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Summary

Improving productivity is a priority for the Australian beef cattle industry. In part, selection
for improved reproductive rate will help achieve this target. One option to inform genetic
evaluation of reproduction, increase accuracy of estimated breeding values for reproduction
traits and increase rate of genetic gain achieved is to record correlated traits. The potential
value of using anti-mullerian hormone (AMH) as a correlated trait for reproductive rate was
modelled. Response in genetic gain was considered for two breeding objectives representative
of production systems in southern Australia (maternal pasture fed and maternal feedlot) at
moderate (h2 = 0.25) and high (h2 = 0.50) assumed heritability and two assumed genetic
correlations with cow weaning rate, moderate (rg = 0.30) and high (rg = 0.60). Predicted
genetic gain from use of AMH varied considerably depending on the assumed genetic
correlation between AMH and weaning rate and ranged from 2% to 20% increase depending
on scenario. At the levels of heritability considered for AMH, heritability was less important
than the assumed genetic correlation to cow weaning rate. The results indicate that field trials
to generate initial genetic parameter estimates of AMH with cow weaning rate are justified.
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Introduction

Whole of sector productivity gains for the southern beef industry of 7% by 2030 from 2015
levels are targeted in the Australian Meat Industry Strategic Plan. Increased reproductive rate
will be required to achieve this target. Therefore, the ability to identify and select cattle with
increased merit for overall reproductive rate is important. One option to inform genetic
evaluation of reproduction traits and increase accuracy of estimated breeding values (EBVs)
for reproduction traits is to record correlated traits. A potential biological marker that may
have a genetic correlation with components of reproductive rate is anti-mullerian hormone
(AMH).

AMH is a glycoprotein belonging to the transforming growth factor – ß family and
can be measured in plasma. Ireland et al. (2011) demonstrated that plasma AMH
concentration can be readily measured for dairy cattle. AMH is also moderate to highly
repeatable (Gobikrushanth et al. 2017) and is favourably related to some measures of fertility
in cattle as reviewed by Baruselli et al. (2015). We evaluated the potential of using AMH to
increase accuracy of EBVs for reproduction at time of selection and thus rate of genetic gain
for two breeding objectives for Bos taurus cattle in southern Australia.

Methods

Modelling of expected genetic gain was undertaken for a temperate Australian beef
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production system using the approach, genetic parameters and economic values reported by
van Eenennaam et al. (2011). Briefly, two industry breeding objectives were considered,
maternal pasture and maternal feedlot. The maternal pasture breeding objective centred on a
production system with a target end market of a 445kg steer sale live weight at 17 months.
The maternal feedlot breeding objective has a target steer sale weight of 700kg at 25 months
with a premium for marbling (Table 1). These diverse breeding objectives are broadly
representative of the range of production systems and end markets for beef produced in
temperate Australia.

Table 1. Traits in the breeding objective, trait units, trait abbreviations and trait undiscounted
economic values in dollars (adapted from van Eenennaam et al. 2011).

Trait units abbreviation Pasture Feedlot
Sale body weight direct kg SWd 1.04 0.81
Sale body weight maternal kg SWm 1.04 0.81
Dressing percentage % DP 8.99 12.88
Saleable meat percentage % SMP 7.19 10.74
Fat depth (rump) mm FD 0.87 0.00
Marbling score score MS 0.00 66.12
Cow weaning rate % CWR 2.58 4.59
Cow survival rate % CSR 6.08 6.79
Cow body weight kg CW -0.19 -0.25
Calving ease-direct % Ced 1.89 2.26
Calving ease-maternal % Cem 0.75 0.90

The same base herd and on-farm production system was assumed for both breeding objectives
and comprised a self-replacing herd of 400 breeding cows with age optimisation to maintain
breeding numbers at 400 each year (Table 2). Level of performance recording for genetic
evaluation was assumed to be comparatively high. Traits assumed recorded on cows were
calving ease-direct (CEd), birth weight, 200 day growth, 400 and 600 day weight, mature
cow weight, ultrasound scan traits for P8 fat depth (P8), eye muscle area (EMA) and
intramuscular fat (IMF), 200 day maternal effect (200M), days to calving (DTC, first
measured at 24 months) and AMH on heifers at weaning. In bulls, sex limited traits (DTC,
MCWt, 200M) were not recorded but scrotal size (SS) was. The simulation accounted for
different times at which traits were first recorded for both sexes.

Table 2. Structure of each enterprise modelled.

Production parameter Number
Number of breeding females 400
Mating ratio (females/male) 50
Number of males used per year 8
Weaning rate (%) 85
Number progeny born per year 340
Mortality rate % (from pregnancy scan) 10
Earliest possible age of first drop males 2
Earliest possible age of first drop females 2
Max age class (years) 10

A dearth of information about heritability and the relationship of AMH to total lifetime
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reproductive rate in either the human or bovine exists making it difficult to identify the likely
heritability and strength of correlations. To overcome this limitation 3 scenarios were
modelled against a baseline case of zero recording of AMH (Table 3). For scenarios 1, 2 and
3 it was assumed AMH was recorded on all heifers prior to first mating opportunity at
approximately 14 months old, i.e. for all scenarios it was assumed there was no culling of
heifers prior to first mating opportunity.

Table 3. Assumed AMH heritability and genetic correlation between AMH and CWR for
baseline and three scenarios

Scenario Assumed heritability Assumed genetic correlation
Baseline case No recording No recording
Scenario 1 0.25 0.30
Scenario 2 0.25 0.60
Scenario 3 0.50 0.60

Results

For both maternal pasture fed and maternal feedlot breeding objectives predicted genetic gain
was highly dependent on assumed genetic correlation between AMH and CWR (Table 3,
Table 4). For Scenario 1 the predicted increase in rate of genetic gain ($/year) compared with
the baseline case was 2.5% for maternal pasture fed (Table 4) and 4% for maternal feedlot
(Table 5). At the higher assumed genetic correlation of 0.60 between AMH and CWR
(Scenarios 2 and 3) there was much higher predicted responses in rate of genetic gain ranging
from 10% (Scenario 2, maternal pasture fed) to 20% (Scenario 3, maternal feedlot). The
predicted gain in CWR was substantial with gains over the baseline case of >0.4% for
Scenario 2 and 3 in both maternal pasture fed and maternal feedlot. The response was very
similar for the two breeding objectives modelled, i.e. highest gains in $Index and CWR
weaning rate at highest assumed AMH heritability and genetic correlation between AMH and
CWR. Overall, across all scenarios the percentage increase in genetic gain on the $index was
higher for maternal feedlot than maternal pasture fed. This was in part a function of the
higher economic value for CWR in the maternal feedlot breeding objective than the maternal
pasture fed breeding objective.

Table 4. Predicted rate and genetic gain in trait units and $/year for baseline case compared
with three scenarios for maternal pasture fed breeding objective.

Base Scenario 1 Scenario 2 Scenario 3
Trait Unit/year $/year Unit/year $/year Unit/year $/year Unit/year $/year
SWd 5.43 5.65 5.30 5.51 4.94 5.13 4.84 5.03
SWm 0.05 0.05 0.05 0.05 0.04 0.04 0.04 0.04
DP 0.00 -0.04 0.00 -0.04 0.00 -0.04 0.00 -0.04
SMP 0.13 0.91 0.12 0.89 0.12 0.83 0.11 0.81
FD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CWR 0.21 0.53 0.32 0.81 0.62 1.59 0.73 1.89
CSR 0.00 -0.01 0.00 -0.01 0.00 -0.01 0.00 -0.01
CW 4.89 -0.93 4.77 -0.91 4.44 -0.84 4.35 -0.83
Ced -0.09 -0.16 -0.08 -0.16 -0.08 -0.14 -0.08 -0.15
Cem 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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$Index 6.00 6.00 6.15 6.15 6.57 6.57 6.76 6.76
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Table 5. Predicted rate and genetic gain in trait units and $/year for baseline case compared
with three scenarios for maternal feedlot breeding objective.

Base Scenario 1 Scenario 2 Scenario 3
Trait Unit/year $/year Unit/year $/year Unit/year $/year Unit/year $/year
SWd 2.21 1.79 2.14 1.73 1.94 1.57 1.90 1.54
SWm 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DP 0.03 0.35 0.03 0.33 0.02 0.30 0.02 0.28
SMP 0.05 0.51 0.05 0.49 0.04 0.44 0.04 0.43
CWR 0.41 1.88 0.53 2.45 0.87 4.00 0.99 4.54
MS 0.06 3.82 0.06 3.66 0.05 3.28 0.05 3.16
CSR 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.01
CW 0.96 -0.24 0.93 -0.23 0.85 -0.21 0.86 -0.21
Ced 0.02 0.04 0.02 0.04 0.02 0.04 0.01 0.03
Cem 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
$Index 8.16 8.16 8.49 8.49 9.42 9.42 9.79 9.79

Discussion

The potential to use plasma AMH concentration as a biological marker to inform selection to
improve reproductive rate is dependent on the assumed genetic correlation between AMH and
CWR and to a lesser degree the heritability (in the range of heritabilities assumed in this
study). The genetic correlations between AMH and CWR of 0.30 and 0.60 assumed for this
study both exceed that for CWR with SS (0.20) and at 0.60 is close to the -0.65 genetic
correlation assumed between DTC and CWR. Therefore, despite considerable potential
increase in rate genetic gain in the $Index, the potential of AMH needs to be balanced against
the likelihood of AMH measured in heifers being as heritable and strongly genetic correlated
to CWR as modelled in scenarios 2 or 3. The modest but potentially more realistic responses
in predicted increases in rate of genetic gain for Scenario 1 for both breeding objectives
(2.5% to 4% respectively) still indicate some benefit from measurement of AMH in elite
herds.

Given the availability of AMH tests for use in bovine, and the promising results
reported in humans and cattle on associations between AMH and components of reproductive
rate initial investigations in beef cattle appear warranted. A modest investment of
approximately US $30,000 would be sufficient to test 1000 heifer progeny for AMH. This
would then enable genetic parameters between AMH and components of reproductive rate to
be estimated.

This work was funded by Meat and Livestock Australia. The authors gratefully acknowledge
the provision of modelling tools for this work by Julius van der Werf.
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