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Introduction CRURS

Heat stress due to global warming has increased the loss of productivity
among essential livestock such as pigs.

Takada et al.(2008) estimated that global warming will reduce average
daily weight gain of pigs in most parts of Japan by 2060, particularly by
up to 30% in some areas.

Until now, heat stress countermeasures have focused on rearing
management such as feed and equipment.
However, genetic improvement may provide a long-term solution.

Is it possible to evaluate heat-tolerant
pigs using a reaction norm model? %



Objectives CRARS

® |dentify an indicator to evaluate heat stress.
« To evaluate heat stress of pigs, identify threshold

temperatures and critical periods from the average daily
maximum temperature.

* As an indicator of heat stress, calculate the Thermal Load.

® Find out if genetic improvements for heat
tolerance are possible.
« Estimating genetic parameters using a reaction norm model.



Data ﬁ%ﬁﬂﬁ’éﬁ

Animals & Trait

* Breed: Landrace, Large White and Duroc (L, W, and D)
 Number of animals: 50,000 records on each breed
* Trait: Lifetime average daily gain (ADG) (g/ day)
= Body weight / Age
>¢ Range of body weight (BW): 70-148 kg

Weather records: Daily maximum temperature
 Estimated ambient weather records on the farm were taken

from the Agro-Meteorological Grid Square Data, NARO in
Japan.



Locations of farms and weather conditions
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Records were collected from five farms of
one breeding company.

Most farms were lower latitude and
warmer than Lyon.
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Search for TL threshold and critical periods &' \Ako’

®Thermal Load (TL): The amount of heat above the thermal neutral zone

end

TL = RHTl‘E’“ Z maxi2i(0, Max Temp. — Threshold Temp.) 4,y u Gr'ld Search N |
" start Varying range of critical periods
35 Fixed and threshold temperature to
., Therm lTherma search optimal TL.
0
25 Neutral Loa<Critical periods ® Range of critical periods:
1 to 16 weeks

Threshold before BW measurement
(in 1 week increments)

® Threshold temperature:
No threshold or 11-30°C
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Search for TL thresholds and critical periods NARO

®Statistical model
Yi]'k = FYSI ~+ SEX]' + bO * BWk + b1 * TLk + eijk

yijk - Observations

FYS; : Farm X Year X Season (Fixed effect)

Sex; : Sex (Fixed effect)

b, * BWy : Linear regression of Body Weight (covariate)
b, * TLy : Linear regression of TL (covariate)

€jjk - €error

®Indicators of model fit
Akaike's Information Criterion (AIC)



TL thresholds and critical periods % NARO

How AIC change as Range of critical

Breed periods and Threshold change (L)
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® Different TL criteria were obtained for different breeds.
» These were used to calculate TL and analyze genetic parameters.



I Reaction Norm Model [ AN

We estimated genetic parameters of heat tolerance by reaction norm
models (RNM). RNM is a first order random regression model.

It is often used in analyses that consider genetic and environmental
interactions.

In the RNM, the genetic ability of an individual is analyzed separately in

terms of its ability to be constantly expressed and its ability to fESponse:

/ Additive genetic ability \

Loss of
Lifetime productivity
mmm | due to heat ':B:' Ifl]j Response to ':D:' Environmental
average | mmm stress Constantly heat stress Effect
daily gain incer expressed (linear
regression) regression)

A= = 3




Model for estimating genetic parameters & \i5:

Viik = FYS; + Sex; + bg * BWj + by * TL ‘- el

Constantly expressed additive genetic effect (random)
@Addltl\/e genetic effect expressed in response to TL

ei]-k . error
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Estimated by AI-REML method using BLUPF90+ program.?
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Estimates of genetic parameters | NS

Landrace Large White Duroc

o5 597.22 646.48 536.65
B 1.t VR '5320 ............................ '7282'9332 ..............
e O ALB6 2186 3644 . .
........... Ot AO475 o ...5130 ......50524
......... raay..... 964 .7 961 .....7067 .

® Variations in genetic ability to response to TL (aﬁl) were observed
» Potential for heat tolerance improvement.

® Genetic correlations between the constantly expressed and TL
responsive genetic ability (r, ,,) is NEGATIVE.

» Difficulty of simultaneous improvement.



~ Change in estimated heritability with TL &

=S
NARO

-0 Formula for heritability on TLy
0.9 Landrace
0.8 —Large White h%Lk var(a, + a;TLy) :
0.7 —Duroc var(a, + a,TL,) + o:
206 | w4
e | e T el » Estimated heritability varied
0.4 with TL.
0.3 >¢ The upper limit of TL is the
02 maximum value of the data set.
E; * Similar trends were observed
0 1 2 3 4 5 6 7 8 9 10 11 12 13 for all three breeds.
TL

« Heritabilities in response to TL were confirmed.
* Moderate heritabilitis were observed even at high TLs.
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B S
Summary [ RN

® The novel indicators for evaluating heat stress on purebred
pigs reared in Japan were identified.
» Thermal load (TL) on pigs can be calculated.

® Genetic variances in response to TL were identified and
heritabilities were confirmed.

» Possibility of improving heat tolerance.

® Genetic ability constantly expressed and response to TL has
an undesirable relationship.

» Difficulty of simultaneous improvement.
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Formula for Calculating Genetic Parameters

® Breeding value(BY)
BV m environment TLy: BV = ay + a1 TL
BV m environment TL;: BV} = a, + a;TL;
® Genetic variance
« var(ay +a;TLy) = var(ag)+ var (a; TLy)*+2 cov (ag,a; TLy)
=03, + TL§ o3, + 2TLgo,,,
® Genetic covariance
* cov(ag +a;TLy,ag +a;TLy)
= var(ag)tcov (ay,a;TL;)tcov(a; TLy,ap )+TLLTL,var (a;)
= 05, + TLjo,,, + TLyo,,, + TLKTLj03,
= 03, + (TLx + TL)) 0,,, + TLiTL 03,
® Genetic correlation
63,+(TLy+TLy) 04y, +TLiTL 03,

J(aao+ TLi 03,+2TLj0a,,)*(0%,+ TLj 03,+2TL;oy,,,)
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Formula for estimated genetic
correlation between TL, and TL,

Cov(ap, + TLy #a,, ap + TLy +ay)
Fooi o =
s Var(ag + TLy < a,) « Var(a, + TL; = a,)

Landrace

0.8

0.6

Large White Duroc

0.4

-02

=00
o 1 2 3 4 5 6 7 8 9 10 11 12 13

TLy

The values of estimated genetic correlation suggest a genotype-TL
interaction effect.
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