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Phenotype

Classic Animal Breeding Example
Phenotype = Genotype + Environment

Eg. Milk production = Holstein genetics + Mastitis
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Phenotype

Future Animal Breeding Example

Phenotype = Genotype + Environment
Eg. Yield grade = Angus genetics + Uterine environment
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Programming

* The process through which a stimulus or insult
establishes a permanent response

* Developmental programming hypothesis

* Exposure during a critical period in development may

influence later metabolic or physiological functions 1n
adult life
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Developmental (Fetal)
Programming

* Also known as the “Barker Hypothesis”

* Dr. David Barker Epidemiological
Information

Clinical Animal
Research Research
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The Dutch Hunger Winter
September 1944 - May 1945
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Incidence of adult obesity in the
children of the Dutch Hunger Winter

2 i
% of babies

who become
obese as adults

1 4

None' Last third First two thirds None’
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10 PRINCIPLES OF DEVELOPMENTAL
PROGRAMMING

. . iﬁemme((/vomb
1) During development in the

womb, there are critical the Origin of

periods of vulnerability to Health and Disease
suboptimal conditions.

Vulnerable periods occur at
different times for different
tissues.

Peter W, Nathanielsz, MD, PhD
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Bovine
Fetal
Growth
Time Line




10 PRINCIPLES OF DEVELOPMENTAL
PROGRAMMING

5Sgife in the((/Vomb

the Origin of
Health and Disease

5) The placenta plays a key
role in programming.

Peter W, Nathanielsz, MD, PhD
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SHEEP AND COW PLACENTAS
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10 PRINCIPLES OF DEVELOPMENTAL
PROGRAMMING

ﬁife in the((/Vomb

6) Compensation carries a the Origin of
price. In an unfavorable Health and Disease
environment, the developing
baby makes attempts to
compensate for deficiencies.
However, the compensatory
effort often carries a price.

Peter W. Nathanielsz, MD, PhD
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Muscle Fibre
Epimysium "
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Mechanisms of Programming?

Nutritional Influence

Altered cell number or
intracellular organization
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Metabohc Differentiation
Reorganisation of organ structure DNA Control?
Abnormal early cell-cell in‘peractions? (altered cell specific gene regulation)
Sy .. DNA Environment?
(altered DNA binding proteins)

Altered DNA methylation?
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Epigenetics

The study of changes
INn gene expression or
cellular phenotype,
caused by
mechanisms other
than changes in the
underlying DNA
sequence

@ DNA methylation

}Histone modifications
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How does epigenetics fit into
selection?

Epigenetics

EPD
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What's Happening at NDSU?
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Goal of my lab

* How is nutrition altering placental function?

S.0M 3.0 Ro6 gsg cs
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Doppler Ultrasonography
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Consequences in beef cattle
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Overall nutrient restriction

» Early pregnancy restriction™
—Similar birth weights
—Postnatal growth not impacted
—Carcass weights not impacted

* Mid pregnancy restriction™
—Similar birth weights
—Reduced weaning weights
—Reduced carcass weights
—Decreased beef tenderness

*References are not NDSU; happy to provide
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USDA United States  National Institute

_/ Department of  of Food and
Agriculture Agriculture

Percentage NRC recommendations

60%

60% 60%

do d 30 d 85 d 140 d 260
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US DA United States  National Institute
_/ Department of  of Food and
Agriculture Agriculture
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STUDENT FOCUSED « LAND GRANT « RESEARCH UNIVERSITY
Camacho et al., 2014 31



USDA United States  National Institute

—/ Department of  of Food and
Agriculture Agriculture

Total Uterine Blood Flow
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Protein Supplementation During
Late Pregnancy
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Steer Feedlot Performance

Treatment P-value

PS/ NS/ PS/ NS/ .

WR WR CR CR s 3w 5%
12th rib fat, cm 1.2 11 1.2 1.2 0.84 0.31 0.58
REA, cm? 88.5 88.4 90.3 89.7 0.21 0.75 0.85
Yield Grade 294 2.69 2.74 2.77 0.55 0.26 0.16
Empty body fat 29.9 28.7 29.3 28.8 0.48 0.06 0.38
Choice, % 845 76.5 88.2 64.6 057 0.04 0.28
Upper 2/3 43.2 26.6 354 150 034 003 0.81

Slide courtesy of Rick Funston



Reproductive Performance

Treatment

Item Prot NoProt SEM P-value
Age at Puberty, d 339 334 10 0.70
Cycling at boegmnmg of breeding 61 67 ) 0.45
season, %

Calved 1n first 21 d, % 77 49 - 0.005
Overall pregnancy rate, % 93 80 - 0.05
Calving date, Julian d 71 75 3 0.15
Calf birth wt, kg 33 33 1 0.94
Unassisted births, % 78 64 - 0.24

Martin et al., 2007
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Reproductive Performance

Treatment
P-value

Item Prot NoProt SEM

Age at Puberty, d 339 334 10 0.70
Cycling at b(?gmnmg of breeding 61 67 ) 0.45

season, %

Calved in first 21 d, % | 77 49| : 0.005
Overall pregnancy rate, % I 93 80 I -
Calving date, Julian d 71 75 3 0.15
Calf birth wt, kg 33 33 1 0.94
Unassisted births, % 78 64 - 0.24
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Protein in 2013-2014
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NORTH DAKOTA

CORN Gestation
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NORTH DAKOTA

CORN

C=ERlENECEE]

Total Uterine Blood Flow

liters/min
N DN

181 191 201 211 221 231 241

_ trt P =0.02
Day of Gestation
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Materials and Methods

Internal pudendel

artery & wein Ao,na
/! Brachiocephalic trunk
Veontral perineal artery Pudaiidoapignstric / -
i udal vena cor
& wein \ trunk & vein / e ceva

External pudendal
artery & vain

Part of basilar
YENaus ring

)

[ Cromial

mommary /
wein : Subcutaneous R

/ : : abdominal veln | A

S ! B 2R wuphragm
/ /333 \ Rectus obdominis = 7 R | .
Caudd 'Sinus % muscle | .5l S
mammary ! | VESEE‘S ',. ] | \ '
artery | & . Cranlal mommary artery fr. & ] G
; i Vi 0 (eoudal superficial e h R Internal theracic vain
L % .. epigaestric artery) R L

STUDENT FOCUSED « LAND GRANT « RESEARCH UNIVERSITY

40
(adapted from University College Dublin, Department of Veterinary Anatomy)



NORTH DAKOTA

CORN? Mammary BF

COUNCIL

Table 1.

Mammary blood flow on d 245 of gestation in beef cows that were fed control or control plus
supplementation from d 201 to 270 of gestation.

Variable CON' SUP’ SEM P-value
Heart rate, bpm 63.7 75.4 2.40 <001
Total flow volume?, L/min 2.3 2.9 0.30 0.12
CSA® 0.5 0.5 0.04 0.71
Averaae PI* 1.8 1.5 0.10 < 0.01
Average RI° 0.8 0.7 0.01 0.03

"Maternal diets; CON (n = 15), control group consuming basal diet; SUP (n = 12),
supplemented group consuming basal diet + DDGS at 0.3% BW

’Cross sectional area, cm?
*Pulsatility Index = (peak systolic velocity - end diastolic velocity)/mean velocity
“Resistance Index = (peak systolic velocity - end diastolic velocity)/peak systolic vels

STUDENT FOCUSED « LAND GRANT « RESEARCH UNIVERSITY
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NORTH DAKOTA

)R

Calf weights

Birth, kg (P = 0.02) 39.8+1.0 43.2+1.0

24 hr, kg (P = 0.02) 404 £ 1.1 440+ 1.1
Calvingease (P=0.39) 1.87+0.36 1.44 + 0.36
CON | swp
Weight, g (P = 0.10) 614 + 95 837 £ 95

IgG, mg/mL (P = 0.23) 119.1 £ 6.6 130.2 £ 6.6
Milkd44 | CON | sSwp
Wi, kg/d (P = 0.07) 10.2+1.2 13.561+£1.2
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NORTH DAKOTA

CORN

COUNCIL

Calf Growth
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Developmental Programming

* Placenta plays a key role In
developmental programming

—"Plastic”
—Ability to compensate
—Target for therapeutics



What now?

» Specific nutrients are probably important
—Protein, amino acids
—Specific minerals, vitamins
—Too much may be detrimental; ratios

* Timing of supplement is important

—As the metabolic demands of the dam change,
so would be supplementation times

—Being “off” could be detrimental (steroid ex)
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Goal: Healthy Offspring!!!
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| Letsturn foreclosures into parks - Let’s keep gemuses sanes Lets save California’s Delta

MlllerMcCune

Miller-McCun Smart Journalism, Real Solutions.

THE BAD
DADDY
FACTOR

The overlooked connection
between male behavior and
fetal health.
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