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Use of Advanced Reproductive Technologies and Inclusion of these Records in Genetic 
Evaluation—R. Mark Thallman and Alexandria Snider
Introduction
Most of the performance records of the millions of seedstock 
cattle produced by embryo transfer over the past 50 years 
have been excluded from national cattle evaluation (NCE). 
A topic entitled “Embryo Transfer (ET): Data Collection 
and Utilization” was recently added to the BIF Guidelines 
to provide recommendations on the utilization in genetic 
evaluation of records of cattle produced by embryo transfer. 

Here, we provide background information on the use of 
embryo transfer in cattle breeding, various forms of ET 
and terminology used to describe them, and their relative 
advantages and disadvantages. Based on this background, 
we explain the rationale behind the recommendations in the 
current BIF Guidelines. We also discuss a few topics related 
to ET, but not addressed in the current Guidelines and propose 
actions that could allow records of additional ET cattle to be 
included in future genetic evaluations.

Embryo Transfer
Embryo Transfer refers collectively to a set of reproductive 
technologies to increase the reproductive rate of cows. 
Embryo transfer was commercialized in the 1970s and has 
contributed substantially to the genetic improvement of beef 
cattle since the 1980s. Selection of donors and service sires 
for ET should follow the principles of the BIF Guidelines.

Roughly 100,000 beef seedstock calves are produced annually 
in the U.S. through ET. Although this represents a minority of 
beef seedstock calves, they are disproportionately influential 
because a large proportion of AI sires, as well as other sires 
used in seedstock herds and donor females, are themselves 
produced through ET. Therefore, it is important that these 
influential parents be selected from the pool of candidates as 
accurately as possible. Furthermore, ET calves are more likely 
to be measured for expensive traits such as individual feed 
intake.

Embryos are placed (usually at day 7 of development) into 
cows (the recipients) that carry the fetuses and raise the 
calves. The recipient cows are typically not related to 
the embryos. To be a viable recipient, a cow must be “in 
synchrony” with the embryo, which usually means she was in 
estrus 7 days prior to transfer. More calves can be obtained 
from cows of superior breeding value by these techniques. 
Embryo transfer (ET) can improve selection response through 
increasing selection intensity, reducing generation interval, 
and increasing the accuracy of dams.

Most variations in ET are related to the source and/or 
processing of the embryos, which are described below.

Multiple Ovulation Embryo Transfer (MOET)
Historically, most embryos for ET have been produced 
through MOET. The embryos are typically flushed from the 
uterus of their genetic dam (the donor) 7 days after AI; the 
donor is usually superovulated by injection with follicle 
stimulating hormone (FSH) prior to AI so that multiple 

embryos are collected. The number of transferable embryos 
per collection is highly variable[3] and influenced by many 
factors but averages about 7. The donor cow must be open 
and cycling to produce embryos through MOET. Donor cows 
can be collected multiple times between pregnancies, usually 
about 45-60 days between collections. Pubertal heifers can be 
collected; they usually produce fewer transferable embryos 
than cows. 

MOET is sometimes referred to in industry as “conventional 
ET” or “in vivo production” of embryos. The process of 
collecting embryos in MOET is referred to as “flushing” 
because the embryos are literally flushed from the donor’s 
uterus in a special collection fluid. Consequently, the 
MOET technique is sometimes referred to as “flushing” to 
distinguish it from in vitro production (see below). 

In Vitro Fertilization (IVF)
Alternatively, embryos can be produced by IVF, which makes 
it possible for donors to be collected for most of the year 
while keeping them in an annual calving season. It can also 
allow production of multiple progeny per straw of semen[3].

In IVF, unfertilized oocytes are collected from the donor cow’s 
ovaries by transvaginal, ultrasound-guided needle aspiration 
of multiple follicles per ovary. This process is referred to as 
ovum pickup (OPU). Because most of these follicles would not 
have ovulated naturally, they must undergo in vitro maturation 
(IVM), then in vitro fertilization with bull sperm, followed by in 
vitro culture (IVC) in a laboratory until being ready for transfer 
into recipient cows at the blastocyst stage (about day 7). 

Technically, the entire process is referred to as in vitro 
production (IVP) and IVF refers specifically to the fertilization 
aspect of the process. In industry, the entire IVP process 
is more commonly referred to as “IVF” and that use of the 
term is adopted in the remainder of this document. Methods 
of collection are sometimes distinguished as in vivo (MOET) 
versus in vitro (IVF). 

In 2019, 96,887 IVF beef embryos were transferred in the 
U.S., up from 41,993 in 2015[4]. This increase is partially at 
the expense of MOET embryos. In 2019, 109,218 MOET beef 
embryos were transferred in the U.S., down from a high of 
156,506 in 2015[4]. 

The increase in use of IVF is likely due to the opportunity 
to collect donors without disrupting their normal calving 
season as well as the opportunity for greater (and perhaps 
more uniform) annual embryo production per donor. In IVF, 
the donor need not be in estrus and even pregnant cows can 
be collected via OPU. Donors are typically collected every 2 
weeks and produce approximately 8[4] transferable embryos 
per collection. 

Donors for IVF can be treated with FSH prior to OPU, or not. 
Using FSH increased average viable embryos per OPU from 
5.0 to 8.4 but may have long-term effects on donor cows 
and unknown effects on resulting progeny. In 2019, 170,924 
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viable IVF embryos were produced by companies that 
predominantly use FSH and 23,146 were produced by 
companies that predominantly don’t use FSH[4].

Juvenile In Vitro Embryo Transfer (JIVET)
Prepubertal heifers can be collected (with decreasing 
success at younger ages); this form of IVF is known as 
juvenile in vitro embryo transfer (JIVET). In principle, JIVET 
could decrease generation interval on the female side of 
the pedigree to one year; this could make it a very useful 
tool for cattle breeders. The IVM step in JIVET is more 
technically demanding than in IVF from pubertal donors. 

Calves produced through IVF may be subject to Large 
Offspring Syndrome (see below). It seems plausible 
that JIVET may accentuate large offspring syndrome 
relative to pubertal IVF, but this appears to have not yet 
been evaluated. Combined with genomic selection, the 
reduced generation interval made possible by JIVET could 
substantially increase response to selection. It could 
also cut approximately in half the minimum time required 
to introgress a rare allele into a more useful genetic 
background.

Nuclear Transfer (NT)
Nuclear transfer, commonly referred to as “cloning”, can be 
used to produce groups of genetically identical individuals. 
Somatic cell nuclear transfer can be used to produce 
animals genetically identical to existing animals, including 
those that have been neutered, become infertile or 
unhealthy, or that have died (provided an appropriate tissue 
sample is collected and handled properly soon enough 
postmortem).

In nuclear transfer, embryos are produced by fusing the 
nucleus of a donor cell with an oocyte from which the 
nucleus has been removed, resulting in a cell very roughly 
equivalent developmentally to a fertilized one-cell embryo. 
These embryos are then cultured in vitro (similar to IVF) to 
the blastocyst stage prior to being transferred or frozen. 
Donor cells can be relatively undifferentiated cells in 
embryos or somatic cells of live cattle of any age or sex 
(including steers). The latter process, referred to as somatic 
cell nuclear transfer (SCNT) was used to produce “Dolly” 
the famous sheep and a few years later 8 cloned calves. 
The somatic cells are often cultured from skin cells from ear 
notches. The oocytes to which donor cells are fused are 
typically collected from ovaries recovered in large numbers 
from cow harvesting facilities; little is typically known about 
the oocyte donors other than whether they are heifers 
or cows and whether they are beef or Holstein. Cattle 
produced by NT are (for practical purposes) genetically 
identical to the donor; in principle, large numbers of 
genetically identical progeny could be produced. A variation 
on SCNT referred to as “handmade cloning” is reported 
to be easier to perform and more efficient than SCNT. 
Because of currently high cost per pregnancy, use of NT is 
generally limited to reproducing highly valuable individuals 

that have died or become infertile; it has been used to clone 
extremely desirable (e.g. Prime YG1) carcasses identified 
on the grading rail [10]. Perhaps the most common current 
use of SCNT is to facilitate gene editing. Calves produced 
through NT may be subject to Large Offspring Syndrome and 
Abnormal Clone Syndrome (see below). Van der Berg et al. 
(2019) is an excellent review of technical, safety, ethical, and 
regulatory aspects of SCNT as well as a review of companies 
commercially engaged in SCNT.

Freezing
Embryos can be cryopreserved (frozen in liquid nitrogen) to 
be transferred at a more convenient time. This allows donors 
to be collected throughout the year, potentially generating a 
large number of candidate embryos, while the recipient cows 
calve during the optimal calving season. Having an inventory 
of frozen embryos also ensures that a high-quality embryo is 
available to transfer to each recipient cow and that transfers 
are timed optimally relative to estrus of the recipients.

Transfers of embryos that have not been frozen are referred 
to as “fresh” transfers. Frozen embryos may be referred to 
as “vitrified”. In 2019, 70% of beef MOET transfers and 67% 
of beef IVF transfers were of frozen embryos[4]. Pregnancy 
rates are approximately 60-70% for MOET fresh and 50-
60% for MOET frozen transfers and about 10% lower for IVF 
transfers. Freezing is used more widely in beef than in dairy 
cattle[4] because it facilitates seasonal calving. Freezing also 
facilitates more precise synchrony of the embryo with the 
recipient.

Calves resulting from frozen embryos had greater gestation 
length and were heavier at birth than those from fresh 
transfers in some circumstances, but not in others. 
Differences in phenotype between calves resulting from fresh 
or frozen transfers are not widely recognized but may exist. In 
humans, children born from frozen IVF embryos had greater 
birth weight than those born from fresh IVF embryos.

Sex Determination and Genotyping
The opportunity to preselect embryos offers the potential 
to greatly increase selection intensity with relatively little 
increase in cost. The current impediment to widespread 
adoption is genotyping cost per calf if intensive selection is 
applied to embryos.

One or a few cells can be removed from an embryo prior to 
transfer or freezing to be used for DNA analysis. Applications 
include sex determination, genotyping, and low-pass 
sequencing. Although this could be feasible without freezing 
the embryos, it is more practical in conjunction with freezing.

Large Offspring Syndrome
Calves produced through NT or IVF may be subject to 
Large Offspring Syndrome (LOS), resulting in increased 
gestation length, birth weight, dystocia, abortion, higher 
postnatal mortality rate and a wide variety of congenital 
abnormalities[31]. Large offspring syndrome in cattle is 
sometimes referred to as “large calf syndrome”.
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Large Offspring Syndrome is primarily associated with 
gestation length, birth weight, dystocia, and neonatal 
characteristics, but although effects on phenotypes 
measured later in life may be relatively smaller, they should 
not be assumed negligible. Large offspring syndrome 
is the result of major disruptions in embryonic and fetal 
development and its effects should be expected to persist 
throughout life.

Birth weight of IVF calves can vary depending on the type 
of culture media used[34] and other conditions (e.g., oxygen 
tension), and the in vitro maturation (IVM) conditions and 
it’s duration.

Much has been learned about potential causes of LOS, 
so the severity and/or frequency of it may currently 
be considerably less than in the past. Hopefully, IVC 
techniques can be modified sufficiently that LOS is no 
longer an issue.

Abnormal Clone Syndrome
Extremely high birth weights, prolonged gestation, failure 
to initiate parturition, and many other abnormalities were 
first recognized in calves cloned from embryonic cells 
in the 1980s. It later came to be known as Large Calf 
Syndrome, or more commonly, LOS to refer also to sheep 
and other species. For a long time, it was thought that SCNT 
calves suffered a more severe or frequently occurring[25] 
form of LOS than IVF calves. More recently, it has been 
recognized that, in addition to LOS, there is a separate set 
of abnormalities, primarily fetal and placental abnormalities, 
that can occur in calves produced by NT that do not 
typically occur with IVF[25]. This is referred to here as 
abnormal clone syndrome (ACS), but there does not seem to 
be a consensus in the literature on how to refer to it.

The list of abnormalities in NT, but not IVF calves is not well 
defined but seems to include failure to initiate parturition, 
enlarged umbilical cord that required clamping and 
sometimes urachus surgery, respiratory problems[46], 
lethargy[46], contracted flexor tendons[46], and other 
congenital abnormalities.

These additional abnormalities are thought to be due to 
incomplete reprogramming of the DNA in the fusion of the 
donor and enucleated oocyte cells to the epigenetic state 
of a fertilized one-cell embryo. This is a major challenge in 
NT that is not required by IVF. The characteristics of LOS 
common to IVF and NT are assumed due to in vitro oocyte 
maturation and in vitro embryo culture, which encompasses 
most of the duration of development in both processes.

Calves produced by NT vary greatly in the extent to which 
they are affected by LOS and ACS, with some appearing 
completely normal while the most severely affected may be 
twice the weight of a normal calf. 

Progeny of SCNT cattle generally seem to be relatively 
unaffected by LOS and ACS[36].

It seems reasonable to assume that abnormalities observed 
in IVF calves also occur in NT, but it does not seem 
reasonable to assume that abnormalities observed in NT 
calves also occur in IVF calves, even if the assumption is that 
the frequency or severity is lower in IVF.

The prospects for modifying IVC techniques such that LOS 
is eliminated from IVF are far better than the prospects that 
modifying SCNT techniques will eliminate ACS. The ongoing 
process of improving IVM and IVC techniques is a matter 
of making the culture environment more like the natural 
environment and much progress has already been made. In 
contrast, the epigenetic reprogramming required for NT is 
much more challenging because it is a process that does not 
occur in nature. The more we know about SCNT, the more 
astonishing it is that it works at all.

Modelling Records of ET Animals in Genetic Evaluation
Throughout the history of genetic evaluation of beef cattle, 
many cattle have been selected for use as sires and donors 
in seedstock herds based on EPDs that did not reflect their 
individual performance. The aim of this Guideline is to reduce 
that effect to the extent possible.

Seedstock animals resulting from ET are potentially 
influential and reflect additional investment to achieve 
genetic progress. Therefore, maximizing the accuracy of 
genetic predictions early in the animals’ lives by using the 
animals’ own observations has increased importance. But, 
for maternally influenced traits such as weaning weight, 
the genetic evaluation model must be modified slightly to 
account separately for the donor’s contribution to the calves’ 
genetics and the recipient cows’ contributions to maternal 
environment. 

Methods for modelling the effects of recipient dams are 
in the literature and can be easily incorporated in genetic 
evaluations. Specifically, both the maternal additive genetic 
effect and the permanent maternal environment effect 
should be associated with the recipient dam instead of the 
donor dam.

Recipient Effects in Genetic Evaluation
Effects on the phenotype due to the dam of the animal are 
present in traits measured up to weaning, but generally not 
seen on phenotypes measured post-weaning. For animals 
produced using ET, these maternal influences are primarily 
due to the recipient dam, rather than the embryo donor 
dam. Ideally, pedigree information on the recipient would be 
included but it is not always available, as recipients are often 
commercial females. Both age of the recipient dam and its 
breed composition affect maternally influenced traits - i.e. 
birth weight, calving ease, and weaning weight. Therefore, 
if recipients of mixed breed composition or parity group 
(1st, 2nd, or later) produce calves contemporaneously, the 
differences in breed and/or parity among recipients should 
also be reported to the breed association and accounted for 
in genetic evaluation models.
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Suitability of MOET Records for Genetic Evaluation
It has been reported[43] that calves produced by MOET 
are substantially heavier at birth than non-ET calves due to 
the time outside the cow between collection and transfer, 
although the data structure was far from ideal for estimating 
such effect due to separate management of MOET and non-ET 
progeny (both reports are from different analyses of different 
subsets of the same population). Based on knowledge gained 
through studying LOS, it seems plausible that the transfer 
medium, exposure to atmospheric oxygen, etc. for the few 
hours between collection and transfer (or freezing) could 
alter embryonic and/or placental development, resulting in 
increased birth weight. Consequently, the prudent assumption 
(until disproven) is that mean differences exist between MOET 
and non-ET phenotypes for all traits. There likely is ample 
data (limited by the co-occurrence of both types in the same 
contemporary group and code) to evaluate this assumption in 
existing field data; this would be a very useful exercise. Until 
this is done, the following recommendations are based on the 
more cautious approach. 

Nonetheless, the data structure in [51] was well-suited for 
estimation of heritability in subsets of the data. Heritability of 
birth weight of non-ET calves, and MOET calves with Holstein, 
beef crossbred, or unknown breed recipients was 41.4±4.3, 
28.4±3.1, 32.4±3.8, and 32.5±3.4%, respectively[51]. The MOET 
calves resulted from transfers of mixtures of fresh and 
frozen, sexed and un-sexed embryos and probably countless 
other variations in MOET processes, none of which were 
available for the analysis. This missing information probably 
contributed to the lower heritability of MOET calves compared 
with non-ET calves. Thus, birth weight records from calves 
produced by MOET are suitable for use in genetic evaluation 
even with little or no information on the recipient breed and 
age (excluding heifers) or the variations of MOET techniques 
performed. In such cases, it would be preferable to fit 
additional residual and/or permanent environment variance to 
the model for such records. Nonetheless, it is far preferable to 
have as much information as possible on the recipient cows, 
and where feasible, to use registered recipients that have 
several previous recorded calves. Furthermore, it would be 
useful to record whether MOET calves were produced from 
fresh or frozen transfers, were biopsied for sex determination 
and/or genotyping, and whether any other substantial 
variations in ET technique were performed.

Suitability of IVF Records for Genetic Evaluation
The commercial use of IVF by seedstock producers is 
increasing rapidly for the reasons discussed above. 
Unfortunately, innumerable reports in the literature suggest 
that LOS makes phenotypes of IVF unsuitable for inclusion 
in genetic evaluation. Much has been learned about causes 
of LOS and techniques have been modified to reduce its 
impact. Anecdotal information suggests the prevalence and/
or severity of LOS has decreased substantially since the 
early days of IVF. Nonetheless, sufficient evidence to warrant 
inclusion of IVF phenotypes in genetic evaluation is not 
currently evident. 

Because of the importance of IVF to genetic improvement, 
efforts should be made to utilize those phenotypes as soon 
as it becomes feasible. A first step could be to estimate 
heritabilities and genetic correlations to the same traits in 
non-ET calves using IVF and MOET field data as it currently 
exists. At least one breed association currently records 
whether ET calves were produced by MOET or IVF. For 
associations that do not already record it, this information 
should be available to the breeder, at least if the breeder 
owned the donor at the time of collection, so it could be 
obtained retrospectively, if there was sufficient motivation to 
do so. The analysis required to directly quantify the effects of 
both MOET and IVF on phenotypes of traits in NCE from field 
data would not be trivial but appears feasible.

It should be expected that heritabilities of ET records would 
improve if more details on the techniques used to produce 
each calf were available for inclusion in the analysis but 
this would require additional transfer of information from ET 
provider to breeder to breed association to genetic evaluation 
provider. Accomplishing this transfer of information is not 
trivial, but it could greatly accelerate the incorporation of IVF 
phenotypes in evaluations and could also provide feedback 
to ET providers on which techniques are most effective in 
reducing or eliminating LOS.

The DNA of calves affected by LOS tend to have some 
characteristic epigenetic marks. It is possible that these 
or other biomarkers could predict the degree to which 
individuals are affected by LOS. If so, phenotypes of the most 
severely afflicted calves could be eliminated and those of 
many calves could potentially be used in genetic evaluation, 
perhaps adjusting for degree of affliction. This would require 
collection of tissues samples for specialized DNA analysis 
that is different from routine genotyping, but it might be a 
feasible way to utilize records of IVF calves.

Suitability of NT Records for Genetic Evaluation
Current evidence suggests that the effects of ACS and LOS 
are too frequently severe to consider including NT records in 
genetic evaluation in the near future. Hopefully, that situation 
will eventually change.

Genetically Identical Animals
Although NT records are not used in most genetic evaluations, 
groups of genetically identical animals (often resulting from 
NT) do appear in the pedigrees of genetic evaluations. Breed 
associations differ in how they handle genetic identicals in the 
pedigree. 

Some treat them as different individuals with the same 
parents, i.e., as full sibs. This approach results in identicals 
that have produced progeny having different EPDS. If we 
don’t believe that clones are identical, this approach allows 
us to compare their EPDS. However, quantifying the degree 
to which EPDs of a pair of identicals fit as full sibs differ from 
each other due to chance, conditional on their accuracies is 
not a trivial task, and even if we completed it, far too few such 
pairs exist in current field data to reach a valid conclusion 
from them.
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To understand some disadvantages of this approach, 
consider the following example: a popular, influential, and 
high accuracy bull dies, leaving no semen. His EPDs are 
considerably better than his parents’ EPDs. Semen from his 
clone has just hit the market and you are deciding whether 
to use it. Which EPDs do you use: the progenitor’s or the 
clone’s? You know the progenitor’s EPDs reflect the clone’s 
genetic merit, so you try a few straws. However, most 
breeders recognized that the clone’s EPDs (currently equal 
to the progenitor’s mid-parent EPDs) are what will influence 
his progeny’s EPDs, so they decide to wait until the clone’s 
EPDs have improved. The clone produces 20 progeny in his 
first year and you sell your bulls knowing their EPDs are 
lower than if they had been sired by the progenitor. Your only 
consolation is that the EPDs of the daughters you kept will 
eventually rise if the clone produces enough progeny for his 
EPDs to converge to the progenitors’.

To be theoretically correct and avoid the problems in the 
example, some genetic service providers fit clones as genetic 
identicals. There is a complicated way to fit this directly, but 
there is a very simple way to achieve the same result: within 
the genetic evaluation, assign all identical individuals the 
same ID (i.e., that of the progenitor), as if all the records and 
progeny of the clones were produced by the progenitor. In 
taking this approach it is recommended that clones retain 
their unique identities within the registration system so that, 
if we ever have enough data to make it feasible to estimate 
the degree, if any, to which clones differ in breeding value, we 
will have the information needed to estimate it.

It has been pointed out that, if all identicals are genotyped, 
the problem described above almost vanishes with current 
genomic evaluation procedures. Nonetheless, assigning 
all identical individuals a common ID for genetic evaluation 
will still be simpler and more accurate. The example above 
assumed the clone was not genotyped to illustrate the point.

The above discussion is the basis for a recent addition to the 
BIF Guidelines[1]:

“There are instances where genetically identical animals 
are in the pedigree (i.e. identical twins and clones). BIF 
recommends that, where genetically identical animals exist 
in the pedigree, for purposes of routine genetic evaluation, 
each set of genetically identical individuals is assigned a 
common identifier, so they have identical EPDs. Periodic test 
runs with the genetic identicals individually identified and the 
differences between them evaluated would be prudent. BIF 
recommends that genetically identical individuals should be 
assigned different permanent identification numbers.” which 
appears in the section on “Expected Progeny Differences”.

Gene Edited Animals
Gene editing is a process that allows specific modifications 
to be made to the genomic sequence of embryos or 
gametes resulting in animals that can transmit the desired 
modifications to their descendants. It is mentioned 
here because most approaches to gene editing involve 
manipulation and transfer of the embryo, but we leave 
description of the details and variations of it to others. [24]

Currently, most, if not all, gene edited cattle are produced by 
either IVF or NT. Consequently, their records are implicitly 
excluded from genetic evaluations.

However, eventually descendants of gene edited animals will 
enter genetic evaluations. If gene editing only introduced 
the polled mutation into a breed that is mostly horned, it 
would probably have no effect on genetic evaluation. At the 
other extreme, using gene editing to inactivate the myostatin 
gene could wreak havoc on genetic evaluations of close 
relatives on both sides of the gene editing event for most traits 
currently evaluated. Other uses of gene editing would likely 
fall along a continuum between these extremes.

Gene editing directly violates fundamental assumptions of 
traditional (non-genomic) genetic evaluation. Fortunately, it is 
probably much easier to accommodate in genomic evaluation 
models. However, there are many different genomic models 
and the ways in which they could accommodate gene editing 
are likely to differ. This may be a challenging problem when it 
eventually materializes as a problem. 

Records Produced by AI or Natural Service Progeny of Donors 
Subsequent to Superovulation

Non-ET (AI or natural service) calves whose dams had been 
previously superovulated weighed 2.2±0.4 lb more at birth 
than non-ET calves whose dams had not been previously 
superovulated[51], although many of those donors had been 
superovulated numerous times. Superovulating donors 
repeatedly predisposes them to obesity and may raise their 
tailhead, thicken their crest and make them appear generally 
“coarse” (Thallman, personal observation). The effect of 
superovulating a cow only once is less. Whether, and/or under 
what circumstances, records of natural calves produced 
subsequent to superovulation are suitable for inclusion in 
genetic evaluation requires further investigation. Records for 
reproductive traits collected subsequent to superovulation are 
not suitable for use in genetic evaluation.

Maternal Effect of Donor Cow
Previous models[47][48][49][50][51] to include MOET records 
for maternal traits in genetic analysis have been based on 
the over-simplified assumption that the recipient is the sole 
source of maternal effects. This approach is clearly superior 
to assigning the maternal effect solely to the donor, but it may 
be suboptimal. A better approach is likely to be to separately 
estimate the variances of the maternal effect of the recipient 
and the (presumably much smaller) maternal effect of the 
donor from appropriate field data. There are several reasons 
for this assertion:

It is not implausible that the early oviductal and uterine 
environment of the donor affects the subsequent development 
and phenotypes of the resulting animal, given the discussion 
about LOS and abnormal clone syndrome (ACS). Furthermore, 
the ovum cytoplasm is filled with mRNA transcribed from the 
maternal genome that guides the embryo through the first 
several cell divisions and may have effects beyond that. 
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Effects of gametic imprinting and X-chromosomes are not fit 
in current genetic evaluations of beef cattle. To the extent 
that they are important for a trait, these mechanisms are 
accounted for by the direct additive, maternal additive, and 
residual effects in the model. Based on similarity of design 
and relationship matrices, the majority of these mechanisms 
may be allocated to the maternal effect. Gametic imprinting 
captured by the maternal effect (because of imprinting not 
being fit in the model) has been proposed as a potential 
contribution to the negative genetic correlation that has long 
perplexed animal breeders. These effects are genetic, so in 
MOET, that would be the maternal effect of the donor, not of 
the recipient. In Brangus and Simbrah, gametic imprinting 
was estimated to account for 4.7 and 6.9% of phenotypic 
variance for birth weight in male and female calves, 
respectively[51].

Consequently, an improvement to the above model for MOET 
records may be to allocate the maternal effect between the 
recipient and donor, with the proportions estimated from 
field data. Nonetheless, challenges in implementing this 
refinement should not impede implementation of the current 
recommendations.

Recommendations of Current BIF Guidelines on Embryo 
Transfer
Please see http://guidelines.beefimprovement.org/index.php/
Embryo_Transfer_(ET):_Data_Collection_And_Utilization 
for recommendations that reflect future updates. The 
recommendations in effect at the time of this presentation 
are:

“BIF recommends that observations from animals resulting 
from MOET, for traits that do not have maternal effects, 
be used in genetic evaluations provided any preferential 
treatment, if given, is accounted for by assigning an 
appropriate contemporary group code.

BIF recommends that observations from animals resulting 
from MOET, for traits that have maternal effects, be used 
in genetic evaluations as long as the recipient dams’ ages 
(heifer, 1st parity, or multiparity) and approximate breed 
compositions are available, and any preferential treatment, if 
given, is accounted for by contemporary grouping.

BIF recommends use of recipient cows with known pedigrees 
well-tied to the genetic evaluation as being preferable to 
recipients with unknown pedigree and no previous calves 
with records in the genetic evaluation. Where this is not 
practical, each recipient dam should be assigned a unique 
identifier so occurrences of multiple ET calves with the same 
recipient are properly accounted for.

BIF recommends that embryo stage (1-9) and grade (1-3)
[55] and whether frozen, split, sexed, or genotyped be 
recorded and submitted to breed association or other 
recording organization. BIF recommends that, when sufficient 
information becomes available, genetic evaluation models 
for MOET calves include effects of fresh versus frozen and of 
biopsied (sexed and/or genotyped) or not.

BIF recommends that records of animals produced by 
MOET should have separate contemporary group effects 
in the genetic evaluation from records of animals produced 
by AI or natural service. However, animals produced by 
MOET should be included in the same management code 
(as determined by the breeder) as animals not produced 
by MOET (including AI or natural service calves) that were 
managed identically in the same group so their common 
environmental effect can be accounted for in future genetic 
evaluations. Major differences in age, breed, origin, etc. 
among recipients should also be accounted for in genetic 
evaluation models.

BIF recommends to not use phenotypic observations in 
genetic evaluation from animals resulting from In vitro 
Fertilization (IVF), Nuclear Transfer, or that are not explicitly 
known to have resulted from natural service, AI, or MOET in 
genetic evaluations. BIF recommends that observations on 
ET calves be recorded and submitted to breed association 
or other recording organization, along with the form of 
technology (as listed above or others not listed) used to 
produce the ET calves.

BIF recommends that for genetic evaluations of traits 
with maternal effects, that direct effects (breeding value, 
genomic effects, breed composition, heterosis, etc.) be 
assigned to the donor or natural dam, and maternal effects 
(breeding value, genomic effects, breed composition, 
heterosis, permanent environment, etc.) with the recipient 
dam.

BIF recommends that records for reproductive traits 
collected subsequent to superovulation not be used in 
genetic evaluation.”

Conclusions
Embryo transfer is a valuable tool in the genetic 
improvement of beef cattle. Calves produced by ET 
comprise a disproportionately large share of ancestors 
of seedstock animals. Unfortunately, many ET cattle have 
been selected based on EPDs with unnecessarily low 
accuracy because their own records were excluded from 
the genetic evaluation. The Beef Improvement Federation 
recently adopted Guidelines recommending that records of 
most cattle produced by multiple ovulation embryo transfer 
be included in genetic evaluation. Unfortunately, despite 
important advantages leading to its rapidly increasing use, 
in vitro fertilization can cause large offspring syndrome, 
which renders records of cattle produced by it unsuitable 
for inclusion in genetic evaluations using current models. 
Actions by breeders, breed associations, and ET service 
providers that could potentially allow records of in vitro 
fertilized cattle to be included in future genetic evaluations 
are proposed.
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