Considering multiple trait selection
strategies; why indexes work best
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“Most scholars agree there were two separate
domestication events ...of the wild boar (Sus
scrofa). ...the process began with local
hunter-gatherers hunting wild boars, then over
a period of time began managing them, and
then purposefully or unconsciously keeping
those animals with smaller brains and bodies
and sweeter dispositions.”
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HOGS ARE BEAUTIFUL!


http://archaeology.about.com/od/cterms/a/Complex-Hunter-Gatherers.htm
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* ~10,000 years ago domestication
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* Select animals to serve humans
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* Regional selection resulted in landraces
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e Locally adapted populations & V. 24 Hh f) i A
* Landraces with pedigrees led to breeds
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TYPES OF PIG BREEDS
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Evolution of Breeding
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* Breeds vary in performance traits
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« Specialization of sire lines vs dam
lines

« REHGRRKLML
« Crossbreeding used to capture
heterosis (hybrid vigor)
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Selection History 331 52

» Selection on phenotype F A ik £

* Selection on phenotype enhanced with relatives’ data
« SRGEYEIE R | R AR e £

» Selection enhanced by adjusting for environment
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* Selection enhanced with Marker Assisted Selection
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* Transgenic technology tested %% 3L [X 5 A8

* Introducing DNA from one species to another ¥ DNAM —/"MFh 5] N 2|5 —/ M Fh
* Largely refused by public and not used in livestock = B4 A A FE 4, kA H T &




Specialized Sire and Dam Lines
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Days to 250 Pounds EBV
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Phenotype = Genotype + Environmelil
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Heritability is the proportion of phenotypic variation due to
genetics (remainder of variation due to environment) 4% /1245 i 4%
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population specific A4 7k

varies by trait type

S IS B FE A reproduction/fitness
K EAEE T3 growth/conversion
FREATNZR RS carcass/meat
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Heritability estimates of some ftraits
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Y Trait Heritabilityigt& /7
T FEC (NBAD Number Born Alive (NBA) 0.10
& AR Litter Birth Weight 0.29
BIEH21 RIEE (21dwt) | Adj. 21 d weight (21dwt) 0.15

21 RN BIAFHE 5N Number piglets at 21 d 0.06
B3 AT HIARE Days to 113kg 0.30
HESE (ED Backfat probe (fat) 0.40
’ﬂﬂrx‘iz Feed efficiency 0.30
EHEE (ADG) Average Daily Gain (ADG) 0.30
JERE ) % lean (carcass) 0.48

NSIF, 2002




Response to Selection
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* AG = heritability x selection differential

AG = Bt JIxiEHER

— h2 = proportion of phenotypic variation due to
additive genetic variance

— h2 = IniEEAE AR 7 5] g B 2R AR S LU A7)
— SD = difference between population mean and
mean of individuals selected as replacements

— SD = BT EHEAIE N G & HE A AT {E
N8 ) 22 57

« The variance and selection intensity 2% 53 Fi% £ 5 &
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Difference in phenotype = 200 units

If the expected heritability for this traitis .25, then
these animals are expected to differ by 200 x 25=
50 units in breeding value,
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Expected difference in breeding value = 50 units.

Figure 1. A diagrammalic representation of the
proportion of phenotvpic differences, which are
expected to be due to differences in breeding

value for a traii with a keritability of 0.235.

NSIF, FS3
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Performance over time with selection, say ADG
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Performance over time with selection, say Aloé
i I [E] (R RS 276 50 A P B2 (R 52 M, 91 L ADG

Baseline F 2
Nucleus herd WY iE2
Commercial herd B imiE




Multiple Trait Selection
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Indirect through correlated traits [8] 422338 i 45 5 4R AE

Tandem Selection#

S PRI

— Alternate traits selected each generation %t —/Li%k B35 B PR

Independent Culling Levels J 7 (& 1K 7K 3F

— Threshold for each trait of interest &/~ B2 0 [ -4 1 BRE
Index Selection &%k 3%

— Using economic val

ue and genetic/phenotypic correlations to

combine all traits of interest into one number
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Genetic correlations of male fertility traits with
pro eny performance tralts (Wlthln a line)

£ Bt % (f—
1
/I\nm = W )
Average Daily Backfat hickness | Muscle Depth
GainHIgE TREE LR R
Volume {AFA -0.21 -0.19 -0.94
Concentration i & 0.30 -0.21 -0.49
Motility maE -0.62 0.34
#tspermcells i5F O 0.35 -0.93

il

Safranski, 2008



- 'prmrided b MNational Swine Reqgistry
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Relative response in one trait from selection for multiple traits assuming

equal heritability and no genetic correlation.

(Relative Response 1/Yn where n=number of traits.)
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Adapted from NSIF




Relative economic improvement selecting for two vs three traits

PAANVS =AM PRIR B AE X L2 57 B 18 4

RRRE A (ENA=ER DA M ] M .4
Traits in Objective Value/Unit Response Value of Response
Days to market L 17 K #(-$.17/day 4.25 days $.72
Backfat 7J & -$1.04/0.1in.  -.002 in. $.002
$.72/pig
' Days to market_ |1 K #4-$.17/day -3.75 days $.64
Backfat HhE .$1.04/0.1in. -.001 in. $.001
# Born Alive & 5 =414 $15.50/pig/litter .29 pigs/litter $.51
$1.15/pig

Adapted from National Swine Improvement Federation
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Tandem Selection
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Baseline
Backfat single trait selection
Backfat with tandem selection (1/2 the response)
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Independent Culling Levels
T )T IR IR
* If 25% of animals are to be selected
o UIRBLIRFE25%H)BNY)
— With equal weighting then the top 50% in each trait are selected
— EREREO T, PR HTI50%
* 50% X 50% = 25%

— If one trait to be weighted 2x the other then top 35% in first trait
and top 70% in second

— R — AN B —NERE 26, B4 FE— AN HE4 BT 35%
, BB MRIERT70%
e 35% X 70% = 25%




Independent Culling Levels
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Index Selection i £k

For each trait of interest matrix algebra used to include:
ST RANBOGEBIRE, R T84
— Heritabilities AL

— Genetic and phenotypic correlations 5 4% F13% 54 {46 e 14
— Economic value of a unit change  —MEAI A FI LGN E

Result is a single numeric value, typically relative dollar
value

ZE R I WEUE, EE A ST E




Index Selection i £k

All traits simultaneously included [l ELFHE T AT A HI4FAE
Correlations among traits accounted for

PR Z A HIAH SRR AR T

Economic values can be changed

25U e A] LAEAR Y

Overall value is criterion for selction

JEME AE 18 B H AR

— Superior performance in one trait offsets deficiency in another

— —FPEIR PR BRI 1 55— Fh IR i SRR
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NSIF Maternal Line Index NSIF&} %352

« MLI =100 + 7(litter size &3 %1) — 1.4(days to market |17 K%)
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To make a Selection Index 122 kI 55

» Genetic and phenotypic correlations
o WAL AR AL AE M
* Economic value of unit change in each trait
o« HUIREBAL AR BT E
 Ability to measure the trait
o B IX A Y RE
— Remember correlated response?
— I ICAFAH IR N M 2




Specialized Sire/Dam lines
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Adapted from Pork Information Gateway



Translational Genomics For Improving Sow
Reproductive Longevity (2013-2015)

P m B B ey B R A5 (2013-2015)
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An increase in the number of favorable alleles is
associated with higher genomic prediction for lifetime

number of parities (NP)
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Figure 2: The GG genotype of a SNP located in AFVPRI4 gene 1s
associated with higher success rate of sows generating first two litters

(aP=<0.10;bcP=<003)
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Using molecular genetic data
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Genomic prediction value = molecular breeding value

I [k
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— Breeding value based exclusively on genomic information
— SEA AT REAE B EFE

Used in conjunction with conventional breeding value estimates to
improve accuracy: e.g. 23% for SCC and 50% for fat% in dairy
cattle;
SAEG 8 M EAS T LR T Bilan, YAt
N23%, A N50%; (weigel et al, 2010)




Cost per Raw Megabase of DNA Sequence
DNAFFF1 HBE1 S5 4a JE s 1 A

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts
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