the above example, suppose that | caledIcoefficients of
inbreeding on my pedigree and want to store the resultinigpeelin a new table namewordwijck_and_scharloa -
inbreeding
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options[’ dbtabl e_nane’] = 'noordwi jck_and_scharl oo_i nbreedi ng’
pyp_nrm i nbr eedi ng( exanpl e)
pyp_db. | oadPedi gr eeTabl e( exanpl e)

You should see messages in the log telling you that the tasidoben created and populated:

Tue, 29 Nov 2005 11:24:22 WARNI NG Tabl e noordw j ck_and_schar| oo_i nbreedi ng does
not exist in database pypedal!

Tue, 29 Nov 2005 11:24:22 | NFO Tabl e noordwi j ck_and_schar | oo_i nbr eedi ng
created in database pypedal!

8.4 Pedigrees as Graphs

PyPedal includes tools for working with pedigrees as algiebstructures known as directed graphs, or digraphs.
Digraphs are not graphs in the sense of graphics for presamta display. Rather, they are mathematical abstrastion
the study of which can provide interesting information atitwe structure of a population. A digraph represents a
pedigree as a set of vertices (also called nodes), whiclkspond to animals, and a collection of edges, which connect
nodes to one another. In the context of a pedigree, edgesatedihat a parent—offspring relationship exists between
two animals. If a path can be constructed between two ver{aeimals) in the graph then those animals are related.
If no path can be constructed between teo nodes, then ninskigt exists between the two. Routines for working
with graphs (also called networwks) are contained ingiip_net wor k module @7?)

8.4.1 How do | convert a pedigree to a graph?

The functionpyp_net wor k. ped_t o_gr aph() takes a PyPedal pedigree object as its argument and returns a
NetworkX (ht t ps: // net wor kx. | anl . gov/ ) XDiGraph object:

exanpl e = pyp_newcl asses. | oadPedi gree(opti onsfil e=’ new_networkx.ini’)
ng = pyp_networ k. ped_t o_graph(exanpl e)

Once you've got a graph, you use the NetworkX API to operatthergraph. For example, the number of animals in
the pedigree is simply the number of nodes in the graph:

print 'Number of animals in pedigree: %' % ( ng.order() )
print ng.nodes()

8.4.2 How do | convert a graph to a pedigree?

It is possible to create a PyPedal pedigree from a Networlaplgr This is useful, for example, when you'd like
to create a pedigree representing a subset of the populatiatNewPedi gr ee object. pyp_nrm recurse_-
pedi gree() and related functions won’t do the trick because they retunly lists of animal IDs, not actual
NewPedi gr ee instances. To create a pedigree from a graph you simply lyaild options dictionary and call
pyp_newcl asses. | oadPedi gree():
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options = {}

options[’ pedfile’] = ' dumy’
options[’ nessages’] = 'verbose

options[’renunber’] =1

options[’ pednanme’] = 'Testing frongraph()’

options[’ pedformat’] = 'asd’

options['set_offspring’'] =1

options[’ set_ancestors’] 1

options[’set_sexes'] =1

options[’set_generations’'] =1

exanpl e2 = pyp_newcl asses. | oadPedi gr ee( opti ons, pedsour ce=' graph’, pedgr aph=ng)

You must provide a non-nulpedfi | e keyword in your options dictionary, as well as tipedsour ce and
pedgr aph arguments tpyp_newcl asses. | oadPedi gree() .

There is a known bug with logfile creation when loading a pezidgrom a digraph.

8.4.3 How do | load a pedigree from a file containing a graph stored as an adjacency
list?

PyPedal can read graphs stored in text files as adjacengwlisich is one way of representing directed graphs:

options = {}

options[’ pedfile’] = 'pedigree.adjlist’
options[’ nessages’] = 'verbose

options[’ pednane’] = 'Testing graphfile’
options[’ pedformat’] = 'asd’

exanpl e = pyp_newcl asses. | oadPedi gr ee( opti ons, pedsour ce=" graphfile’)

8.4.4 How do | save a graph as an adjacency list?

PyPedal, using NetworkX, can save graphs as adjacency lists

exanpl e. savegraph(’ pedi gree. adjlist’)

8.5 Miscellaneous

8.5.1 How do | export a numerator relationship matrix so that | can read it into Octave?

Numerator relationship matrices may be exported to textsfifer use with, e.g., Octave using the
NewAMAt ri x. save method:
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exanpl e = pyp_newcl asses. | oadPedi gree(opti onsfil e="denny.ini’)
amatri x = pyp_newcl asses. NewAMat ri x( exanpl e. kw)

amatri x. form a_matri x(exanpl e. pedi gr ee)

amatrix.tofile(” Ainv.txt’)

When matrices are written to text files array elements ararsg¢gd bysepchar(Table3.1).

Matrices may also be written to a binary format. The defaalte of thenrm_format pedigree option i$ ext . To
write files in binary format you must either specify the vabfe¢he nrm_formatoption asbi nar y before you load
your pedigree file or use them_formatkeyword when you calNewAMat r i x. save:

amatrix.tofile(’ Ainv.bin ,nrmformat="binary’)

Once you've saved the NRM to afile, saji nv. t xt ', in text format you can easily read it into Octave:

octave: 1> nyfile = fopen ("Ainv.txt", "r");
octave: 2> ainv = fscanf(nyfile,’ %", [18, 18])

This has been verified with Octave 2.1.57 under RedHat Engerpinux on small matrices.

8.5.2 How else can | export a NRM to a file?

Numerator relationship matrices may be exported to a texirfitijk format”, where each line is of the form “animal
A animal_B rAB” using thepyp_i 0. save_i j k() function. Diagonal entries are+ f,, wheref, is the animal’'s
coefficient of inbreedin.

exanpl e = pyp_newcl asses. | oadPedi gr ee( opti ons)
# Save the NRMto a file in ijk format.

# Don't forget to set the fil enane.

pyp_i o.save_ijk(exanple,’nrmijk.txt")

Suppose that the example above produces the following file:

$ head nrm.ijk.txt
4627 4627 1.125
4627 0832 0.0
4627 5538 0.5

In order to getf, for animal 4627 you need to find the corresponding diagomaheht and subtract 1 from it:
fo=1.125—-1.0=0.125

The coefficient of relationship between 4627 and 553835(4627 is probably a parent of 5538). Note that the file
nrm_ijk.txt will include only the diagonal and upper off-diagonal elertsof the NRM, and should havern(n+1)/2
lines.
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8.5.3 How do I load a pedigree from a GEDCOM file?

As of version 2 release candidate 1 PyPedal can load pediffama GEDCOM 5.5 files. This is done by passing the
pedsour ce keyword topyp_newcl asses. | oadPedi gr ee with a value of gedconfi | e’

options[’ pedfile’] = 'exanpl e2. ged’
options[’ pedformat’] = 'ASD
options[’ pednane’] = 'A GEDCOM pedi gree’

exanpl e2 = pyp_newcl asses. | oadPedi gr ee( opti ons, pedsour ce=' gedconfile’)

Note that only a limited subset of the GEDCOM format is supgayrand it is possible to lose metadata when convert-
ing a pedigree from GEDCOM to PyPedal. More details on PyPe@&DCOM handling can be found in Appendix
B.

8.5.4 How do | save a pedigree to a GEDCOM file?

As of version 2 release candidate 1 PyPedal can write pesigte GEDCOM 5.5-formatted files using the
savegedcommethod ofpyp_newcl asses. NewPedi gr ee objects. The method takes an output file name as its
argument:

test. savegedcon(’ ged3. pypedal . ged’)

Note that not all attributes gfyp_newcl asses. NewAni mal objects are written to the output file. More details
on PyPedal’s GEDCOM handling can be found in Apperiglix

8.5.5 How do | load a pedigree from a string?

There are some use cases for which it is desirable to loadypeti from strings rather than from files. This is done by
passing thgpedsour ce keyword topyp_newcl asses. | oadPedi gr ee with a value of t ext st r eani, along
with a string namedpedst r eani (Figure 8.1):

options = {}
options[’ pedfile’] =
options[’renunber’] =1
options[’ pedformat’] = ' ASD
if name_ =="_ min__"
pedstream = ' al, s1, d1\na2, s2,d2\ na3, al, a2\n’
test = pyp_newcl asses. | oadPedi gr ee(opti ons, pedsource="textstreamn , pedstreanmpedstrean)
pyp_gr aphi cs. new_draw_pedi gree(test, gfilename="partial’, gtitle="Text Stream , gorient=|

1

Note that only ASD-formatted pedigrees can be loaded thig walividual IDs are separated with commas, and
successive records are separated by newlines. All recotd$ contain a newline, including the last record in the
string! You must also set thpédf i | e’ option to a value, even if that value is just an empty strisgrethe example.
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Text Strean

Figure 8.1: Pedigree loaded from a string

8.6 Contribute a HOWTO

Users are invited to contribute HOWTOs demonstrating howdiee problems they've found interesting. In order
for such HOWTOs to be considered for inclusion in this marthaly must be licensed under the GNU Free Doc-
umentation License version 1.2 or latéxt ¢ p: / / www. gnu. or g/ copyl eft/fdl . ht m ). Authorship will be
acknowledged, and copyright will remain with the authorled HOWTO.
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CHAPTER
NINE

Graphics

If | could say it in words there would be no reason to paint. —wBdd Hopper

9.1 PyPedal Graphics

PyPedal is capable of producing graphics from informationtained in a pedigree, including pedigree drawings,
line graphs of changes in genetic diversity over time, astializations of numerator relationship matrices. These
graphics are non-interactive: output images are creatddwaitten to output files. A separate program must be used
to view and/or print the image; web browsers make reasongibd viewers for a small number of images. If you
are creating and viewing large numbers of images you may veaobtain an image management package for your
platform. Default and supported file formats for each of thepdics routines are presented in Tablé

Table 9.1: Default graphics formats.

Routine Default Format  Supported Formats
draw_pedigree JPG JPG, PNG, PS
new_draw_pedigree JPG JPG, PNG, PS
pcolor_matrix_pylab PNG PNG only
plot_founders by_year PNG PNG only
plot_founderspct by_year PNG PNG only
plot_line_xy PNG PNG only
rmuller_pcolor_matrix_pil PNG PNG only
rmuller_spy_matrix_pil PNG PNG only
spy_matrix_pylab PNG PNG only

9.1.1 Drawing Pedigrees

The pedigree from Figure 2 in Boichard et al907) is shown in Figur®.1, and shows males enclosed in rectangles
and females in ovals. Figu@2 shows a pedigree in which strings are used for animal IDsnahare enclosed in
ovals because sexes were not specified in the pedigree filthaset _sexes option was not specified. A more
complex German Shepherd pedigree is presented in Fij8réhe code used to create this pedigree is:

pyp_gr aphi cs. draw_pedi gree(exanpl e, gfil enanme="doug_p_rl _notitle , gnane=1,
gdirec="RL', gfontsize=12)

The resulting graphic is written to doug_rl_noatitle.jpg; note from Tabl®.1that the default file format fadr aw_-
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Figure 9.1: Pedigree 2 from Boichard et al. (1997)
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Figure 9.3: German Shepherd pedigree

9.1. PyPedal Graphics
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Figure 9.4: Newfoundland colored pedigree

pedi gr ee() is JPG rather tharPNG, as is the case for the other graphics routines. To get a PiM@lsipass the
argumengformat="png’to dr aw_pedi gr ee() . For details on the options taken by aw_pedi gr ee() please
refer to the APl documentation (Secti@f). dr aw_pedi gr ee() uses rectangles to indicates known males, circles
to indicate known females, and octagons to indicate aniofailsknown sex.

Pedigrees can also be colored using thel or pedi gree() function in the pyp_j bc module. At
present, animals are shaded either by the number of sonsugeddor by the total number of descen-
dants. The five-generation pedigree of the Newfoundland Kiiog von der Dissel is presented in Figudel
(htt p: / / www. newf oundl anddog- dat abase. net/ en/ ahnen. php?num=0000025330, data used with
permission), and the nodes are shaded based on number ehdasts.

Windows users should set thelrawers keyword to "old’ when calling col or _pedi gr ee(). This
will call draw_col or ed_pedi gr ee()rather than new _draw _col ored_pedi gree() The latter re-
quires that PyGraphviz library be installed and there is not yet an easy way to install it on Windows | <<« |
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Figure 9.5: Average inbreeding by birth year for the US Ayrsitattle population

9.1.2 Drawing Line Graphs

Thepl ot _|i ne_xy() routine provides a convenient tool for creating two-dimenal line graphs. Figur®.5
shows the plot of inbreeding by birth year for the US Ayrsluagtle population. The plot is produced by the call:

pyp_db. | oadPedi gr eeTabl e(ay)

coi _by_year = pyp_reports. meanMetricBy(ay, metric="fa', byvar="by’)

cby = coi _by_year

del (cby[1900])

pyp_graphics. pl ot _Iline_xy(coi_by_year, gfilename="ay_coi _by_year’,
gtitle="Inbreeding coefficients for Ayrshire cows’, gxlabel="Birth year’,
gyl abel =" Coef fi ci ent of inbreeding’)

The code above usgg/p_reports. neanMetri cBy() (see??) to populatecoi_by_year, the keys incoi_by_-
yearare plotted in the x-axis, and the values are plotted on theiy- The default birth year, 1900, was deleted from
the dictionary before the plot was drawn because leavingdffeeult birthyear in the plot was distracting and somewhat
misleading. The only restriction that you have to observiné the value plotted on the y-ais has to be a numeric
guantity.

If you need more complicated plots than are producegbgt | i ne_xy() you can write a new plotting func-
tion (Chapterll) that uses the tools in matplotlibt(t p: / / mat pl ot | i b. sour cef or ge. net /). For complete
details on the options taken Ipy ot _| i ne_xy please refer to the APl documentati&?).

9.1.3 Visualizing Numerator Relationship Matrices

Two routines are provided for visualization of numeratolatenship matrices (NRM)r mul | er _pcol or _-
matrix_pil () andrrmul l er_spy matrix_pil ().

As an example, we will consider the NRM for the pedigree inuf@P.1l. The matrix is square and symmetric; the
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Figure 9.6: Pseudocolored NRM from the Boichard et al. (3@@digree

diagonal values correspond 1o+ f,, where f, is an animal's coefficient of inbreeding; animals with a diagl
element> 1 are inbred.

r 1. 0. 0. 0. 0.5 0. 0.25 0.25 0.25 0.25 0.25 0.25 0.26 0.25 0. 0. 0. 0. 0. 0. T

0. 1. 0. 0. 0.5 0. 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0. 0. 0. 0. 0. 0.

0. 0. 1. 0. 0. 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0. 0. 0. 0. 0. 0.

0. 0. 0. 1. 0. 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0. 0. 0. 0. 0. 0.

0.5 0.5 0. 0. 1. 0. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0. 0. 0. 0. 0. 0.

0. 0. 0.5 0.5 0. 1. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0. 0. 0. 0. 0. 0.
0.25 0.25 0.25 0.25 0.5 0.5 1. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0. 0. 0. 0. 0. 0.
0.25 0.25 0.25 0.25 0.5 0.5 0.5 1. 0.5 0.5 0.5 0.5 0.5 0.5 0. 0. 0. 0. 0. 0.
0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 1. 0.5 0.5 0.5 0.5 0.5 0. 0. 0. 0. 0. 0.
0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 0.5 1. 0.5 0.5 0.5 0.5 0. 0. 0. 0. 0. 0.
0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.5 1. 0.5 0.5 0.5 0. 0. 0. 0. 0. 0.
0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1. 0.5 0.5 0. 0. 0. 0. 0. 0.
0.25 0.25 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1. 0.5 0. 0. 0. 0. 0. 0.
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0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.5 05 1. 0.5 0.75 0.75
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0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.5 05 0.75 0.75 1.25 0.75

L O. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.5 05 0.75 0.75 0.75 1.25 |

Note that the array only contains six distinct values: ®500.5, 0.75, 1.0, and 1.25. These six values will be used to
create the color map used byrul | er _pcol or _matrix_pil ().

rrmul | er _pcol or_matrix_pil () produces pseudocolor plots from NRM. A pseudocolor plotnsagay of
cells that are colored based on the values the correspordifggin the NRM. The minimum and maximum values
in the NRM are assigned the first and last colors in the colprrother cells are colored by mapping their values to
colormap elements. In the example above, the minimum val0&diand the maximum value is 1.0 (Fig@é). The
two inbred animals in the population are easily identifiethasyellow diagonal elements in the bottom-left corner of
the matrix.r nul | er _spy _matri x_pil () issimilartormul | er _pcol or_matrix_pil (), butitisusedto
visualize the sparsity of a matrix. Cells are either filledjicating that the value is hon-zero, or not filled, indingti
that the cell’'s value is zero. In Figuge7it is easy to see the two separate families in the pedigree.
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Figure 9.7: Sparsity of the NRM from the Boichard et al. (1pp&digree

9.1. PyPedal Graphics
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CHAPTER
TEN

Report Generation

If we spoke a different language, we would perceive a somedifiarent world. — Ludwig Wittgenstein

10.1 Overview

An overview of the report generation tools in PyPedal is pied in this chapter. The creation of a new, custom report
is demonstrated.

PyPedal has a framework in place to support basic reportrggoe. This franework consists of two components: a
database access modylg,p_db (Section??), and a reporting modul@yp_r epor t s (Section??). The SQLite 3
database enginé{t p: / / wwv. sqgl i t e. or g/ ) is used to store data and generate reports. The Reportltab-ex
sion to Pythonlft t p: / / www. r epor t | ab. or g/ ) allows users to create reports in the Adobe Portable Dootime
Format (PDF). As a result, there are two types of reports¢hatbe produced: internal summaries that can be fed to
other PyPedal routines (e.g. the report produce@yy r eports. neanMetri cBy() can be passed foyp_-
graphi cs. pl ot _|i ne_xy() toproduce a plot) and printed reports in PDF format. Wheearaicing theyp_-

r eport s API note that the convention used in PyPedal is that pro@sduwhich produce PDFs are prepended with
'pdf’. Sections10.2and10.3demonstrate how to create new or custom rep@y®_r epor t s was added to PyPedal
with the intention that end-users develop their own custeports usingpyp_r eports. meanMetri cBy() as a
template. More material on adding new functionality to Ry&ean be found in Chaptéd.

Column names, data types, and descriptions of contentsddigpee tables are presented in Tah@1l The
metric_to_col utm andbyvar _t o_col unn dictionaries inpyp_db are used to convert between convenient
mnemonics and database column names. You may need to refabl®10.1for unmapped column names when
writing custom reports. If you happen to view a table schesirgithesqlite3 command-line utility you will notice
that the columns are ordered differently in the database tifxey are in the table; the table has been alphabetized for
easy reference.

Table 10.1: Columns in pedigree database tables.

Name Type Note(s)

age real Age of animal

alive  char(1) Animal’'s mortality status
continued on next page
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Name Type Note(s)

ancestor char(1) Ancestor status
animallD integer Must be unique!
animalName varchar(128) Animal name

birthyear integer Birth year

breed text Breed

Coi real Coefficient of inbreeding
damlID integer Dam’s ID

founder char(1) Founder status

gencoeff real Pattie’s generation coefficient
generation real Generation

herd integer Herd ID

infGeneration real Inferred generation
num_daus integer Number of daughters
num_sons integer Number of sons
num_unk integer Offspring of unknown sex
originalHerd varchar(128) Original herd ID
originallD text Animal’s original ID
pedgreeComp real Pedigree completeness
renumberedID integer Animal’'s renumbered ID
sex char(1) Sex of animal

sirelD integer Sire’s ID

10.1.1 Three Generation Pedigrees

A report for producing three-generation pedigrgedf 3GenPed() , is included in th@yp_r epor t s module. The
sample output shown in Figufié.1contains output for one animal. Howeverpiif 3GenPed() is passed a list of
animal IDs the resulting PDF will contain a pedigree for eanimal that can be printed as a booklet. See Se@tion
for usage details.

10.2 Creating a Custom Internal Report

Internal reports typically aggregate data such that thelrean be handed off to another PyPedal routine for further
processing. To do this, the pedigree is loaded into a tabBni®QLite database against which queries are made.
This is faster and more flexible than writing reporting roes that loop over the pedigree to construct reports, but it
does require some knowledge of the Structured Query Largg(8QL;htt p: / / ww. sql . or g/ ). The canonical
example of this kind of report is the passing of the dictignaturned bypyp_r eports. meanMet ri cBy() to
pyp_graphics. plot_|ine_xy() (see9.1.]). That approach is outlined in code below.
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Hovee pedipree Thu Jun & 12.02:53 2006

Pedlgree for Green's DIngo (7339534075754199471)

Eeno
(19349167
Slgler's Shorty
366454535 T16%T7I003 )
Blue Star
{19054 064587 '5'8!55'5'4}
Waood's Jay
(1383218345023490109)
Blue Khan
(19 E:54DI5455584DESE}
[Slsler's Trixle
[SHEARAEIIETEEA5 685 )
HEromnet's Bhie
(L0020 3640197763T)
Green's Dingo
(F339E3407 537154190471 )
(Unknown Farent)
{ Unlmown Parent)
[Unknown Farent)
Flv's Blue
(12547823360424 34341
(Unknown Parent)
| Enknown Farent)
Herd: 240884735 5TA0TE AL (Unknown Parent)
Bread: Unknown Bread
Inbreeding 0.0

Fadigree completenass {1571

Figure 10.1: Example of a printed three generation pedigree

10.2.

Creating a Custom Internal Report
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def inbreedi ngByYear (pedobj):
curs = pyp_db. get Cursor (pedobj . kw[ ' dat abase_nane’])

# Check and see if the pedigree has already been | oaded. |If not, do it.
if not pyp_db.tabl eExi st s(pedobj . kw ' dat abase_nane’], pedobj.kw 'dbtable_nane']):
pyp_db. | oadPedi gr eeTabl e( pedobj )

MYQUERY = "SELECT birthyear, pyp_nean(coi) FROM % GROUP BY birthyear \
ORDER BY birthyear ASC' % (pedobj . kw{’ dbtabl e_nane’])

cur s. execut e( MYQUERY)

myresult = curs.fetchall()

result_dict = {}

for _nr in nyresult:
_level, _nmean = _nr
result_dict[_level] = _nean

return result_dict

You should always check to see if your pedigree has been dbiatie the database before you try and make queries
against the pedigree table or your program may crashbr eedi ngByYear () returns a dictionary contain-
ing average coefficients of inbreeding keyed to birth yearfie query resultmyresult is a list of tuples; each
tuple in the list corresponds to one row in an SQL resultsehe Tuples inmyresultare unpacked into tempo-
rary variables that are then stored in the dictionaggult_dict (for information on tuples see the Python Tutorial
(htt p: // www. pyt hon. or g/ doc/ t ut/ node7. ht M #SECTI ONOO7300000000000000000). If the re-
sultset is emptyresult_dict will also be empty. As long as you can write a valid SQL quernytfee report you'd
like to assemble, there is no limitation on the reports tlaat loe prepared by PyPedal.

10.3 Creating a Custom Printed Report

If you are interested in custom printed reports you shoulgirbby opening the filgyp_r eport s. py and reading
through the code for thpdf Pedi gr eeMet adat a() report. It has been heavily commented so that it can be used
as a template for developing other reports. ReportLab des/fairly low-level tools that you can use to assemble
documents. The basic idea is that you create a canvas on whighimage will be drawn. You then create text
objects and draw them on the canvas. When your report is &$sdou save the canvas on which it's drawn to a
file. PyPedal provides a few convenience functions for swchraonly-used layouts as title pages and page "frames”.
In the following sections of code | will discuss the creatioha pdf | nbr eedi ngByYear () printed report to
accompany thé nbr eedi ngByYear () internal report written in Sectiof0.2 First, we import ReportLab and
check to see if the user provided an output file name. If thep'tirevert to a default.

def pdflnbreedi ngByYear (pedobj,results,titlepage=0,reporttitle="",reportauthor="", \
reportfile=""):
i mport reportlab
if reportfile == "~
_pdfQutfile "% _i nbreedi ng_by_year.pdf’ % ( pedobj.kw 'default_report’] )
el se:
_pdfQutfile = reportfile

Nextcall_pdflnitialize(),whichreturnsa dictionary of settings, mostly related ag@ size and margin loca-
tions, that is used throughout the routingadf I ni ti al i ze() uses theaper _si ze keyword in the pedigree’s
options dictionary, which is either ‘letter’ or ‘A4’, andétdef aul t _uni t , which is either ‘inch’ or ‘cm’ to populate
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the returned structure. This should allow users to move éetwaper sizes without little or no work. Once the PDF
settings have been computed we instantiate a canvas objedtioh to draw.

_pdfSettings = _pdfinitialize(pedobj)
canv = canvas. Canvas(_pdfQutfile, invariant=1)
canv. set PageConpr essi on( 1)

There is a hook in the code to toggle cover pages on and of§ dtguably rather pointless to put a cover page on
a one-page document, but all TPS reports require new coxetshThe call to pdf Dr awPageFr ane() frames

the page with a header and footer that includes the pedigmee ndate and time the report was created, and the page
number.

if titlepage:
if reporttitle == "’
reporttitle = 'nmeanMetricBy Report for Pedigree\n%’ \
% (pedobj . kw[ ' pednane’])
_pdf CreateTi tl ePage(canv, _pdfSettings, reporttitle, reportauthor)
_pdf DrawPageFr ame( canv, _pdf Settings)

The largest chunk of code pdf | nbr eedi ngByYear () is dedicated to looping over the input dictionamssults

and writing its contents to text objects. If you want to chanige typeface for the rendered text, you need to make
the appropriate changes to all callsaanv. set Font (" Ti nes- Bol d", 12). The ReportLab documentation
includes a discussion of available typefaces.

canv. set Font (" Ti mes- Bol d", 12)
tx = canv. begi nText( _pdfSettings[’' _pdfCalcs ][’ _left_margin'],
_pdfSettings[’ _pdfCalcs’ ][’ _top_margin’] - 0.5 % \
_pdf Settings[’ _pdfCalcs’ ][’ _unit’'] )

Every printed report will have a section of code in which thptit is processed and written to text objects. In this case,
the code loops over the key-and-value pairsagults determines the width of the key, and creates a string with th
proper spacing between the key and its value. That strirtgeis Written to & x. t ext Li ne() object.

# This is where the actual content is witten to a text object that
# wi |l be displayed on a canvas.
for k, _vinresults.iteritens():
if len(str(_k)) <= 14:
line = "\t%:\t\t%" % (_k, _v)
el se:
_line = "\t¥%:\t%' % (_k, _v)
tx.textLine(_line)

ReportLab’s text objects do not automatically paginatentseves. If you write, say, ten pages of material to a text
object and render it without manually paginating the obyext’re going to get a single page of chopped-off text. The
following section of code is where the actual paginatiorusscso careful cutting-and-pasting should make paginatio
seamless.
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# Pagi nate the docunent if the contents of a textLine are |onger than one page.
if tx.getY() < _pdfSettings[’ _pdfCalcs ][’ _bottommargin'] + \
0.5 » _pdfSettings[’ _pdfCalcs' ][’ _unit’]:
canv. dr awText (t x)
canv. showPage()
_pdf DrawPageFr ane( canv, _pdf Settings)
canv. set Font (' Ti nes- Roman’, 12)
tx = canv. begi nText( _pdfSettings[’ _pdfCalcs ][’ _left_margin'],
_pdfSettings[’ _pdfCalcs’ ][’ _top_nmargin’] -
0.5 » pdfSettings[’' _pdfCalcs’ ][’ _unit’'] )

Once we’re done writing our text to text objects we need tavdifze text object on the canvas and make the canvas
visible. If you omit this step, perhaps because of the kindafible cutting-and-pasting accident to which | am prone,
your PDF will not be written to a file.

if tx:
canv. dr awText (t x)
canv. showPage()
canv. save()

While PyPedal does not yet have any standard reports thHatiegraphics, ReportLab does support adding graphics,
such as a pedigree drawing, to a canvas. Interested reduerisl sefer to the ReportLab documentation.
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CHAPTER
ELEVEN

Implementing New Features

First, solve the problem. Then, write the code. — John Johnso

11.1 Overview

In this chapter, an example of wil be provided of how to ext®yiPedal by creating a user-defined routine. New
routines may implement a new measure of genetic diversitgnel the graphics module, add a new report, or group a
series of actions into a single convenient routine.

One of the appealing features of PyPedal is its easy exiétysiln this section, we will demonstrate how to add a
user-written module to PyPedal. The fijgp_t enpl at e. py that is distributed with PyPedal is a skeleton that can
be used to help you get started writing your custom modul®&¢s) should also look at the source code of the standard
modules, particularly if there is already a routine thatsleemething similar to what you would like to do, to see if
you can jump-start your project by reusing code.

11.1.1 Defining the Problem

Before you open your editor and begin writing code you needl¢arly define your problem. Answering a few
guestions can help you do this:

* What output do | want from my routine?
« What calculations do | need to perform?
« What input do | need to give my routine in order to performd@ealculations?

« Are there any PyPedal routines that already do somethinigesi?

The last question is as important as the others — if thererémdy a PyPedal routine that does similar calculations
you can use it as a starting point. Code reuse is a great idea.

The problem that will motivate the rest of this section saumdry tricky, but is not really so bad because we are
going to reuse a lot of code. | want to create a routine for drgyedigrees that color nodes (animals) based on their
importance as measured by their connectedness to othealsrimthe pedigree. After a brief review of the contents
of the Module Template in Sectidrll.2, | will present a detailed solution to this problem in Seotid..3
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11.2 Module Template

The file ‘pyp_template.py’ is a skeleton that can be used to get started writing a custodule. The first thing you
should do is save a copy giyp_template.py’ with your working module name; we will use the filenanpgp_jbc.py’

for the following example. You should also fill-in the modhleader so that it contains your name, e-mail address, etc.
The version number of your module does not have to match fittaeanain PyPedal distribution, and is only used as
an aid to the programmer.

S I B R I R G i
# NAVE: pyp_j bc. py

# VERSI ON: 1.0.0 (16NOVEMBER2005)

# AUTHOR: John B. Cole, PhD (jcole@ipl.arsusda.gov)

# LI CENSE: LGPL

S A B L T B i

# FUNCTI ONS:

# get _col or _32()

# col or _pedi gree()

# draw_col ored_pedi gree()

B R T T B R T R B T B A R A T T T R R R R T T AT BT

The imports section of the template includegpor t statements for all of the standard PyPedal modules. Theoe’s
harm in including all of them in your module, but it's good ptige to include only the modules you need. You should
always include thé oggi ng module because it's needed for communicating with the leg forpyp_j bc | am
including only thepyp_gr aphi cs, pyp_net wor k, andpyp_ut i | s modules.

#it

# pyp_j bc provides tools for enhanced pedi gree draw ng.
i

i mport | ogging

from PyPedal inport pyp_graphics

from PyPedal inport pyp_network

from PyPedal inport pyp_utils

There is a very sketchy function prototype included in thegfate. It is probably enough for you to get started if you
have a little experience programming in Python. If you ddwaite any experience programming in Python you should
be able to get up-and-running with a little trial-and-emod some study of PyPedal source. You should always write a
comment block similar to that attachedytour Funct i onNane() for each of your functions. This comment block

is recognized by PythonDoc, a tool for automatically getiegaprogram documentation. Parameters are the inputs
that you send to a function, return is a description of thecfiom’s output, and defreturn is the type of output that is
returned, such as a list, dictionary, integer, or tuple.
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##

# your Functi onNane() <description of what function does>
# @par am <par anet er _nanme> <par aneter description>

# @eturn <description of returned val ue(s)

# @lefreturn <type of returned data, e.g., 'dictionary’ or 'list’>
def your Functi onName(pedobj):
try:

# Do sonet hing here
| oggi ng. i nfo(’ pyp_tenpl ate/ your Functi onNanme() di d sonething.’)
# return a val ue/dictionary/etc.
except :
| oggi ng. error (' pyp_t enpl at e/ your Functi onNane() encountered a problem’)
return O

11.3 Solving the Problem

The measure of connectedness | am going to use for coloragetigree is the proportion of animals in the pedigree
that are descended from each animal in the pedigree. In todkr this we need to do the following:

1. Compute the proportion of animals in the pedigree thatdaszended from each animal in the pedigree; the
values will be stored in a dictionary keyed by animal IDs.

2. Map the proportion of descendants from decimal value$errtterval (0,1) to RGB triples.

3. Use the RGB triples to set the fill color for nodes.

There is not an existing function for the first item, but thexe function in thepyp_net wor k module,fi nd_-
descendant s() , for identifying all of the descendants of an animal. We csatle length of the list of descendants
and the number of animals in the pedigree to calculate theqgotion of animals in the pedigree descended from that
animal. Thecol or _pedi gree() function creates a dictionary and loops over the pedigremtopute the pro-
porions. It also callglr aw_col or ed_pedi gr ee(), which is a modified version gfyp_gr aphi cs. draw -

pedi gr ee(), to draw the pedigree with colored nodes.
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#H
# col or _pedigree() fornms a graph object froma pedi gree object and
# determ nes the proportion of aninals in a pedigree that are
# descendants of each animal in the pedigree. The results are used
# to feed draw_col ored_pedigree().
# @aram pedobj A PyPedal pedigree object.
# @eturn A 1 for success and a O for failure.
# @lefreturn integer
def col or _pedi gree(pedobj):
_pedgraph = pyp_network. ped_t o_graph(pedobj)
_dprop = {}
# Wal k the pedi gree and conpute proportion of aninmals in the
# pedi gree that are descended from each ani nal .
for _p in pedobj. pedigree:
_dcount = pyp_network. find_descendants(_pedgraph, _p.aninmalID[])
if len(_dcount) < 1:
_dprop[ _p. ani nal | O]
el se:
_dprop[_p-aninmal I D] = float(len(_dcount)) / \
f | oat (pedobj . net adat a. num r ecor ds)
del (_pedgr aph)

0.0

_gfilename = "% _colored” %\
(pyp_utils.string_to_tabl e_nane(pedobj.netadata. nane))
draw_col or ed_pedi gree(pedobj, _dprop, gfilenane=_gfil enane,

gtitle=" Col ored Pedigree’, gorient="p’, gname=1, gdirec="",
gf ontsi ze=12, garrow=0, gtitloc="b")

pyp_graphi cs. draw_pedi gr ee() was copied intpyp_j bc, renamed tar aw_col or ed_pedi gree(),
and modified to draw colored nodes. Two basic changes were moagiccomplish that: the function was altered to
accept a dictionary of weights to be used for coloring, ardedor actually coloring the nodes was written. The first
change was simply the addition of a new required paranmgtading to the function header. The second step required
a little more work. For each animal in the pedigree, the dedant proportion is looked-up in the shading dictionary,
the proportion is passed et _col or _32() and converted into an RGB triple, and thel | ed andcol or
attributes for the node representing that animal are set.HEindest part of creating this routine was determining wher
changes should be made when modifyjrygp_gr aphi cs. dr aw_pedi gree().
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#H

# draw_col ored_pedi gree() uses the pydot bindings to the graphviz library
# to produce a directed graph of your pedigree with paths of inheritance
# as edges and aninmals as nodes. |If there is nore than one generation in
# the pedigree as determind by the 'gen’ attributes of the aninmals in the
# pedi gree, draw _pedigree() will use subgraphs to try and group aninals in
# the sane generation together in the drawing. Nodes will be col ored

# based on the nunber of outgoing connections (nunber of offspring).

# @ar am pedobj A PyPedal pedigree object.

# @aram shading A dictionary mapping animal IDs to levels that will be

# used to col or nodes.

#
#
#
d

@eturn A1 for success and a 0 for failure.
@lefreturn integer
ef draw_col ored_pedi gree(pedobj, shading, gfilename='pedigree’, \
gtitle="My_Pedigree’, gformat="jpg’, gsize="f', gdot="1", gorient="1", \
gdirec="", gnane=0, ¢gfontsize=10, garrow=l, gtitloc="bh', gtitjust="¢'):

frompyp_utils inport string_to_table_nane
_gtitle = string_to_table_nane(gtitle)

# If we do not have any generations, we have to draw a | ess-ni ce graph.
if len(gens) <= 1:
for _min pedobj. pedigree:
_an_node = pydot. Node(_node_nane)
_color = get_col or_32(shadi ng[_m animal | D], 0.0, 1. 0)
_an_node.set_style('filled)

_an_node. set _col or(_col or)

# Ot herwi se we can draw a nice graph.

for _min pedobj. pedigree:
_an_node = pydot. Node(_node_nane)

_color = get_color_32(shading[_maninal D)
_an_node.set_style('filled )
_an_node. set _col or(_col or)

Theget _col or _32() function is a modified version giyp_gr aphi cs.rmul | er _get col or () that re-
turns RGB triplets of the form#1a2b3c’, which are required by the program that renders the graphss is another
example of how code reuse can reduce development time.
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H*

get _color_32() Converts a float value to one of a continuous range of colors
using recipe 9.10 fromthe Python Cookbook.
@aram a Float value to convert to a color.
@aramcnin Mnimumvalue in array (0.0 by default).
@ar am cmax Maxi mum value in array (1.0 by default).
@eturn An RGB triplet.
@lefreturn integer
ef get_color_32(a, cm n=0.0, cmax=1.0):
try:
a = float(a-cmn)/(cmax-cmnin)
except ZeroDivisionError:
a=0.5 # cmax == cnin
bl ue = mn((max((4*(0.75-a),0.)),1.))
red = min((max((4+x(a-0.25),0.)),1.))
green = mn((max((4*math. fabs(a-0.5)-1.,0)),1.))
r = 79%@x" % int(255+red)
if r[0] ==" ":
r ='0%" % _r[1]
g = "9%®x’ % int(255*green)
if _g[0] ==" ":
9 ='0%" % _g[1]
b ="%x" %int(255*bl ue)
if _b[0] ==" ":
b ="0%" %_b[1]
_triple = "#%%%’ % (_r,_g,_b)
return _triple

O HHHFHFHHFR

This change will probably be to rolled intonul | er _get col or () so that the form of the return triplet is user-

selectable.

The programnew_jbc.py’ demonstrates use of the ngwyp_j bc. col or _pedi gree() routine:

options = {}
options[’renunber’] =1

options[’sepchar’] = "\t’

options[’m ssing_parent’] = 'aninal 0’

if name__ ==" mmin__':
options[’pedfile’] = 'new_ids2. ped
options[’ pedformat’] = ' ASD
opti ons[’ pednane’] = ’'Boichard Pedi gree’

exanpl e = pyp_newcl asses. | oadPedi gr ee( opti ons)
pyp_j bc. col or _pedi gr ee( exanpl e)

The resulting colorized pedigree can be seen in Fiddré Each of the nodes is colored according to the proportion
of animals in the complete pedigree descended from a givienehnClearly there is still room for improvement; for
example, there is no key provided in the image so that you eamew colors map to proportions. Implementation of

a key is left as an exercise for the reader.
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Figure 11.1: Colorized version of the pedigree in Figar2
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11.4 Contributing Code to PyPedal

If you would like to contribute your code back to PyPedal paote that it must be licensed under version 2.1 or
any later version of the GNU Lesser General Public Licendee GNU LGPL has all of the restrictions of the GPL
except that you may use the code at compile time without thiwatve work becoming a GPL work. This allows
the use of the code in proprietary works. You must also cotepd@d return the joint copyright assignment form
distributed apypedal _copyri ght _assi gnment . pdf before any contributions can be accepted and merged
into the development tree.

Contributors are asked to document their code using therdentation comments recognized by PythonDoc 2.0 or
later ht t p: // ef f bot . or g/ zone/ pyt hondoc. ht n). PythonDoc is used to generates API documentation in
HTML and other formats based on descriptions in Python sofiles. You are also strongly encouraged to provide
example programs abd datasets with any code submissions.
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CHAPTER
TWELVE

Glossary

Just as birds have wings, man has language. — George HenmgsLew

This chapter provides a glossary of terins.

ancestor loss coefficientSee: pedigree completeness.

coefficient of ancestral inbreeding The probability that an individual jas inherited an allehatt has undergone in-
breeding in the past at least once.

coefficient of inbreeding Probability that two alleles selected at random are idahbg descent.

coefficient of partial inbreeding The probability that the alleles at an arbitrary locus inaividual are identitical-
by-descent, and that the alleles were derived from an atledeparticular founder.

coefficient of relationship Proportion of genes that two individuals share on average.

effective ancestor number The number of equally-contributing ancestors, not necéggaunders, needed to pro-
duce a population with the heterozygosity of the studieduytettipn Boichard, Maignel, and Verrier 199.7

effective founder number The number of equally-contributing founders needed to peceda population with the
heterozygosity of the studied populatidra¢y 1989.

effective population size The effective population size is the size of an ideal popaethat would lose heterozygos-
ity at a rate equal to that of the studied populatiBal¢oner and MacKay 1996

founder An animal with unknown parents that is assumed to be uniktatall other founders.

internal report A PyPedal() report that is intended for use by other PyPggabcedures, such as plotting routines,
and not for printing.

numerator relationship matrix Matrix of additive genetic covariances among the animaksgopulation.
pedigree A PyPedal pedigree consists of a Python list containingimsts of PyPed&dlewAni nal () objects.
pedigree completenesshe proportion of known pedigree information for an arbigraumber of generations.

renumbering Many calculations require that the animals in a pedigreerbered from oldest to youngest, with sires
and dams preceding offspring, and renumbered startingWwifthis is a computational necessity, and results in
an animal’s ID &ni nal | D) being changed to reflect that animal’s order in the pedigddenimals have their
original IDs stored in theior i gi nal Nane attribute.

reordering The process of arranging animals in a pedigree so that maemmear before their offspring; this is a
necessary step in renumbering a pedigree.

1please let me know of any additions to this list which you feelild be helpful.
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APPENDIX
A

Example Programs

Either I've invented a whole new logic or, ahem, I’'m not plagiwith a full deck. — Philip K. Dick

A number of example programs are distributed with PyPedablgA.1 provides the name of each file, the configura-
tion and pedigree files used by those programs, and a briefigésn of the concepts and techniques presented.

Table A.1: Example programs distributed with PyPedal.

Program Name

Configuration
File

Pedigree File

Description

new_amatrix.py

new_classes.py
new_db.py

new_decompose.py
new_doug.py
new_format.py

new_graphics.py
new_hartl.py

new_ids.py

new_amatrix.ini

new._classes.ini
new_db.ini

new_decom-
pose.ini
new_doug.ini

new._format.ini

new_graphics.ini
new_hartl.ini

new_ids.ini

new_amatrix.ped

boichard2.ped
hartlandclark.ped

new_decom-
pose.ped
doug.ped
boichard2a.ped

boichard2.ped
hartlandclark.ped

new_ids2.ped

Create, save, load, and view information about NewA-
Matrix objects

?2??

Loading a pedigree into SQLite and creating a report
of mean inbreeeding by birth year

Use of numerator relationship matrix decomposition
subroutines ipyp_nrm

Reading a pedigree in which names are strings, draw-
ing pedigrees

Reading a pedigree using the ‘skip column’ format
code (2), printing pedigree metadata

Use of a number of routines fropy p_gr aphi cs
Demonstrates use ofpyp_graphi cs. draw -

pedi gree()

Demonstrates reading tab-delimited files, using strings
as animal IDs, overriding the default missing parent

code, printing animal records

continued on next page
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Program Name

Configuration
File

Pedigree File

Description

new_inbreeding.py

new_inbreeding2.py

new_jbc.py
new_lacy.py
new_methods.py
new_networkx.py

new_options.py
new_renumbering.py

new_reporting.py
new_simulate.py

new_sqlite.py

new_inbreed-
ing.ini
new_inbreed-
ing2.ini,
new_inbreed-
ing2multiple.ini
new_jbc.ini

new_lacy.ini,
new._format.ini
new._format.ini

new_net-
workx.ini
new_options.ini
new_renumber-
ing.ini
new_reporting.ini

new_simulate.ini

None

new_renumber-
ing.ped
new_renum-
bering.ped,
horse.ped

new_ids2.ped

new_lacy.ped,
boichard2a.ped
boichard2a.ped

generations.ped

new_lacy.ped
new_renumber-
ing.ped
new_renumber-
ing.ped

None

None

Calculating coefficients of inbreeding

Advanced .ini file techniques, computations on ex-
tremely inbred animals, calculation of summary statis-
tics for coefficients of relationship

Usingpyp_j bc. col or _pedi gree() to produce
a weighted, colored pedigree
Calculating effective ancestor and founder numbers

Use of pyp _netrics.related_ani nal s()
andpyp_netrics. common_ancest ors()
Use of [algebraic] graph functions

Use of the configuration files

Renumbering a pedigree, calculating inbreeding, pedi-
gree drawing

Use of reporting functions

Demonstrates how to create a random pedigree and
produce a drawing of that pedigree

Demonstrates the use of textstreams and an SQLite
database
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APPENDIX
B

GEDCOM File Handling

PyPedal is capable of importing from, and exporting to, GEIMC5.5 files using a subset of data record and tag
types from the standard (Tab®?). Most of the information that can be exchanged in GEDCOMsfilas no direct
use in PyPedal, so important information from PyPedal'sipof-view is not lost. However, it's important to note
thatPyPedal's GEDCOM import and export is lossy This means that information in a GEDCOM file is lost when
importing the file, and data from PyPedal pedigrees is lostrwéxporting. There are many free and commercial
packages for doing human genealogy that take full advartba@&EDCOM, so you might want to look at one if you
need more advanced GEDCOM support than PyPedal provides.

Table B.1: GEDCOM 5.5 data records and tags imported by P3lPed

Data Record Type| Supported Tags | Descriptiort
Fam_Record FAM Alphanumeric with underscores; formed from parent
IDs
HUSB Sire, if known
WIFE Dam, if known
CHIL Pointer to IndividualRecord (one record per child)
IndividualL_Record| INDI Individual ID
SEX M, F, or U (unknown)
NAME Individual's name, if known
BIRT Indicates that a birth date or year follows
DATE Birth date or birth year, if known
FAMC Pointer to family to which this individual belongs
FAMS Pointer to family in which this individual is a parent

The list of recognized tags is hard-coded in a list nakmsalvn_tagsin pyp_i 0. | oad_from gedcon().

Table B.2: GEDCOM 5.5 data records and tags exported by RyPed

Data Record Typd Supported Tags | Descriptio?
Header HEAD —

SOUR PYPEDAL
continued on next page
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Data Record Type| Supported Tags | Descriptior
VERS V2.0
CORP USDA-ARS-BA-ANRI-AIPL
DEST PYPEDAL
DATE Timestamp from time of file creation
FILE Filename provided by user
GEDC —
VERS VERS 5.5
FORM Lineage-Linked
CHAR ASCII
Fam_Record FAM Alphanumeric with underscores; formed from parent
IDs
HUSB Sire, if known
WIFE Dam, if known
CHIL Pointer to IndividualRecord (one record per child)
Individual_.Record| INDI Individual ID
SEX M, F, or U (unknown)
NAME Individual's name, if known
BIRT Indicates that a birth date or year follows
DATE Birth date or birth year, if known
FAMC Pointer to family to which this individual belongs
FAMS Pointer to family in which this individual is a parent

Some tags have slightly different connotatios in PyPedat ih GEDCOM. For example, in human genealogy mar-
riages are important events, but that is not the case in dpiedigrees. PyPedal creates family records only for unique
mating pairs, and marriage information is lost when impawta GEDCOM file. Similarly, no marriage information
is exported, and you will not see any family records contegronly HUSB and WIFE tags. Founders (animals with
both parents unknown) will have individual records but nmifgt records. The default birth year used by PyPedal is
1900; if you do not override that value then individuals vaitth years of 1900 will not have BIRT/DATE tags written
to their individual record. The same is true of default battites (01011900).

Importation is done by reading the GEDCOM file, parsing oetshpported tags into “family” and “individual”, and
using Python dictionaries (hash tables) to map everythowdto individual records. Those individual records are
then written to a file, the pedigree format string and pedfiéleables are updated for the new file. That file is then
loaded automatically. The downside is that you end up with ¢apies of each pedigree file, but disc space is cheap.
| won't add an option for automatic deletion of the origindEBCOM file becuase of the lossiness of the import
procedure.

The export process is uncoupled from the import process. cémuexport any pedigree that PyPedal can read as a
GEDCOM file regardless of the original source. Perhaps sameg types will be interested in some of the calcula-
tions that PyPedal can do, or perhaps a dog breeder will detong unexpected, such as exporting to GEDCOM so
that they can use GRAMPS or something like that to manipulede data. Who knows. Anyway, PyPedal supports
two-way data flow.
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APPENDIX
C

GENES File Handling

PyPedal is capable of importing from, and exporting to, thBask IIl file format used by Robert
Lacy’s GENES 1.20 program h{t p://ww. vortex9. org/ genes. htnl). The code that does
the actual conversion is a modified version of "Recipe 36271®DBF reader and writer (Python)”
(http://code. activestate.com reci pes/ 362715/) by Raymond Hettinger. The changes I've made
were mostly mappings between GENES and PyPedal varialdesgh as some code to catch potential errors on
the inputs and outputs. It is my understanding that the PSleruwhich Hettinger's code was released is compatible
with the GPL, under which PyPedal is licensed.

As one might expect, PyPedal supports only a subset of tleecdatained in a GENES studbook file. That is because
some of the metrics calculated by GENES do not have correpgiguantities in PyPedal. (Taklz1). It's important

to note that PyPedal's GENES import and export is lossy! Tiéans that information in a GENES file is lost when
importing the file, and data from PyPedal pedigrees are lbstnvexporting.

Table C.1: GENES 1.20 data records and tags exported by BiPed

Data Field | PyPedal Variable| Descriptiorf

STUD ID animallD Alphanumeric animal ID, converted to integer ID
originallD Alphanumeric animal ID stored as string

SIRE ID sireName Alphanumeric sire ID, if known

DAM ID damName Alphanumeric dam ID, if known

BDATE bd Animal birthdate

SEX sex Mapped from 0/1 to f/m

LOCATION | originalHerd Location of animal, if known

DEAD alive Mapped from 0/1 to 1/0

INBREED | fa Coefficient of inbreeding

AGE age Age of animal

Some tags have slightly different connotatios in PyPedal th GENES. For example, GENES distinguished between
animals that are known to be founders (parents are "WILDY #iose with unknown parents that are assumed to be
from the current population (parents are "UNK”). PyPedaéslomot make such a distinction, and treats all animals
with unknown parents as founders. The default birthdat@1@9200) used by PyPedal also may not make particular
sense to GENES users.

Importation is done by reading the GENES file and mapping timperted fields to their corresponding PyPedal
attributes. Those individual records are then written toley the pedigree format string and pedfile variables are
updated for the new file, and that file is then loaded autoralfficThe downside is that you end up with two copies
of each pedigree file, but disc space is cheap. | won’t add Harofor automatic deletion of the original GENES file
because of the lossiness of the import procedure.

The export process is uncoupled from the import process. césuexport any pedigree that PyPedal can read as a
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GENES file, regardless of the original source. Claire RgBiarrell Institute of Conservation and Ecology, Univeysit
of Kent) asked for this feature quite a long time ago, and llfrgot around to adding it. | hope that late is better than
never.
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