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Multiple 
Ovulation

and Embryo 
Transfer 
(MOET)

Adult vs juvenile MOET programs

More offspring of top cow after testing it

Generation interval 44 months
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-More offspring of top 
cow before testing it
-Select base on 
parent average
-Shortened
generation interval

History 1

Year Research group First successful use

1890 Walter Heape Embryo transfer in rabbit

1951 Willett et al Surgical embryo recovery

1964 Sugie Non surgical embryo recovery (bypass)

1964 Mutter et al Non surgical (transcervical) transfer

1969 Rowson et al
Surgical recovery and transfer (high
success rate)

1972 Sugie et al Non surgical recovery by Foley catheter

1973 Wilmut and Rowson Embryo freezing

1981 Willadsen et al Identical twins by embryo splitting

Heape, W. (November 1890). "Preliminary note on the transplantation and growth of mammalian ova within a uterine foster-mother". Proceedings of the 

Royal Society of London. Series B, Containing Papers of a Biological Character. 48: 457–458. doi:10.1098/rspl.1890.0053. Heape worked at Cambridge 
from 1891 to 1906. In November 1897 he published a second paper on his embryo transfer experiments. Heape's contribution to 'applied' science 

included the rekindling of interest in artificial insemination (1897a, 1898) and the laying of a scientific foundation to the animal breeding industry with 
emphasis on its economic importance (1899, 1906). In 1906 Heape was elected F.R.S.

https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1098/rspl.1890.0053
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Year Research group First successful use

1982 Renard et al One step freezing method

1983 Lehn-Jensen et al Freezing of splitted embryos

1983 Brackett et al In vitro fertilisation (IVF)

1985 Hanada IVF from slaughterhouse oocytes

1987 Massip et al Freezing by vitrification

1987 Prather et al Cloning by nucleus transfer

1990 Herr et al Sexing of embryos by PCR

1997 Wilmut et al Somatic cell cloning

History 2

Major steps
of oogenesis
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Follicular growth

LH peak – ovulation interval 
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Oviductal transport - fertilization

Events after sperm deposition
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Capacitation, acrosome reaction
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Postcapacitation events

and fertilization

Zona binding and initiation

of acrosome reaction
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Acrosome reaction

Sperm-oocyte fusion
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Activation of Ca2+ 

waves in the oocyte

Developmental and 

maternal events
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Oviductal transport -

fertilization

Development of the embryo
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Transport in the oviduct

Embryo compaction and polarization
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Morula – blastocyst transition

Toti-, pluri- vs. 
unipotency

Pluripotent embryonic stem cells originate as inner
mass cells within a blastocyst. The stem cells can
become any tissue in the body, excluding a placenta. 
Only the morula's cells are totipotent, able to
become all tissues and a placenta
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Early embryonic development

Early embryonic development
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Early embryonic development

Embryo photos
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Development of human embryos

Superovulatory protocols
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Superovulatory responses

Embryo recovery
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Non-surgical embryo flushing

pH 7.2–7.6

Osmolality 270–310 mOsM/kg

Humidity 100 percent

Temperature Room temperature (15–25°C) or 37°C in incubator

Buffer
Phosphate or bicarbonate ion (latter must be maintained

under 5 percent CO2 atmosphere)*

Sterilization

Filtration of medium through 0.22-μm-pore membranes, 

aseptic techniques; sterile equipment; addition of 100 IU 

penicillin G, and 50μg streptomycin sulphate per ml, or 25 

μg/ml gentomycin sulfate; addition of antimycotics

sometimes indicated

Macromolecu

le

Sterilized, heat-inactivated serum or serum albumin (e.g. 

Fraction V, bovine serum albumin)

* There is anecdotal evidence that HEPES buffer is detrimental to bovine embryos

Recommended culture conditions

http://www.fao.org/docrep/004/t0117e/T0117E06.htm
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Mixture One Amount Function

CaCl2.2H2O 1.32 g Membrane/enzyme function

MgSO4.7H2 1.21 g Membrane/enzyme function

The above may be weighted in advance and stored indefinitely in a sterile bottle under refrigeration

Mixture Two Amount Function

NaCl 80.0 g
Osmotic balance; neutralize

charge cell membrane

KCl 2.0 g

Na2HPO4 11.5 g Buffer to maintain pH

KH2PO44 2.0 g Buffer to maintain pH

Glucose 10.0 g Energy source

Na pyruvate 0.36 g Energy source

Streptomycin sulfate 0.5 g Prevent growth of microorganisms

Na penicillin G 1 000 000 units
Prevent growth of micro-

organisms

Mixture Two may be weighed in advance and stored dry in a sterile bottle under refrigeration for six months

Combination of mixtures One and Two

Dissolve the reagents in mixture Two in 8 litres of deionized or distilled water. Dissolve mixture One in 2 litres of 

deionized or distilled water. Add these 2 litres to the 8 litres stirring constantly. Other methods of dissolving these

ingredients often result in the formation of a precipitate. Sterilize medium by passage through a 0.22-μm 

bacteriological filter.

Modified Dulbecco’s PBS (10 l)

Foley catheter (Rüsch)
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Cervix expander, flushing medium

Embryo 
flushing
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Embryo flushing

Isolation of 

embryos
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Embryo filters

Embryo filters
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• Morula (Stage code 3): A mass of at least 16 cells. Individual blastomeres are difficult to discern from one

another. The cellular mass of the embryo occupies most of the perivitelline space. 

• Compact morula (Stage code 4): Individual blastomeres have coalesced, forming a compact mass. The 

embryo mass occupies 60 to 70 % of the perivitelline space. 

• Early blastocyst (Stage code 5): An embryo that has formed a fluid-filled cavity or blastocele and gives a 

general appearance of a signet ring. The embryo occupies 70 to 80% of the perivitelline space. Early in this

stage the embryo may appear of questionable quality because it is difficult to differentiate inner cell mass

from trophoblast cells at this time. 

• Blastocyst (Stage code 6): Pronounced differentiation of the outer trophoblast layer and of the darker, more 

compact inner cell mass is evident. The blastocele is highly prominent, with the embryo occupying most of 

the perivitelline space. Visual differentiation between the trophoblast and the inner cell mass is possible at

this stage of development. 

• Expanded blastocyst (Stage Code 7): The overall diameter of the embryo dramatically increases, with a 

concurrent thinning of the zona pellucida to approximately one-third of its original thickness. 

• Hatched blastocyst (Stage code 8): Embryos recovered at this developmental stage can be undergoing the

process of hatching or may have completely shed the zona pellucida. Hatched blastocysts may be 

spherical with a well defined blastocele or may be collapsed. Identification of hatched blastocysts can be 

difficult unless they re-expand when the signet ring appearance is again obvious. 

Evaluation of embryos: Stages
(Bó and Mapletoft, 2013)



2018. 09. 10.

25

 Code 1: Excellent or Good. The embryos have a symmetrical and spherical mass with individual blastomeres
that are uniform in size, color, and density. This embryo is consistent with its expected stage of development. 
Irregularities should be relatively minor, and at least 85% of the cellular material should be an intact, viable
embryonic mass. This judgment should be based on the percentage of embryonic cells represented by the
extruded material in the perivitelline space. The zona pellucida should be smooth and have no concave or flat
surfaces that might cause the embryo to adhere to a petri dish or a straw. Code 1 embryos survive well to the
freezing/thawing procedure and some practitioners call them “Freezable embryos”. Grade 1 embryos are also
those recommended for international trade. 

 Code 2: Fair. These embryos have moderate irregularities in the overall shape of the embryonic mass or in size, 
color, and density of individual cells. At least 50% of the embryonic mass should be intact. Survival of these
embryos to the freezing/thawing procedure is lower than with Grade 1 embryos, but pregnancy rates are
adequate if embryos are transferred as fresh into suitable recipients. Therefore these embryos are often called
“transferable” but not “freezable”. 

 Code 3: Poor. These embryos have major irregularities in shape of the embryonic mass or in size, color, and 
density of individual cells. At least 25% of embryo mass must be intact. These embryos do not survive the
freezing/thawing procedure and pregnancy rates are lower than those obtained with fair quality embryos if
transferred fresh into suitable recipients. 

 Code 4: Dead or degenerating. These could be embryos, oocytes or 1-cell embryos. They are non-viable and 
should be discarded.

Evaluation of embryos: Quality
(Bó and Mapletoft, 2013)

Bovine embryos: developmental
stage and quality. Stages 1 to 5
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Bovine embryos: developmental
stage and quality. Stages 1 to 5

Bovine embryos: developmental
stage and quality. Stages 5 to 9
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Bovine embryos: developmental
stage and quality. Stages 5 to 9

Loading of embryos
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Donor-recipient

synchronisation

Donor-recipient

synchronisation
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Surgical transfer of embryos

Transfer catheter
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Ipsilateral transfer



2018. 09. 10.

31

Expected Success Rates of ET

(Source: Osnabrücker Schwarzbuntzucht 2009/1)
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(Source: Osnabrücker Schwarzbuntzucht 2009/1)

Expected Success Rates of ET

Factors influencing the ET
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Splitting of embryos (cloning)

Assisted reproductive technologies

– additional methods
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Assisted reproductive techniques
(ART)

Assisted reproductive techniques
(ART)
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ART

Microfertilization (ICSI, SUZI)
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Assisted hatching

Embryo biopsy - prenatal diagnostics
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Preimplantation Genetic Diagnosis (PGD)

Definition: A process which allows parents to have the
option of detecting potential defects in an embryo within
days after conception


