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Background

9 Why do we care about genetic variability ?

•Avoid
 

increase
 

in inbreeding
• Inbreeding

 
depression

• Recessive
 

abnormalities
• Preserve

 
diversity

 
and flexibility

• Preserve
 

long-term
 

progress

9 Intense, short-term selection very efficient
9 But risk of bottlenecks
9 Selecton of related animals facilitated with BLUP 



Context

9 Breeders on the Canadian Swine Improvement Program 
have access to basic tools on CCSI website

• inbreeding
 

coefficients 
• family

 
trees

• mating
 

plans

9 Need for more tools to optimise selection strategies
while managing genetic variability

9 Specific emphasis on the impact of the extensive use 
of some boars in selection



Cletus icon in PigsOnTheWeb



Boar B (Boar B (DurocDuroc) ) 
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Boar B (Boar B (DurocDuroc))
SirelineSireline EBVEBV

Age to 100 kg (mm)Age to 100 kg (mm) --5.65.6 ☺☺
 

☺☺
 

☺☺

BackfatBackfat at 100 kg (mm)at 100 kg (mm) --0.770.77 ☺☺

Loin depth (mm)Loin depth (mm) +4.97+4.97 ☺☺
 

☺☺
 

☺☺

Loin eye area (cmLoin eye area (cm22)) +4.73+4.73 ☺☺
 

☺☺
 

☺☺

Feed Feed convconv. ratio (kg/kg). ratio (kg/kg) --0.0960.096 ☺☺
 

☺☺
 

☺☺

Lean Yield (%)Lean Yield (%) +1.01+1.01 ☺☺
 

☺☺

Total born (piglets/litter)Total born (piglets/litter) --0.470.47 //
Sire line Index (pts)Sire line Index (pts) 152152 ☺☺

 
☺☺

 
☺☺

 
☺☺

Dam Line Index (pts)Dam Line Index (pts) 120120 ☺☺



Extensive use of some
 

boars
 

: what
 

is
 

the problem
 

?

9 Bottlenecks in pedigrees

9 Reduced choices in mating plans at the next generation

9 Long-term reduction of genetic variability

9 Increased inbreeding

9 Risk of transmission of undesirable genes

«
 

Short-term
 

gain = Long-term
 

pain
 

»



Inbreeding
 

trends in Canadian swine
 

populations
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Available
 

pedigree information

Pedigree completeness
for animals born in 2004
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Probablilities
 

of gene
 

origin
 

: definitions

F
Number of founders

=
Number of ancestors with unknown parents 

(usually ‘informatic’ founders)



Probablilities
 

of gene
 

origin
 

: definitions

Fe
Effective number of founders

=

number
 

of equally
 

contributing
 

founders
 

that
 

would
 

be
 expected

 
to produce

 
the same

 
variability

 
as in the 

population under
 

study

Computed
 

using
 

contributions of each
 

founder
 

to a reference
 population :

 
Fe = 1/Σqk

2

Fe ≤
 

F



Fa
Effective number of ancestors

=

Minimum number
 

of ancestors
 

(founders
 

or not) 
necessary

 
to explain

 
the complete

 
genetic

 
diversity

 
of the 

population under
 

study

Computed
 

using
 

the marginal contribution of each
 

ancestor

Fa
 

≤
 

Fe
 

≤
 

F

Probablilities of gene origin : definitions



Ng
Effectve number of remaining founder genomes

=

based
 

on the probability
 

that
 

a given
 

gene
 

present
 

in the 
founders

 
(‘founder

 
gene’) is

 
still

 
present

 
in the population 

under
 

study

Computed
 

by simulation of allele
 

transmission through
 

the real 
pedigree, using

 
Monte Carlo simulation (>=500 replications)

Ng
 

≤
 

Fa
 

≤
 

Fe
 

≤
 

F

Probablilities of gene origin : definitions



Example

Population F Fe Fa Ng

Total 6 5.6 2.9 2.5

FamilyFamily 11 44 44 22 1.81.8

FamilyFamily 22 22 22 22 1.11.1



Why
 

several
 

criteria
 

?

What’s
 

taken
 

into
 

account
 

:

9Fe : contributions of founders

9Fa : contributions of founders + bottlenecks

9Ng : contributions of founders + bottlenecks + genetic drift

Ng
 

≤
 

Fa ≤
 

Fe ≤
 

F



What’s
 

the situation 
in Canadian swine

 
populations ?



Duroc breed

~ 21,000 pigs
 

born/year
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Landrace
 

breed

~ 35,000 pigs born/year
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Yorkshire breed

~ 53,000 pigs born/year
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TattooTattoo sexsex Birth yearBirth year
#direct#direct
ProgenyProgeny

Marginal Marginal 
contribucontribu 

tiontion

Cumulated Cumulated 
contribucontribu 

tiontion

11 DLDA53HDLDA53H MM 19981998 398398 5.825.82 5.825.82

22 USA86HUSA86H MM 19981998 958958 5.435.43 11.2611.26

33 MALU1297GMALU1297G MM 19971997 945945 5.255.25 16.5016.50

44 USA321MUSA321M MM 20022002 14311431 5.235.23 21.7321.73

55 ASGE812EASGE812E MM 19951995 10011001 5.075.07 26.8026.80

66 DLDA93LDLDA93L MM 20012001 10831083 3.153.15 29.9629.96

77 SOGE2348FSOGE2348F MM 19961996 250250 2.852.85 32.8132.81

88 JML131YJML131Y MM 19891989 327327 2.482.48 35.2935.29

99 LEF785CLEF785C MM 19931993 348348 1.921.92 37.2137.21

1010 ASZG1194EASZG1194E MM 19951995 415415 1.921.92 39.1339.13

Most influential ancestors to gene pool -
 

Duroc
 

2004-2006



Most influential ancestors to gene pool

Cumulated contributions of main ancestors
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SummarySummary

99 InbreedingInbreeding trends not trends not veryvery accurateaccurate due to due to 
pedigree pedigree incompletenessincompleteness

99 InbreedingInbreeding usuallyusually wellwell controlledcontrolled withwith
accurateaccurate matingmating plan plan toolstools

99 Effective Effective numbersnumbers of of ancestorsancestors (F(Faa) and ) and 
numbernumber of of remainingremaining founderfounder genomesgenomes ((NNgg) ) 
more more meaningfulmeaningful



Implications

9 These criteria are retrospective, but useful to make
breeders aware of the situation

9 In spite of imports, there is evidence of a loss of 
genetic variability in all breeds

9 This is a consequence of bottlenecks in pedigrees 
(widely used boars, Hal eradication programs, etc) but 
also of BLUP-based selection which facilitates the 
selection of related candidates.



Programs for pedigree Programs for pedigree analysisanalysis
 

availableavailable
 

atat

http://www-sgqa.jouy.inra.fr/









WorkWork
 in in progressprogress

 (1)(1)

99 More monitoring More monitoring ÆÆ warningswarnings

99 ProvideProvide more more indicatorsindicators
99 CoancestryCoancestry index for index for eacheach pigpig (NIG)(NIG)
99 Inclusion in Inclusion in selectionselection indices ?indices ?

99 Use of Use of molecularmolecular information to information to approachapproach
and manage and manage ‘‘realreal’’ geneticgenetic variabilityvariability (CAGR (CAGR 
–– Centre for Animal Centre for Animal GeneticGenetic ressources in ressources in 
Saskatoon)Saskatoon)



WorkWork
 in in progressprogress

 (2)(2)

99 So far So far wewe have have lookedlooked atat geneticgenetic improvementimprovement and and 
geneticgenetic diversitydiversity separatelyseparately ÆÆ needneed for for optimizingoptimizing
geneticgenetic progressprogress and and geneticgenetic diversitydiversity jointlyjointly

99 OptimizeOptimize stepssteps in the in the breedingbreeding schemescheme whichwhich have a have a 
major impact on major impact on geneticgenetic variablityvariablity::

••

 

MatingMating
 

plansplans
••

 

SelectionSelection
 

of replacementsof replacements

99 NeedNeed for onfor on--line line toolstools, , workingworking withinwithin herdsherds, , 
alliances, alliances, overalloverall

99 Central Central databasedatabase veryvery usefuluseful in in thisthis contextcontext, but , but 
needneed for for veryvery up to date information (up to date information (cullingculling, , 
service, new candidates, service, new candidates, etcetc))



Suggested Suggested matingsmatings



Thank
 

you
 

!

More information ? 

www.ccsi.ca

laurence@ccsi.ca

http://www.ccsi.ca/
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