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Dr. Patrick Blondin obtained an MSc in Physiology-Endocrinology (1993) and a PhD
in Animal Science (1997) at Laval University and then went on to complete a 2-year
postdoctoral internship at North Carolina State University (1999). He then joined Boviteq
as an Industrial Research Fellow to assist in the development of novel reproductive
technologies. Dr. Blondin became Director of Clinical Research in a human IVF laboratory
to advance the field of reproductive biology in humans and finally returned with Semex and
Boviteq in 2003 as Director of R&D. In 2014, Dr. Blondin also became Director of Embryo
Operations and manages IVF laboratories in Canada and the USA. And in 2017, Dr. Blondin
became Semex’s VP of Reproductive Research and Operations. Dr. Blondin collaborates
with many scientists from academic, private and government laboratories encouraging
industry support of various research projects.

Dr. Blondin is a member of the Scientific Committee of the Quebec Research Network on
Reproduction. Dr. Blondin is an associate professor with Université Laval and Université
de Montreal, co-directing many young scientists undergoing graduate studies. Member of
IETS since 1995, Dr. Blondin is a member of the IETS Board of Governors since January
2011 and acted as President in 2015 and Past-President in 2016.
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Abstract

There is a growing utilization of in vitro fertilization (IVF) in Canada and the world. This can be
explained by the development of better IVF media and techniques, development of sexed semen and
recent introduction of bovine genomics on farms. Being able to perform this on a large scale with multiple
on-farm experts to perform ovum pick-up and IVF laboratories capable of handling large volumes in a
consistent and sustainable way remains a huge challenge. To be successful, there must be a partnership
between the veterinarians on farms, embryologists in the laboratory and animal owners. Farmers must
understand the limits of what IVF can or cannot do under different conditions. Veterinarians must
manage expectations of farmers once strategies have been developed on potential donors. Embryologists
must maintain fluent communications with both groups to make sure that objectives are met within
predetermined budgets. The logistics of such operations can be very overwhelming, but the return can
be considerable if done right. This paper will describe how such operations can become a reality with

emphasis on the different aspects that must be considered by all parties.

Introduction

IVF is one of these important innovations that will assure the trade of genetics of various species
across the globe. Figure 1 illustrates the evolution of both in vivo and in vitro bovine embryo production
between 1997 and 2015 based on data recovered by IETS Data Retrieval Committee (Perry, 2016). In
this figure, it is apparent that in vivo embryo production was an important technology used by many
producers until this production leveled off in 2006 and seemed to decrease slightly with the following
years up to 2015. On the other hand, although hardly used in the late 1990s, IVF embryo production has
increased significantly year after year with an all-time high of over 600,000 IVF embryos produced in
2015, which represents 48% of the total embryos produced that year (Fig. 1). It is important to note that
in 2015, South America alone produced over 60% of the IVF embryos while North America produced 34%
of these embryos. Furthermore, Figure 2 illustrates how North American producers are using more and
more IVFEF embryos between 2008 and 2015 increasing from 5% to 34% of worldwide embryo production,
respectively. As North America is producing more IVF embryos, Figure 2 illustrates that South America
went from 87% to 62% of worldwide embryo production between 2008 and 2015, respectively.

IVF was developed in the 1970s with the first human IVF baby born in 1978, followed by the first



IVF calf (1981), IVF pigs (1983) and IVF lambs (1984). For the bovine ET business, IVF is being used
more and more for a few reasons. Firstly, initial IVF media and techniques have evolved significantly
since its introduction. The first IVF systems were based more on somatic cell culture protocols and
were l-step systems that used serum supplementation and/or cell co-culture. IVF embryos resulting
from such platforms were different than embryos produced using MOET. Examples of differences were
that IVF embryos possessed more lipids and thus were darker, possessed low cryotolerance to slow-step
freezing protocols (Abe et al, 2002), and ICM and trophoblastic cells not as defined. Furthermore, other
studies reported higher incidences of calves resulting from these IVF embryos that exhibited abnormal
offspring syndrome (AOS; Farin et al., 2006). As research progressed in this field, laboratories introduced
sequential defined or semi-defined media that were based on studies that characterized the oviduct
and uterine environments during the first 7 days of life of an in vivo embryo. With these new media,
IVF embryos were of higher quality, survived significantly more slow-freezing protocols and reduced
significantly the incidences of AOS. This increase in cryotolerance made it possible to apply Direct
Transfer (DT) techniques just like in vivo produced embryos. Considering this advantage, this opens up
opportunities to export IVF embryos as easily as in vivo embryos. Although the import/export of frozen
IVF embryos is still limited, different players, whether from the private sector, the universities, or the
government, are working with appropriate regulatory agencies to open these markets to meet the global
demand for bovine genetics. However, the one caveat of IVF is that there are different IVF systems
(media suite and techniques) used by commercial businesses worldwide. This will result in variations in
embryo quality from one IVF unit to another and therefore impact number of high quality IVF embryos
produced, the cryosensitivty of these embryos as well as resulting gestation rates.

Another reason why IVF is being used more in the ET industry is that IVF works very well with
sexed (Garner and Seidel, 2008) and Reverse Sorted (RS) semen (Morottia et al., 2014). Producing over 90%
of female embryos for dairy producers following an IVF cycle provides an added-value that makes IVF
appealing even at a higher cost per embryo. The beef market can use male sexed semen and produce
over 90% male embryos. It is unthinkable to use RS semen in MOET programs thus, offering IVF with a
net advantage as most, not to say all, bulls can be RS. Therefore, producers have the opportunity to mate
their female donors with the males they need for their businesses and produce a majority of embryos of
the desired sex.

Genomics has changed the bovine genetic industry (Shojaei Saadi et al., 2014) by increasing the
accuracy of animal selection, reducing the generation interval and increasing selection intensity. The
time interval producers may have to profit from the new genetics they calved on their farms is shorter.
IVF can produce many embryos in a short period of time and therefore offer agricultural businesses a
biotechnological tool to take advantage of genomic information. One of IVF's major advantage is that
within 40 to 60 days, a producer would have time to perform 1 conventional flush vs 4 IVF cycles using
superovulated donors. So, the gain in higher numbers of embryos per time period becomes significantly
advantageous when using IVF.

A successful IVF program is evaluated on the number of pregnancies, and not on the total number



of embryos, that result following one ovum pick-up (OPU) session. So, embryo quality is as important, not
to say more important, than embryo quantity. Reproducing in vitro what nature does so very well in vivo
is therefore a major challenge. And trying to establish a sustainable IVF business on a large scale brings

with it many challenges to be successful.

Logistics of commercial IVF

Looking at the logistics of a successful IVF program at a simple level, there are 3 aspects of an IVF
business that need to work in synchrony to produce high quality IVF embryos that will result in high
gestation rates. Firstly, identifying the ideal donors for IVF and determine the best synchronisation
and superovulation protocol for these donors to produce developmentally competent oocytes for IVF.
Unfortunately, IVF systems do not perform miracles. It is imperative that oocytes of high quality are
collected and used in IVF to get the best results. The rule of thumb here is garbage in (poor quality
oocytes), garbage out (poor quality embryos). Not taking the necessary measures to prepare donors
before oocyte collection will reduce significantly the averages of high quality embryos produced with
IVF. This aspect will be analyzed in more detail later in this paper.

Secondly, establishment of IVF techniques with the highest quality control (QC) and media to
result in top quality blastocyst embryos are essential if one hopes to establish an IVF system that is
reproducible and sustainable week after week. The idiom ‘the devil is in the details’ certainly applies
very well to IVF. In IVF, when we consider the moment the oocytes are aspirated from a donor to the
time the embryos are transferred fresh into a recipient animal or frozen, the gametes/embryos have
incubated in vitro for 9 days. For MOET, following Al, the embryos are collected 8 days later, after being
inseminated and cultured in vivo, and will be cultured in vitro generally for a few hours before they are
either transferred fresh in synchronized recipients or frozen. So, the challenge for IVF is to reproduce in
vitro for 9 days in vivo conditions and avoid as much as possible any stresses to the embryos. A colossal
endeavor that can go wrong quickly. This aspect will also be analyzed in more detail later in this paper.

Thirdly, transferring these fresh or frozen embryos in synchronized, fertile recipients is crucial if
the objective is to produce pregnancies from these embryos. This last aspect is no different for embryos
resulting from IVF or MOET but seems even more pivotal for IVF embryos as the cost per embryo may
be higher. For embryos that result from high genetics and more investment, it seems crucial that this
aspect should be as important as the two other aspects. The importance of using fertile, cycling recipients
in any embryo transfer program will not be covered in this paper, but a quick search of the literature

will result in several excellent reviews on this topic (Hasler et al., 1987, Lonergan 2007).

Identification and management of donors for IVF

Follicular waves of different cattle species will result in a significantly different number of oocytes

per wave. It is well known that many Bos Indicus breeds will produce significantly more follicles and
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embryos per OPU when compared to Bos Taurus breeds (Pontes et al. 2010). And within a breed,
there will be significant differences between individual donors. In 2006, we followed 94 Holstein donors
over 5 years and reported that 90% of these donors were lower potential animals which were donors
producing a limited number of embryos because of the limited population of small antral follicles
present in the ovaries at initiation of FSH treatment (Durocher et al, 2006). This paper recommended
that ET practitioners must distinguish between these types of donors and those characterized as low
responders (donor with large number of follicles but that does not respond to superovulation protocols) as
modifications to the stimulation protocol for the low responders is unlikely to result in a higher number
of transferable embryos. Using ultrasound technology, it is possible to follow follicle growth during FSH
treatment such that low responders will have many small follicles that do not grow during the treatment.
It has been reported that low potential heifers and cows with ovaries with inherent low ovarian reserves
(low antral follicle count) will have this phenotype for their entire reproductive life (Abdullah 2008,
Ireland 2011, Mossa 2012). These studies even suggest that low antral follicle count may be the result
of inadequate maternal environment during foetal development. So, the take-home message here is that
farmers must be advised carefully when they would like to perform IVFE on their donors. Low potential
cows will result in low numbers of viable IVF embryos because of inherent physiological limits and
therefore automatically result in a higher cost per embryo as the IVF fee structure is a fixed cost model.
Whether an IVF lab sets up to fertilize 5 or 25 oocytes, it is the same work over 9 days and therefore
the fees will be the same but the fee per embryo will be higher for the former. As responsible service
providers, this must be communicated to potential clients so we can manage their expectations.

Oocyte developmental competence has been reviewed abundantly in the scientific literature (Sirard
MA et al 2006; Hussein et al 2006; Moussa et al 2015; Labrecque and Sirard 2014). All of them agree
that an oocyte with low developmental competence has very small chances to produce an embryo
using standard IVF. Oocyte developmental competence has been correlated with various biological
and physiological factors such as follicle size, degree of follicle atresia, presence or absence of key
follicular molecules, to name a few. Current commercial businesses use IVF systems that can permit
a developmentally competent oocyte to be fertilized and produce an embryo. These same systems are
not capable to induce or convey the necessary molecular signals or molecules to oocytes to acquire
developmental competence during in vitro maturation. Therefore, it is up to experts performing OPUs
to use the best strategies to prepare donors to produce developmentally competent oocytes for IVE.
Commercially, synchronization and superovulation are the most used approaches to attain this goal.
But it is possible to produce IVF embryos following OPU of donors that have not been superovulated.
Therefore, there is a trade off. Use existing drugs to synchronize and superovulate a donor to increase
the number of developmentally competent oocytes and thus result in a higher embryonic developmental
rate but at a higher fee per embryo. Or work off the natural cycle and produce a lower number of
competent oocytes and thus a lower embryonic developmental rate but at a lower fee per embryo.
Perhaps animals that produce many follicles naturally without exogenous hormones such as certain Bos

Indicus breeds owned by farmers that wish to keep costs per embryo lowest as possible may prefer not
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using donor synchronisation and superovulation.
However, animals that produce a moderate number of follicles naturally may want to consider
synchronisation and superovulation to increase the number of embryos of higher quality following an

IVF cycle. However, there is one aspect too many experts out there tend to forget. Qocvte quality will

be closely correlated to the resultant embryo quality (Sirard et al., 2006). This is where synchronisation and

superovulation will not only increase embryonic development rates, but produce a higher number
of high quality embryos that will be freezable and result in higher pregnancy rates. This aspect is
extremely crucial in an IVF business and is underestimated too many times as a farmer hopes to
produce pregnancies from the embryos produced. When dealing with clients at the farm, veterinarians
are pressured to produce the highest number of oocytes in hopes of obtaining many embryos. But there
needs to be education of farmers so they understand that a high number of oocytes following an OPU
does not necessarily signify a high number of quality embryos after IVF. And unfortunately, when
this happens, the farmer will conclude too soon, and wrongfully, that IVF is an inefficient technology.
Veterinarians performing OPUs must partner with IVFE laboratories to provide transparent information

to farmers if this is to be successfull It is all about producing the highest number of Quality 1 embryos.

Logistics and challenges of running a successful IVF laboratory

The challenge of running a successful IVF laboratory is to set-up a system that will be sustainable
and reproducible week after week and control any stresses that oocytes or embryos can be subjected
to. The good news is that oocytes and embryos can be quite resistant to the different stresses that can
occur during in vitro culture but there is a limit to this. An embryologist must be aware of ‘permissive’
stresses that was elegantly reviewed by Lane et al. (2008). They demonstrated that embryos can adapt
to certain stresses that will not be apparent morphologically under stereomicroscope analysis, but result
in significant reduction of pregnancy rates. Others have also demonstrated how embryos can be affected
by inadequate in vitro conditions and these impacts are only seen during foetal development, or at birth
(Sinclair 1999; Zander 2006). It would be very difficult to detail all aspects of IVF that must be monitored
to be successful, but here are a few key examples that should be considered. The time and conditions
during OPU and oocyte searching are very important to produce quality gametes that will mature in
vitro. Stripping oocytes of their cumulus cells when performing OPUs due to inadequate OPU pumps or
techniques can affect the quality of the oocytes. It has been shown that cumulus-oocyte complexes that
have little, or no, cumulus layers will not respond to in vitro maturation conditions and thus produce
very few embryos (Ward et al, 2000). Additionally, oocytes are very sensitive to temperature variations.
Oocytes must be aspirated in a medium that is at approximately 30°C (Gordon, 2004). Finally, oocytes
should be searched quickly on warm plates. The longer the oocytes are not in a controlled environment
such as the incubator, the higher the risks of creating unnecessary stresses to the oocytes. The same
applies to embryos. Culture media have been developed to maintain ideal conditions that mimic oviduct

and uterine environments and thus minimize any stresses they are subjected to (Lane et al, 2008).
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Maintaining temperature, osmolarity and pH during manipulations and incubation of the embryos is
critical. Using pH buffering agents for atmospheric conditions is strongly recommended in transfer
solutions. Different models of incubators exist and choosing the right one is critical. The more traditional
incubators originally developed for cell culture have advantages such as being less expensive, possible
to culture many dishes per incubator and there are many brands available. However, the disadvantages
are that they require more lab space, adjustment of internal gas composition is difficult (fyrite = low
precision), difficult to get backup for many hours in case of power failure, high gas consumption in low O2
conditions and the atmospheric and temperature conditions require long recovery times when the door is
opened. The recent benchtop incubators offer advantages such as shorter recovery time for temperature
and atmospheric conditions, less lab space required, use of tri-Gas mixes (no adjustments required), built-
in battery with 2 days of autonomy, positive gas pressure (increased biosecurity), real-time recording
of temperature and gas flow with alarm emails in case of problems. The cons of such devices are that
they can hold less dishes per incubator, they are more expensive and there are no « buffer » in case
of problems because of the small chambers. Having the best tools to evaluate embryos before transfer
or freezing is also critical. Traditional stereomicroscopes might look sufficient for many embryologists.
However, very high quality stereomicroscopes with a good magnification and very good optical quality
are essential. Blastocyst quality is more important than the number of embryos produced. Detecting
subtle changes in embryo quality, cellular texture and morphology is essential to improve IVF systems
or detect problems that could have occurred during the procedure. The IVF laboratory air quality is
also very important. HEPA filtration of the IVF lab with a positive pressure is a good start. However, it
does not remove toxic compounds (VOCs). Merton et al. (2007) showed that gas filtration with a carbon-
activated filter increases pregnancy rates in bovine IVF. But beyond this, we must remember that
>99.5% of the « in vitro life » of an oocyte/embryo is inside an incubator. High quality gas is critical and
such gas quality is affordable with mini-incubators. Very high purity gas is available, with very low levels
of VOCs. Beware: medical grade does not mean high purity grade. The consumables and glassware used
in IVF laboratories must also be monitored. There have been many reported cases where certain plastics
are toxic for gametes and embryos. Only Grade I (Milli-Q PF) water should be used to make up all IVF
media and technicians should follow a strict maintenance schedule. Only the highest quality reagents
should be used (Recombinant and synthetic forms whenever possible). Any components of animal origin,
such as BSA, FBS, and hormones should be tested before using in IVF. When culturing embryos in
media, oil overlay of the media will limit water evaporation and thus osmolarity shifts and becomes
important when dishes are taken out of incubators. The type of oil is very critical and probably is the
riskiest product in IVF. It is recommended to use extensively tested oils used such as products available
for human IVF. Overall, QC can be extremely time consuming, but can mean the difference between an

average IVF laboratory and a laboratory offering high quality IVF services.
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Conclusion

It is clear that IVF is an assisted reproductive technology that is becoming more and more prevalent
in our industry. Making this technology accessible to farmers worldwide will require sustainable
partnerships between veterinarians and embryologists. Understanding what farmers wish to accomplish
on their farms and within their businesses becomes important. As experts in this field, it is our
responsibility to clearly identify what a farmer wishes to accomplish to make the correct recommendation
as to what assisted reproductive technologies they should consider for their businesses. IVF or MOET?
Superovulation or natural cycle? Conventional, sexed or reverse sorted semen? Genomics? All we must
be considered when assisting farmers to develop their businesses. Furthermore, understanding the limits
and potential of each technology is crucial if we want to manage expectations of farmers. This is key
and too often have some farmers have higher expectations that what the technology can deliver. This
certainly does not help the farmer, the veterinarian or the IVF laboratory. When farmers decide to use
IVF, this means they are willing to embark in a partnership with the veterinarian and IVF laboratory
to make all necessary decisions for each donor on a program. No one said IVF is easy. So, if farmers or
veterinarians are looking for technologies to produce embryos that require limited time and effort, do
not attempt IVF and stick to MOET. But with the right amount of time and effort, IVF can be very

rewarding.
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BovinelLD v2.0 Genoctyping BeadChip

genomae.

« Excellent Call Rates and Accuracy
G915 everage oal rates and 89.9% repraducitilty

» Gomprehensive and Unifarm Coverags

Extend genomic selection to the entire herd with scalable content at an economical price.

GoldenGate® Bovine3K Genotyping BeadChip

Featuring 2,900 SNPs that provide high capacity for prediction of the genetic merit of cattle

nly clstributed pabmmamni: SNPs with 2 median s
Akh

o

Simpie Workflow
PCA- and ligatian-free pratol

+ High-Throughput Format

Upio2d s n be intarmgatad in paralel

BovineHD Genotyping BeadChip

More than 777,000 SNPs that deliver the densest coverage available for the bovine genome.

SE'I\‘/['EX’=

Genetics for Life”

Impact of genomic tools
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Fig. 1. Annual numbers of ditations of Meuwissen et aL {1), rate of genetic i in milk rcia-Ruiz et al. (3), and numbers of Holstein

«cows chip-genotyped by December of each year from the Coundil for Dairy Cattle Breeding database (https://www.cdch.us/Genotype/cur_density.htmi).

Holsteins are the genomic selection poster cows

Jareniy F. Taylor'", Kristen H. Taylor®, and Jared E. Dwcker®  7690-7492 | PHAS | July 12, 2016 | vt 113 | ro 28
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SEMEX Impact of genomic tools

Genetics for Life”

Changes in genetic selection differentials and
generation intervals in US Holstein dairy cattle
as a result of genomic selection

Adriana Garcia-Ruiz*®, John B. Cole®, Paul M. VanRaden®, George R. Wiggans®, Felipe J. Ruiz-Lépez®,
and Curtis P. Van Tassell®’

Significance

The introduction of genomic selection in dairy cattie improvement
programs in 2008 was expected to increase rates of genetic gain,
particularly for traits with low heritabilities, such as fertility and
longevity. Our analysis of the US national dairy database fou

T that generation intervals have decreased dramatically over the past

oy 6 y, and selection intensity for lowly heritable traits has increased

_ -=SC considerably. Genetic trends rapidly increased for fertility, lifespan,
—DB and udder health. These results dearly demonstrate the positive

impact of genomic selection in US dairy cattle, even though this,
technology has only been in use for a short time. This progress in

-=DC

Generation Interval (Years)
(=] = N W E=y w o ~ o

1990 19.95 20=0Cl 20-05 20.10 2015 US Holsteins will have a favorable impact on other populations

Year of Birth of Offspring worldwide due to the widespread dissemination of US germplasm.

sire(s) of bulls (SB), sire(s) of cows (SC), dam(s) of bulls (DB), and dam(s) of cows (DC) PNAS | Published online June 27, 2016 |

+*

SEMEX Impact of genomic tools

Genetics for Life”

Changes in genetic selection differentials and
generation intervals in US Holstein dairy cattle
as a result of genomic selection

ials - Productive

Adriana Garcia-Ruiz*®, John B. Cole®, Paul M. VanRaden®, George R. Wiggans®, Felipe J. Ruiz-Lopez®,
and Curtis P. Van Tassell™"

Selection Differentials - Fat Yield (kg)
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SEMEX Getting DNA for genotyping

Genetics for Life”

Impossible....
10-12 cells in embryo
biopsies

10 000 times lower

than requirements

for Bovine SNP50
hybridization

* DNA amplification is necessary but validate the

SEMEX :
Genetics for Life” teCh n I q u e yO U U Se

Diff
tecl
not
san
amj
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SEﬁEX‘ Imputation with genomic software

Genetics for Life”

+*

SEMEX Variation intra embryo flushes

Genetics for Life”

= Some crosses generated very variable Direct Genomic Values (DGV)
between different embryos (flushes #1 and #2)

= For others, the DGV obtained were very similar (flush #3).

= In some cases,
very large
divergences (1842
pts. of DGV) were
found between two
embryos from a
same production
(flush #4).

Direct Genomic Value (DGV),

4500
4000
3500
3000
2500
2000
1500
1000

DGV calculated from different embryos of a same flush in
comparison to the Genomic Parent Average

1234567389101112

Flush 1 Flush 2
Embryos
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SEMEX Parentage possible

Genetics for Life”

= Multiple sires can be
used for one embryo
production.

Example of embryos produced by the use of many sires
at fertilization in a single embryo production

= Pedigree validation is
part of the QC of genomic
analysis and then, sire
identification is executed.

= Itis then possible to do _
more matings in a shorter . ‘ , =] ,

. . . . Sire 1 | Sire 2 Sire 1 ‘ Sire 2
period of time while being Flush 1 ‘ Flush 2
able to identify the

pedigree of each embryo.

+ DGV differences between embryo and

GSEMtE)th corresponding calf — Study 1

= The 25 first calves born from genotyped embryos were genotyped
to measure the accuracy of our amplification method.

DGV differences between embryos and their corresponding calf

» For the DGV, a mean
divergence of 106 + 68
pts. was calculated for
the first 25 samples
(4.3 £ 3.6%
difference).

u Embryo DGV
at calving

u Calf DGV

123 45 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25
Embryo-Calf Pairs
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* DGV comparison after embryo

SEMEX

Genetics for Life”

biopsy-amplification-imputation

Embryo-Calf DGV comparison after embryo
biopsy/amplification/imputation

3600

3400

3200

3000

y = 1.0093x - 34.654
R?=0.9868

Calf LPI DGV

2000 2200 2400 2600 2800 3000 3200 3400 3600

Embryo LPI DGV

+*

SEMEX 2"d study performed by Boviteq

Genetics for Life”

56 calves had 50k genotypes and were considered in this study. The genotypes from embryos
were imputed using a specially adapted version of FImpute (V2). Parents of the embryos had 50k
genotypes, therefore family information was the main source of information for imputation.

Figure 7: Embryo DGV (before imputation) vs calf DGV for LPT (From same genomic data) Figure 8: Cmbryo DGV (atter imputation) vs calf DGV for LPI (T'rom same genomic data)
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SEMEX Conclusions from 2" study

Genetics for Life”

» Most of errors in biopsies are due to allele drop-out (calling a heterozygous locus as
homozygous). For most embryos the genotyping error rate was less than 2%.

» The post processing of embryo genotypes by imputation improves genotype quality especially for
embryos with a high genotyping error rate. However, having good DNA extraction and
amplification methods remains very important.

» Having genomic information for both parents is essential for embryo imputation. The parent
information allows correcting a large portion of Mendelian conflicts. Given this, it is important to
ensure that both the sire and the dam of embryo biopsies are genotyped with the 50k panel.

+ Differences between the DGVs of embryos and calves ranged from -131 to 165 points of LPI, and
46 embryos out of 56 had LPI difference of <100.

+*

SEMEX IETS — Data Retrieval Committee

Genetics for Life”

Recent statistics on embryo collections from in
vivo flushes and from In Vitro Fertilization (IVF)
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SEMEX IVF - Evolving Technology

Genetics for Life”

In Vivo vs In Vitro
900 60%

800
700
600
500
400
300

200 \t

50%

40%

30%

20%

10%

0%
o

Percent of total

100

Number of embryos (X 1000)

m|n Vivo mmin Vitro % Vitro / Total

Dairy Cattle Breeds Beef Cattle Breeds

LIEEEE ™Y M
B T YT

£ s

ASIA
* 14,689 flushes
e 7.2 emb/flush

In Vivo
Embryos

2015

North America
* 53,536 flushes
_Total flushes * 6.7 emb/flush

World

» 100,739 flushes
* 6.6 emb/flush
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Dairy Cattie Breeds

. L In Vivo
ﬂmﬁ Embryos sl .. « Conv. ser::r?:ag,527 flushes
Banmhza 2015 £ o

* Sexed semen: 0

North America
« Conv. semen: 1,756 flushes
» Canada (41%)
« Sexed semen: 2,828 flushes
* Canada (19%)

Total flushes
World

« Conv. semen: 37,942 flushes
+ Sexed semen: 4,339 flushes (10%)

Dairy Gattle Breeds

Eﬁﬁ El n : vo Embryo Transfer 2015
afiza Embryos

Fresh ET Frozen Frozen Frozen for
Domestic ET | Imported ET Export

World 67,365 74,022 2,094 15,731
Japan 2,531 6,231 1,070 0

Canada 16,855 20,985 58 5,408

USA 33,584 25,537 0 10,109
South America 3,640 5,245 145 0

&

Note: In pie charts, green represents other countries not listed above
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IVF Embryos 2015
(Dairy + Beef)

3,177 OPUs Asia

l

59,224 oocytes —>  18.6 oocytes/OPU

World

\ 16.0 % dev. rate

111,704 OPUs 9,438 embryos —> 3.0 embryos/OPU

)

2,061,205 oocytes —> 18.5 oocytes/OPU

, North
29.7% dev. rate I 35,980 OPUs America
AN l
612,709 embryos — 5.5 embryos/OPU ? | 683,717 cocytes— 19.0 oocytes/OPU

J \ 31.1 % dev. rate

OPU = Ovum Pick-Up 212,046 embryos —* 5.9 embryos/OPU

IVF Embryos
(Dairy + Beef)
Asia OPUs Slaughterhouse ovaries
3,177 OPUs 35,335 aspirations
59,224 oocytes —>  18.6 oocytes/OPU 714,783 oocytes—>  20.2 oocytes/OPU
16.0 % dev. rate 7.9 % dev. rate
9,438 embryos —> 3.0 embryos/OPU 56,740 embryos—> 1.6 embryos/OPU

OPU = Ovum Pick-Up
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IVF Embryos

Fresh ET Frozen ET Frozen ET Frozen Export
(Domestic emb) (Imported Emb)

World 304,946 97,589 1,638 718
USA 58,579 30,183 0 0

Canada 4,309 1,844 0 172
Japan 800 1,164 0 0
South America 224,066 58,821 0 0

IVF Embryos - % of ET using Fresh Embryos
| 2013 [ 2014 | 2015 |

World 89.9% 81.3% 74.0%
North America 81.0% 76.7% 67.1%
South America 95.1% 84.0% 79.2%

Asia 57.2% No Data 50.1%

*
SEMEX IVF — In Vitro Fertilization

Genetics for Life”

Oocyte ;
Pick-Up (OPU)

In vitro
maturation
(24 hours)

“o In vitro
fertilization
(18 hours)

Embryo transfer

In vitro culture / development (7 days)

30



Why is IVF used more?

o Improvement of in vitro culture systems
o Migration from a 1-step system with serum +/- co-culture to sequential

defined or semi-defined systems

o IVF embryos today comparable to in vivo embryos — increased

cryotolerance

SEﬁEX” The ideal in vitro culture system

Genetics for Life”

Original IVF systems: One step + Fetal Bovine Serum

Oviduct Uterus

e0eeseq

1
Cleavage stages .l Compaction ! Blastulation, expansion,
i hatching

Dev 1 B Dev 2 B Dev 3
Sequential IVF systems without serum
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Why is IVF used more?

o Improvement of in vitro culture systems

o Migration from a 1-step system with serum +/- co-culture to sequential

defined or semi-defined systems

o IVF embryos today comparable to in vivo embryos — increased cryotolerance
o Introduction sexed semen in IVF
o IVF remains a fixed-cost technology — more expensive

o Producing over 90% female embryos per IVF cycle

advantageous

*
SEMEX Semen Sexing

Genetics for Life”

e Can use frozen sexed semen or
reverse sorted semen

32



Why is IVF used more?

o Improvement of in vitro culture systems

o Migration from a 1-step system with serum +/- co-culture to sequential defined or
semi-defined systems

o IVF embryos today comparable to in vivo embryos — increased cryotolerance

o Introduction sexed semen in IVF
o IVF remains a fixed-cost technology — more expensive

o Producing over 90% female embryos per IVF cycle advantageous

o Genomics has changed the bovine industry
o Life-span of an elite bull today much shorter

o Any technology, such as IVF, that can increase embryo
production in same period of time is key to take advantage of
elite genetics

SE'f/['EX’=

Genetics for Life”

Accelerating genetic

gain between
generations by using
IVF

33



SEﬁEX"’ Comparison of embryo production methods

Genetics for Life”

(in vitro vs in vivo)

45 to 60 days period
In vitro In vivo
Semen Non-sexed Non-sexed
OPU or Flush 4 1

Oocyte or Structure 51.6 7.3

Viable embryos 21.2 4.3

Female embryos 10.2 21
Gestation (J60) 4.3 (42%) 1.2 (59.4%)

\ 3.6 X more!

/

*
SEMEX Embryo Genomics

Genetics for Life”

DNA chip
analysis

DNA amplification

Embryo selection
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SEMEX Why genomic evaluation of embryos?

Genetics for Life”

DGV calculated from different embryos of a same flush in
comparison to the Genomic Parent Average 1842 pts

4500

4000

3500

3000
2500 +

2000 -+

Direct Genomic Value (DGV)

1500 -
1000

Flush 1 Flush 2
Embryos

High variation between embryos
from a single mating

+*

SEMEX

Genetics for Life® Embryo-Calf DGV comparison after embryo
biopsy/amplification/imputation

3600

3400

3200

w
S
o
o

y = 1.0093x - 34.654

Calf LPI DGV

R?=0.9868
2600
2400
2200
2000
2000 2200 2400 2600 2800 3000 3200 3400 3600

Embryo LPI DGV
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IVF Solutions — Genetic Strategy

Reproductive A

strategies

differ based on Conventional
genetic ranking

Recipients

Genetic race — Huge challenge in IVF

Pubertal
Peri-
pubertal ® Over
() 10
71010
Prepubertal months  months

Less

than 7

months
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A successful IVF program

* If we want this to
work — we must
work as partners

The BIGGEST challenges for commercial IVF

Manage Expectations !

- All clients are in it for gestations
Not simply for many oocytes
Not simply for many embryos
But highest number of QUALITY EMBRYOS

This may seem evident, but you would be surprised by
the number of clients that are disappointed with results

37



A successful IVF program

Superovulation

OPU

IVF

\ . S

OOCYTE EMBRYO |RECIPIENT
QUALITY QUALITY JQUALITY

And ONLY 1% luck

Donor parameters that must be considered

« Superovulation or natural cycles
*\What is an ideal donor
 Nutrition

38



A successful IVF program

OOCYTE

QUALITY. The ugly truth ...

Garbage ‘IN’ >

Garbage ‘OUT” >

A successful IVF program

SIS o > ?
QUALITY Garbage ‘IN What do we mean?

Quality can be affected by intrinsic
factors or extrinsic factors.

39




SEMEX A successful IVF program

Genetics for Life”

OOCYTE

Intrinsic factors

QUALITY

Using the best synchronisation and
superovulation protocol for donor animals
to produce developmentally competent
oocytes for IVF

A competent oocyte will be able to progress
through all stages of maturatlon

Meiotic
maturatio

bcytes probably acquire this
oplasm, developmental competence

maﬂw’ before they are collected
(OPU) and matured in vitro ¥

maturation

(oocyte capacitation)

Contribution of the oocyte to embryo quality. MA Sirard et al Theriogenology 2006 65 p126-136
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SEMEX Oocytes that possess an inherent

Genetics for Life”

developmental competence will
produce viable embryos.

It is impossible under a
microscope to determine if an
oocyte possesses this
competence.

Acquisition of developmental
competence is a result of the
transcription of key genes that
will be triggered by external
signals.

How many donors have a successful follicular
response following standard stimulation programs ?

Donors with unsuccessful FR
post correction

25% Donors with successful FR

Donors with successful FR o ) . .
60%  with standard stimulation

post correction
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SEME}Xr L] Volume 65, Issue 1, 7 January 2006, Pages 102-115
D o n o r p ote n tl a I EL IETS 2006 Pre-and Post-Conference Symposia

Genetics for Life” IETS 2006

Theriogenology m

Effect of hormonal stimulation on bovine follicular response
and oocyte developmental competence in a commercial

operation
Jean Durocher & - 8 Namnalie Morin, Patick Biondin
Table 6
Oocyte collection results for the three categories of donor animals (mean + S.EM.)
Category of donor No. of No. cocyte collection Collection Mean no.
animal animals sessions sessions/animal oocytes
Low outcome 8 49 6.1 57+32a
Medium outcome 11 86 7.8 102x40b
High outcome 12 67 5.6 157+ T1¢

Different letters (a—c) differ significantly within a column (P < 0.05).

Table 7

Embryo development for the three categories of donor animals (mean or percentage + S.EM.)

Category Mean no. Percentage Mean no. of Percentage of
of donor of viable of viable transferable transferable
animal embryos embryos (%) embryos embryos (%)
Low outcome 31+23a 53125 27£22a 47+125
Medium outcome 59£36b 60 £ 24 52£35b 53423

High outcome 9.5+59¢ 61 +24 84+55¢ 54+24

Different letters (a—c) significantly within a column (P < 0.05).

+*

SEMEX Donor Potential — ideal donor

Genetics for Life”

BIOLOGY of
REPRODUCTION

HOME | CURRENT I1SSUE | BOR-PAPERS IN PRESS | PASTISSUES | SEARCH |MY 1

Institution: Univ de Montreal

Antral Follicle Count Reliably =
Predicts Number of Morphologically

Healthy Oocytes and Follicles in Ovaries
of Young Adult Cattle: THERIOGENOLOGY

3.L.H. Ireland3, D. Scheetz3, F. Jimenez-Krassel3, A.P.N. Themmen§, Correlation between phenotype, genotype and antral follicle population in beef heifers

7 7 ith4, &) 7
UL LA RS, IR S e AR B (L M e F. Morotti, G.M.G. Santos, C. Koetz Janior, K.C. Silva-Santos, V.M. Rosa, M.M.
1.3. Ireland2:3 Seneda

Methods to predict numbers of healthy oocytes in the ovaries of young adults

could have important diagnostic relevance in family planning and animal Based on these studies, AFC m heifers from weamng to vearlmg age 1s highly
agriculture. We have observed that peak antral follicle count (AFC) determined

variable between individuals and repeatable within the same female. Additionally, there is no

correlation between phenotypic or genotypic characteristics and the antral follicle population.

However, AFC can be slightly affected by finishing precocity at weaning.
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SEMEX Donor Potential — ideal donor
Low
Potential & 10- -0.8
o *k*k NS
High 5 o >
Potential & 0% 35
2D 6 g
© -0.4 o
g 4 o
g ). 0.2 9
Z A
0 ~0.0

TE TER (%) Freezable (%)

*
SEMEX Donor Potential — ideal donor

Genetics for Life”

Failure frequency (TER =0 %)
0.30

0.25
0.20
0.15
0.10
0.05
0.00

Low Potential High Potential
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SEMEX Donor Potential — cost per embryo

Genetics for Life”

IVF is a fixed-cost model
The potential of a donor will be directly correlated to the cost per embryo

$1,200
$1,000
$800

$600

Cost / embryo

$400

$200

$0
<5 6to 10 11to 15 16 to 20 21to 25 26 to 30 31to 40 =241

Follicle number at OPU

Pregnancy Rates per Embryo Grade
Fresh Embryos

70% Embryo Grade will have a significant

impact on pregnancy rates
60% As oocyte quality is correlated to
o embryo quality, it is imperative donors
50% \ are superovulated efficiently to

increase oocyte quality

40%
(o)
30% For these IVF sessions, no
20% embryos were frozen so all
0 embryos were transferred fresh
Grade 1 Grade 2
N = 4060 N = 4489

—% Day 30 —% Day 60




Pregnancy Rates per Embryo Grade

70%
60%
50%
40%
30%
20%

Fresh Embryos

38% G2
57% G2
72% G2
79V
4 5 6 7
N = 1175 N = 1467 N =2132 N = 2908

—% Day 30 —% Day 60

For these IVF sessions, no embryos were frozen so all embryos were transferred fresh

Pregnancy Rates per Donor Age

55%
50%
45%
40%
35%
30%

Fresh Embryos

L

—

e

—% Day 30 —% Day 60

For these IVF sessions, no embryos were frozen so all embryos were transferred fresh
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Repeated stimulations
Donors = 10 collections [ Three first OPU
H Three last OPU
Every 2 weeks collections 507 ~100
N = 68 donors 40- 50
301 60
201 — 1} a0
10+ L 20
Stimulated follicles TER (%)

+*

SEMEX Donor Nutrition

Genetics for Life”

CSIRO PUBLISHING

Reproduction, Fertility and Development, 2017, 29, 58-65
http://dx.dol.org/10.107 I/RD16395

Effects of dry matter and energy intake on quality of oocytes
and embryos in ruminants

Roberto Sartori™®, Camila Spies™ and Milo C. Wiltbank®

especially associated with[muderate to high body cunditiunJ before and through superstimulation protocols, natural or
induced single-ovulations or before ovum pick-up has [detrimental effects on the quality of oocytes or embryusl Feed
restriction or high energy supply can be used strategically to obtain either more or better qualify oocytes or embryos.
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SEMEX IVF pregnancies

Geneties for Life®

- We have seen some differences in pregnancies following
the transfer of IVF embryos produced in our systems
- 10-20 % of recipients present a delay in mammary
development
- 10 % of recipients calve after 282 days of gestation

We will induce recipients that do not demonstrate mammary
development up to 14 days prior to due date

- We have also seen cases of enlarge umbilical cords
Probably due to induction cases

&

SEMEX' IVF calves

Geneties for Life®

200
- Small Line | Large Line
180

- Calf weight ~ 39.4 42.0
at birth (kg)

140 Hansen et al. Advances in Dairy Technology (1999)
Volume 11, page 39

Number of calves
o o o o o

N
o

0o - - _-_III‘ |‘|Ill-l--

14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70
Weight at birth (kg)
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SEMEX Conclusion

Genetics for Life”

* IVF is a growing technology and will continue to be an important
ART worldwide
« If we want to be commercial successful, we must collaborate
together as a team
» Veterinarian + IVF lab + Farmer
* It's all about QUALITY embryos and pregnancies
« Synchronisation + superovulation
» Donor potential
* Nutrition
* Must continue research related to the safe movement of
germlasm around the world

+*

SEMEX Boviteq Team

Genetics for Life”

Vigneault

{
|

L ‘% Dr Christian
!j"‘" i

i Z

;. £l

Dr FX h’ sl E Valérie
-3

Grand ‘ 1 Fournier
y W4
,‘ el 1
.-JAL

Thank you
Melissa
Bowers

Dr Shantille
Kruze

Questions?
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