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Outline

What is fetal programming?

How can fetal programming impact animal

agriculture?
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Phenotype

Phenotype = Genotype + Environment

Eg. Milk production = Holstein genetics + Mastitis 

Classic Animal Breeding Example
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Phenotype

Future Animal Breeding Example

Phenotype = Genotype + Environment

Eg. Yield grade = Angus genetics + Uterine environment 
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“The concept that life time
health is determined in large
measure by the environment
experienced during
development is the single
most important story in
human and animal health.”

-Dr. Peter Nathanielsz
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Programming

The process through which a stimulus or insult

establishes a permanent response

Fetal (or Developmental) programming

hypothesis

Exposure during a critical period in development may

influence later metabolic or physiological functions in

adult life
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10 Principles of Fetal Programming

1) During development in the womb, there are critical

periods of vulnerability to suboptimal conditions.

Vulnerable periods occur at different times for different

tissues.

Figure 1. Timeline of bovine fetal development.

The portion in red is the time point of feed

restriction in the current study.

Bovine Fetal

Growth Time

Line



“Timing is Everything”
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10 Principles of Fetal Programming

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

?
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The Maternal Environment

North Dakota State UniversityNorth Dakota State University

Vonnahme, 12/12/07

North Dakota State UniversityNorth Dakota State University

Vonnahme, 12/12/07

Effects of maternal nutrition before
mating on oocyte quality (Grazul-Bilska et al.,

2007)
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NDSU Experimental DesignNDSU Experimental Design
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Effect of Maternal Nutrition on
Colostrum Production in Ewe Lambs
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Effect of Maternal Nutrition on
Colostrum IgG in Ewe Lambs
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Effect of Maternal Nutrition on Total
IgG Production
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Effect of Maternal Nutrition on
Mammary Weight in Ewe Lambs
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Effect of Maternal Nutrition on Lamb
IgG Concentration
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Effect of Maternal Nutrition on Lamb
Mortality
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Effect of Heifer BCS on Calf Serum
Immunoglobulin Level
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Effect of Heifer BCS on Interval from
Calving to Standing for the Calf
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Effects of dam
nutrition on
growth and
reproductive
performance of
heifer calves
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Experiment:

3 yrs: Gudmundsen Sandhills Lab (n=170 heifer calves)

Cows bred

No supplement

(NoProt)

Protein (Prot)

0.45 kg/d 42% CP
12/1 – 2/28 LG
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Ave calving date =March 27
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Experiment:

3 yrs: Gudmundsen Sandhills Lab (n=170 heifer calves)

Cows bred

No supplement

(NoProt)

Protein (Prot)

0.45 kg/d 42% CP

Cool season grass hay
(HAY)

Sub-irrigated meadow
(MDW)

12/1 – 2/28 LG

EL
5/1 – 5/30

Ave calving date =March 27
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Growth Performance

Treatmentb P-value

Item Prot NoProt Mdw Hay SEM LG EL

Birth date, Julian d 86 84 85 86 1 0.29 0.67

Birth wt, kg 36 35 35 36 1 0.25 0.15

Act. Wn. wt, kg 212 207 212 206 7 0.14 0.09

Adj. 205 d wt, kg 226 218 225 219 7 0.02 0.07

Pre-breeding wt, kg 276 266 272 270 9 0.04 0.70

Weight at pregnancy

diagnosis, kg
400 386 391 395 31 0.03 0.56
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Reproductive Performance

Treatment P-values

Item Prot NoProt Mdw Hay SEM LG EL

Age at Puberty, d 339 334 341 332 10 0.70 0.48

Cycling at beginning of

breeding season, %
61 67 56 73 - 0.45 0.15

Calved in first 21 d, % 77 49 63 63 - 0.005 0.89

Overall pregnancy rate, % 93 80 83 91 - 0.05 0.18

Calving date, Julian d 71 75 73 73 3 0.15 0.94

Calf birth wt, kg 33 33 32 33 1 0.94 0.25

Unassisted births, % 78 64 76 66 - 0.24 0.21
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Specific areas in which this story is
important to animal health and
productivity:

Growth and nutrient transfer.

Reproductive capacity.

Aging and lifetime productivity.
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Goal: Healthy Offspring!!!


