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Genetics and STRESS

STRESS is the set of non specific responses to environmental
challenges, with behavioural and biological components

Stress has profound consequences on sustainability of animal
breeding
- Level of production (growth rate, feed efficiency)
- Product quality (carcass composition, meat quality)
- Resistance to diseases (immune system and inflammatory processes)
- Well-being
Stress is the result of an interaction between the animal and its
environment

- Individual variability (genetic and/or acquired)
- ROBUSTNESS
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ROBUSTNESS

*  'The ability to combine a high production potential with
resilience to stressors, allowing for unproblematic
expression of a high production potential in a wide variety of
environmental conditions’ (Knap 2005)

Includes several components

- Sensitivity of the production potential to diverse commercial
environments and external stressors (1+°)

- Quality of supportive tissues (e.g. leg soundness)
- Newborn survival
- Efficiency of the immune system (resistance to diseases)
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Robustness as a breeding goal

'Sustainable breeding goals combine robustness traits with
production traits to such an extent that selection balances
genetic change in production potential with genetic change in
environmental sensitivity' (Knap 2009)

Selection strategies

1. Inclusion of directly measurable robustness traits in the
breeding objective and in the selection index (BLUP) - leg
soundness, newborn survival rate, ...

2. Reaction norm analysis - sensitivity to the environment (Lynch
and Walsh 1998) - low heritability

3. Genetics of neuroendocrine stress responses
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Effects of cortisol
on production and robustness traits
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weight, growth rate and feed efficiency in pigs
function of cortisol response to ACTH

Weight (kg) at Feed
Response to Total gain (kg9) |  conversion
ACTH 3 wks 9 wks 21 wks 9-21 wks (kg feed/kg gain)

FEMALES

Low 444+032° | 2713+116° | 78.02+3.19° | 50.88 +2.59° | 2.84+0.25°

Median 3.98+040° | 2562 +154° | 7461+3.77° | 4885+2.39° | 3.18 +0.40°

High 3.60+042¢ | 2356 +1.74° | 69.39+2.98° | 4573+1.63° | 3.20+0.27°
MALES

Low 451+020° | 27.94+063° | 82.73+1.39° | 5504 +184° | 274+0.35°

Median 407 +047° | 2597 +151° | 77.73+256° | 51.77+191° | 290+ 0.29°

High 3.70+024° | 2445+ 0.66°| 7488 +102° | 5059 +1.23° | 3.03+0.30"

Two- to three-week-old piglets (1,200) were injected with ACTH (6.25 I.U. i.m.) and plasma cortisol
concentrations were measured one hour later. Animals were selected by the intensity of the response (15% low,
median and high) and bred in groups of 22-23 (4 groups per sex and response level). Means with different
letters in the same column and for the same sex are significantly different (P < 0.01).

Hennessy & Jackson 1987
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Feed efficiency in sheep

as a function of cortisol response to ACTH
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Rams with poor feed efficiency are highly responsive to an
exogenous adrenocorticotropin hormone (ACTH) challenge
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Fig. 2. Linear regression models v=a+ bx that predict residual feed
intake (RFI1} (v) based on serum cortisol concentrations in # = 50 sheep.
(a) Serum cortisol levels for pre-ACTH with the coefficient values
(£S.E.) for a=—0.28 (0.28) and »=0.012 (0.010) and the adjusted
R? (%)=0.7 (P>0.05). (b) Serum cortisol levels for post-ACTH. with
the coefficient values (£5.E.) fora =—3.38 (0.59) and H=0.02 (0.003)
and the adjusted R? (%)=139.5 (P<0.001). (c) Incremental change in
serum cortisol levels, with the coefficient values (£S.E.j fora=—2.85
(0.57) and b=0.02 (0.004) and the adjusted R? (%) =342 (P<0.001).
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lation between stress hormone levels in urine

s8t-mortem, carcass composition and meat quality
AD NA pH-AF ADI MBT IMF
Cortisol 42 15 .04 24 23 .02
XXk kx x XXk kX Xk kX
Adrenaline .55 27 .29 .25 Q7
(A D) XXk kX XXk kXx XXk kX Xk kX
Noradrenaline 24 Q7 07  -07
(NA) XXk kx

F2 Duroc x Large White (n = 312)

Foury et al. Meat Science 69:703 (2005)

pH-AF = pH,4 adductor femoris

MBT = mean backfat thickness
IMF = intramuscular fat %

ADT = loin weight / back fat weight
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Effects of cortisol
on production and robustness traits
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DECREASED HEAT TOLERANCE IS ASSOCIATED WITH
HYPOTHALAMO-PITUITARY-ADRENOCORTICAL AXIS IMPAIRMENT

V. MICHEL,™ A. PEINNEQUIN,” A. ALONSO,"? Key words: rat, heat exhaustion, body core temperature, cor-
A. BUGUET," R. CESPUGLIO® AND F. CANINI® ticosterone, ACTH, inflammatory processes.

Neuroscience 147 (2007) 522-531
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Genetics, HPA axis and resistance to diseases

Chicken

- Gross, 1972, 1976; Gross et Colmano, 1969, 1971; Gross et
Siegel, 1973, 1975.

- Divergent selection for plasma corticosterone response to
social stress

- High responders are more resistant to bacterial (sacculitis)
and parasitic (€. necatrix) diseases, but more sensitive to viral
disease and tumors (Marek's disease), and mount a lower
antibody response to antigen challenge

Turkey
- Brown et Nestor, 1973

- Divergent selection for plasma corticosterone response to cold
stress

- High line more sensitive to Mycoplasma meleagridis

— Limited information available
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Fetal development in the pig in relation to genetic merit for piglet survival®

J. I. Leenhouwers®, E. F. Knolt, P. N. de Groot*, H. Vos*, and T. van der Lende*®

*Animal Breeding and Genetics Group, Wageningen Institute of Animal Sciences, Wageningen University,
Wageningen, The Netherlands and {IPG, Institute for Pig Genetics B.V., Beuningen, The Netherlands

1764 Leenhouwers et al.
Table 3. Regression coefficients and P-values for the model: In(Y) = In(a") + biEBVps + boln(BW)*

EEVps In(BW)
Y Inia’s Regression coefficient” P-value Regression coefficient® 95% C.L*°
Heart wt, g -4.47 =0.0026 0.15 0.96 0.92 - 1.00
Liver wt, g -3.32 0.0069 0.02 0.97 0.92 - 1.02
Lung wt, g -3.30 —0.0031 0.20 0.99 0.92 — 1.06
Stomach wt, g -4.14 0.0042 0.09 0.84 0.79 - 0.89
Spleen wt, g -6.51 —0.0063 0.10 0.99 0.92 - 1.07
Kidney wt, g -3.93 —(0.0008 0.73 0.85 0.580 — 0.90
|  Adrenal wt, g -5.80 0.0196 0.0001 | 0.55 0.47 - 0.63
Small intestinal wt, g -4.02 0.0053 0.01 1.04 1.00 - 1.09
Small intestinal length, cm 2.88 0.0015 0.44 0.41 0.37 - 0.45

Y = organ characteristic; In(a’) = intercept, EBVps = eatimated breeding value for piglet survival; by, bs = regression coefficients.
gression coefficlents indicate the increase or decrease in the natural logarithm of the respective characteristic with every percentage
increase in EBVps or unit In{BW).
"The 95% confidence interval was calculated as the regression coefficient £ 1.96-SE of the regression coefficient.

Key Words: Animal Breeding, Breeding Value, Fetal Development, Perinatal Mortality, Pigs, Placenta

©2002 American Society of Animal Science. All rights reserved. J. Anim. Sei. 2002. 80:1759-1770
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Fetal development in the pig in relation to genetic merit for piglet survival®

J. I. Leenhouwers®, E. F. Knolf, P. N. de Groot*, H. Vos*, and T. van der Lende*?

*Animal Breeding and Genetics Group, Wageningen Institute of Animal Sciences, Wageningen University,
Wageningen, The Netherlands and IPG, Institute for Pig Genetics B.V., Beuningen, The Netherlands

Table 4. Relationships of blood characteristics with EBVps of the litter!

d

Litter average ‘Within-litter varation

Characteristic n" Mean + SE Regression coefficient” Povalue Mean + SE Regression coefficient® Pazalue
Hematoerit, % 38 304 + 0.5 .08 041 25 £ 02 .06 0.12
Plasma venous glucose, mp/1 mL 46 626 + 14 0.14 0.62 B85 205 003 0.75
Plasma arterial glucose, mg/ 1000 mL 46 a0 = 14 0.11 0,70 9.7 = 0.6 =003 0.77
Plasma arterial fructoss, mmol/L 46 318 £ 010 =001 0451 nal = 0.0% 002 065
Plasma arterial albumin, gL 46 6.83 + 014 0.0 0.16 Lo3 = 0.06 0001 0.92
Serum arterial csteadiol-173, ngfmlL 46 1.42 + 0040 (X1 | .51 056 = 004 | N1k .71

| Berum arterial cortisol, ng/mL 46 315 + 26 1.7 0.0HH11 153 = 14 .2 (.53

SEEVps = estimated breeding value for piglet survival.

PN umber of Titbers.

“Regression coefficients indicate the increase or decrease in the respective characteristic with every percentage increase in EBVpa.
dCalenlated as within-litter SD.

Key Words: Animal Breeding, Breeding Value, Fetal Development, Perinatal Mortality, Pigs, Placenta

C2002 American Soctety of Animal Science. All rights reserved. J. Anim. Sci. 2002, 80:1759-177
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Effects of cortisol
on produc’rlon and r'obus’rness ’rr'm’rs
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Least-squares means (LSM) and estimated genetic trends (AG)

for endocrine, carcass composition and meat quality traits of
G77 and G98 pigs (Large White breed)

. G77 LSM Pr > |t| HO :
*
Traits n G77 | n G98 (s.€.) G98 LSM (s.e.) AG (s.e.) AG = 0
Estimated lean content (%) | 116 | 120 | 52.20(0.30) 56.00 (0.29) | 7.59 (0.82) rrkx
Mean ba‘z‘;:fnt)th":k”ess 116 | 120 | 2451(028) | 22.13(0.28) | -4.76 (0.80) i
pH24 116 | 120 5.84 (0.03) 5.76 (0.03) | -0.17 (0.07) *
Cortisol urine -
(ng/mg Creatining), In 63 70 2.97 (0.07) 2.69 (0.07) | -0.56 (0.17)
Adrenaline urine (ng/mg 57 58 1.96 (0.10) 1.65(0.10) | -0.63 (0.22) *x
creatinine), In
Noradrenaline urine (ng/mg | g 63 2.60 (0.08) 2.39(0.08) | -0.42(0.18) *
creatinine), In

n = number of observations in each group

*AG = 2x (G98 LSM - G77 LSM)

*ECLC = Estimated Carcass Lean Content; Mean backfat thickness = average of the backfat thickness measured
at the neck, back and rump levels; pH24 = ultimate pH in the Semi membranosus muscle.

* P<0.05; ** P<0.01; *** P<0.001; **** P<0.0001

Foury et al. Animal (2009)

ALIMENTATION
AGRICULTURE
ENVIRONNEMENT

Université

| See poster # 26/13
% by A. Foury et al.

Bordeaux 2



Genetic trends 1977-1998, Large White

70 O Large White 1977

— — Linear regression Large White 1977
® |arge White 1998

Linear regression Large White 1998

65 T

Estimated lean content (%)

40 | | | I I I
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In Cortisol (hg/mg creatinine)
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Between- and within-breed variation
of cortisol production (n=100 female pigs / breed)
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Breeding objectives to increase robustness
by selection of a stronger HPA axis

Selection for fast growth rate, high feed efficiency and lean
carcasses may have reduced HPA axis activity with negative
consequences on robustness.

Selection for a more active / reactive HPA axis should
improve robustness with limited effects on production traits.

Strong genetic influences on HPA axis activity. Divergent
genetic selection in chicken (ACTH, social stress), turkey
(cold), trout (confinement), mouse (restraint).
Several sources of genetic variation

- Cortisol production

- Bioavailability

- Receptor function
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Response of the adrenal gland to ACTH

- Individual trait

- Humans: 'Adrenal phenotype’
(Bertagna et al. 1994 ; Coste et al. 1994 )

- Pig (Hennessy et al 1988)

- Heritable

- h?2=0.26 ; half-sib analysis of 357 litters from 24 boars
(D.P. Hennessy, personal communication)

- Divergent genetic selection
* In chickens (Edens et Siegel, 1975)
* In frout, confinement stress (Pottinger et Carrick, 1999)
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Gene expression in the adrenal glands of pigs
Large White / Meishan - Control / ACTH

Collection of adrenal glands (1h), ARN extraction
P33 labelling and hybridization on nylon membranes (9216 clones)

PO

SABR EE
CUTTING EDGE GENOMICS FOR SUSTAINABLE ANIMAL BREEDING

Hazard et al. BMC Genomics 9:101 (2008) ALIMENTATION
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Cortisol bioavailability

Corticosteroid-binding globulin (CBG or transcortin)

- Glycoprotein carrying cortisol. Plays a dual role of sequestration
of cortisol in plasma and delivery to the target tissues.

- Demonstrated to influence cortisol levels by linkage study in a
Large White x Meishan F2 population (Désautés et al. J Anim Sci
80:2276, 2002)

- Molecular polymorphisms influencing protein properties with

consequences on adiposity and meat quality (Ousova et al. Mol
Endocrinol 18:1687, 2004; Geverink et al. J Anim Sci 84:204, 2006)
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Désautés et al. J Anim Sci 80:2276 (2002)
Ousova et al. Mol Endo 18:1687 (2004)

ALIMENTATION

AGRICULTURE
ENVIRONNEMENT




Polymorphisms of SERPINA6 (Large White / Meishan)
Cbg gene

S15T T257M 1265V G307R

Transfection in human embryonic kidney (HEK-293T) cells
100%

80%

60%

40%

20%
T
0% | A

Bmax

-20%

-40% =
609% lle15-CBG Met257-CBG Val265-CBG Gly307-CBG
" (4]

Guyonnet-Duperat et al. Genetics 173: 2143-2149 (2006) ALIMENTATION
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Cortisol bioavailability

Corticosteroid-binding globulin (CBG or transcortin)

- Glycoprotein carrying cortisol. Plays a dual role of sequestration
of cortisol in plasma and delivery to the target tissues.

- Demonstrated to influence cortisol levels by linkage study in a

Large White x Meishan F2 population (Désautés et al. T Anim Sci
80:2276, 2002)

- Molecular polymorphisms influencing protein properties with

consequences on adiposity and meat quality (Ousova et al. Mol
Endocrinol 18:1687, 2004; Geverink et al. J Anim Sci 84:204, 2006)

*  Hormone metabolism
- Cortisol - cortisone shuttle (hydroxysteroid dehydrogenases 142)
- Local tissue bioavailability of cortisol may influence adiposity

- Linkage/association between HSD11B1 polymorphism and
carcass length and adiposity (Otieno et al. Anim Genet 36:36, 2004)
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Variation in receptor function
and transduction pathways

+ Cortisol receptors are transduction factors
- Glucocorticoid receptors, GR, gene NR3Cl1
- Mineralocorticoid receptors, MR, gene NR3C2

* Genetic influences and gene polymorphisms well
documented in humans and experimental animals

+ Little information in pigs

- Functional differences LW/MS
(Perreau et al. Life Sci 17:1501, 1999)

- Association study: presentation by E. Murani et al.
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Sources of genetic variability in the HPA axis

CORTICOSTEROID HORMONES PRODUCTION
- Response of the adrenal cortex to ACTH s .
. ' . ee presentation by

BIOAVAILABILITY
- Corticosteroid-binding globulin (CBG)
- 11p-hydroxysteroid dehydrogenase

ACTION ON TARGET TISSUES
Receptors or transduction pathways

l

FUNCTIONAL CONSEQUENCES
Production / Meat quality / Robustness
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Conclusion and perspectives

Glucocorticoid hormones have a negative effect on growth
rate and feed efficiency, they increase lipid accumulation
(fat) at the expense of protein accretion (muscle)

Genetic selection for fast growth and lean carcasses has
reduced the production of glucocorticoid hormones

Low activity / efficiency of the HPA axis may have negative
effects on various traits related to robustness such as
adaptation to stress, fetus maturation and newborn survival,
immune system and inflammatory processes

A breeding objective is to increase robustness without
negative effects on production traits

Detailed knowledge on gene polymorphisms will allow fine-
tune molecular selection for an optimal level of activity
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