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A recent trip to a Japanese
abattoir provided an interesting
opportunity to see carcases
produced in one of the most ex-
pensive markets in world pork
production.  
What makes the market very

different from others around
the world is the preference for
higher levels of fat compared to
conventional pig markets. The
optimal grade of pigs have 15-
21mm of backfat with animals
marked down for having backfat
levels lower than 15mm.
What was perhaps more sur-

prising was that the backfat
was then heavily trimmed so
that cuts of meat could meet
the 8mm criteria for the retail
packs (see picture below).  
The excessive levels of subcu-

taneous fat were then sold on
to caterers and restaurants for
use in soups and various cook-
ing products.  
Given the relatively lower price

of subcutaneous fat versus the
meat, the obvious question is
why should the slaughterhouse
pay for fat that it then has to
trim? The answer was only evi-
dent when the carcase was cut
open, revealing the high level of
subcutaneous fat in these ani-
mals (see picture right). 
Due to the high level of ge-

netic correlation between sub-
cutaneous backfat and
intramuscular fat (0.6-0.7) the
carcases with higher levels of
subcutaneous backfat also
therefore had higher levels of in-
tramuscular fat. Such fat is
highly prized in the Japanese
market and hence leads to a

higher value of the prime cuts
of meat. This is possibly one of
the only examples where pro-
ducers are paid for something
that is not wanted by the
processors, but on the reliance
that it is connected to some
other trait that is in demand.
Hence the processor is relying
on the genetic correlation be-
tween subcutaneous and intra-
muscular fat.
Could this system be im-

proved? Various technologies
are available for the reliable
measurement of subcutaneous
backfat hence this is both a
safe and trusted method by
both producer and processor. 
The technology gap appears in

the reliable measurement of in-
tramuscular fat. 
Currently there is not a reli-

able and quick measurement
for intramuscular fat that can

be installed onto a production
line, hence the system currently
being used by the Japanese.
Until such a device is designed
it is likely that the existing sys-
tem will prevail.  
New technology development

could revolutionise the market
and continued investment in this
field is essential.             n
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JSR was recently approached
to address a more complex
problem using genetics than is
often raised by conventional pig
production business.  
Could JSR use genetics to se-

lect animals based on their tem-
perament? This was an issue
as the group of producers con-
cerned were currently tail dock-
ing to prevent tail biting in their
finisher pigs.  
The processors and retailers

purchasing such pigs were un-
happy at the amount of tail
docking on the animals. 
Whilst accepting that tail bit-

ing is often caused by an envi-
ronmental stress being placed
on the animals, the question
and solution is very interesting.

Poultry has the an-
swer

The answer comes from work
undertaken in the poultry indus-
try when battery cages were
first removed in many markets
several years ago.  
At this point, the poultry com-

panies saw increased levels of
cannibalism in their birds, the
reason being that they had pre-
viously lead a solitary lifestyle
and did not perform well when
mixed with other birds. 
Clearly in such circumstances,

birds had to be selected that
performed well in group housing
systems, and at the same time
did not hinder the performance
of their contemporaries within
the same group.  

Group selection

The method to achieve this is
called group selection. Under
group selection an animal has
their individual performance
record, but also the overall per-
formance of their entire group. 
Hence animals that per-

formed very well at the expense
of their housemates were pe-
nalised, whilst those that per-
formed well and allowed other
animals in the group to do the
same were favoured through
the selection process.  
The relative weightings of indi-

vidual versus group perform-
ance allowed the geneticists to

exert greater or lesser influ-
ence on the altruistic behaviour
of the animal within its group.
The methodology is best

demonstrated in the most ex-
treme example of two pens of
10 pigs growing for 60 days.
Assume in one pen that all 10
pigs grow an average of 1kg
per day, and in the other pen
the dominant animal kills its nine
contemporaries on the first day
and is able to monopolise the
feeder to grow at 1.4kg per day.
On individual performance the

dominant animal in the second
pen would clearly be favoured
despite its killing streak.  
Under group selection the

total weight gain in the first pen
would be 600kg and only 84kg
in the second pen, hence group
selection would typically give a
seven fold advantage to animals
in pen 1 and, depending on the
weighting of individual vs group
performance, the individual per-
formance of the animal in pen 2
may well be outweighed by its
poor group performance. 
Group selection methodology

is applicable in all species al-
though not widely used outside
of the poultry industry. 
Studies indicate a potential im-

provement in performance of 6-
12% in traits such as food
conversion ratio, average daily
gain and fat percentage when
such methodology has been ap-
plied. 

Evolutionary concept

Despite the renewed interest in
the work, the concept of group
selection is not necessarily new
and indeed has its roots in
Charles Darwin’s work “The De-
scent of Man” in 1871 where
he claimed, “Although a high
standard of morality gives but a
slight or no advantage to each
individual man and his children
over the other men of the same
tribe . . . an advancement in
the standard of morality will cer-
tainly give an immense advan-
tage to one tribe over another."  
The application to livestock

has merely extended this evolu-
tionary concept to a different
area of biology that is able to
answer questions asked of JSR
today.                                n
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For many consumers knowing
the source of their food is im-
portant. Consumers wanting to
select animals produced in a de-
fined country, from a specific
production system or from a
single farm or breed can find it
very difficult given modern pro-
cessing methods.  
In some circumstances even
identifying the country of origin
can be difficult with various
loopholes in the legislation
around labelling or the label
sometimes listing a wide region
rather than a specific country.  

The DNA trail

Various systems have been set
up to try to improve the trace-
ability of food. Most of the
methods have involved setting
up the necessary trail to allow
DNA to identify parents of the
slaughter animal, however this
method still remains problem-
atic because semen deliveries
are nationwide and hence the
same sire could be responsible
for a lot of matings across a
wide geographical area.  
In addition, the DNA method
requires all the parents to be
stored in a DNA library for the
comparison to the chosen sam-
ple. This can be excessively
cumbersome and lead to exces-
sive costs of establishing such a
project.

Isotope analysis

The British Pig Executive (BPEX)
are now trying a new non-DNA
based method using isotope
analysis.  
The work makes use of the
fact that for a number of ele-
ments there is more than one
isotope prevalent in the environ-
ment.  
The ratio of these isotopes dif-
fers based on global geographi-
cal location and the geograph-
ical source of the animal’s nutri-
tion.  
One of the most common ele-
ments used is carbon.  
The most common form of
carbon is 12C, however a heav-
ier form of carbon (13C) is also
prevalent with an additional neu-
tron in the nucleus.  

The percentage abundance of
the 13C isotope is largely de-
pendent on the geographical
source of the pig’s diet with ce-
reals such as wheat having a
lower percentage of 13C in
comparison to other crops such
as maize.  
Given the higher inclusion of
wheat in northern European pig
diets compared to other re-
gions of the world, the technol-
ogy allows the gradual
differentiation of the product.  
Obviously the technique does
not only rely on a single element
but a library of useful elements
including hydrogen, carbon, ni-
trogen, oxygen, sulphur and
strontium.
Previous work has already
demonstrated that looking at
13C and 15N can clearly iden-
tify between British and Irish
and Brazilian beef (Bahar et al.
2006) and current work in poul-
try is giving an accuracy of
~85%.  
The work in poultry is further
able to distinguish between pro-
duction systems, with data all
from UK birds showing a signifi-
cant difference in free range
chicken for the proportion of
the 2H isotope in comparison
to those produced from stan-
dard, organic or corn fed sys-
tems.  
As the research develops
there is further hope that it will
be able to differentiate between
geographical areas within a
country because heavier iso-
topes tend to be more preva-
lent in coastal regions where
the prevailing winds tend to
drop the initial rain upon reach-
ing land mass.  
The system is preferred to
DNA as it does not require the
creation of extensive and expen-
sive DNA libraries and can be
equally applied to any given
sample.
This technology potentially
gives the consumer the oppor-
tunity to trace the origins of
their pork.  
Whilst the initial research
work is likely to be costly in
terms of determining isotopic
profiles for different pork, it is
difficult to see any drawbacks to
the technology, assuming a suf-
ficient level of accuracy can be
achieved by the method.        n
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More breeding companies are
now offering the opportunity to
their customers to purchase
semen frozen rather than fresh.

With farrowing rate typically
10 percentage points lower
with frozen semen and the need
to use the more expensive and
complex deep inter-uterine
catheters coupled with the
more complex semen handling
and increased purchase costs,
at first glance it may be difficult
to see why producers would
choose frozen semen.

Some producers have seen
significant benefits in using
frozen semen in contrast to
fresh within their production
systems. The reasons why they
choose frozen semen do how-
ever vary. For some producers
the distance the semen has to
travel and the time that this
takes means that with conven-
tional fresh semen diluents
there is insufficient shelf life for
the semen to be used optimally
on the farm. In contrast, stored
frozen semen can be kept for
years and simply thawed when
needed. This avoids the prob-
lems of unreliable or long deliv-
ery times and guarantees the
semen being used in its optimal
condition. Similarly, other pro-
ducers can get deliveries of
fresh semen, but this is not al-
ways temperature controlled.

Variations in delivery tempera-
ture (outside of 15-19°C) are
typical in colder climates such
as those in Eastern Europe or
Canada during the winter.

Hotter climates, such as
many of the summers in Asian
pig producing countries, can
lead to significant levels of
semen mortality. In contrast,
frozen semen remains frozen
and hence does not experience
fluctuations in temperature and
does not deteriorate in the
same way fresh semen can with
ambient air temperature.

Other requests for frozen
semen are sometimes linked
with consistency of supply.

When genetic material has to
cross national borders or move
across regions of variable
health status, severe restric-
tions can be placed on the
transport of the semen. In the
most extreme cases either the
source region or country can be

prevented from supplying
semen or the recipient herd
may be prevented from intro-
ducing new genetic material
into the region. In these cases
producers reliant on their
semen supply can experience
significant problems. A store of
frozen semen capable of meet-
ing herd requirements for a
prolonged period of time can
overcome these health restric-
tions to the movement of genet-
ics. A frozen semen store can
offer a backup should such
events take place and prevent
any established breeding pro-
gramme from breaking down.

There are, however, a number
of additional steps producers
should take when using frozen
semen. The first is the thawing
process. This should always be
carried out exactly to the sup-
plier’s instructions. This will usu-
ally involve the submersion of
the semen straws into a tem-
perature controlled water bath.
It is vital that, for this process
to occur successfully, both the
temperature and the timing is
very precise. Too fast or too
slow, too hot or too cold will all
lead to sperm death. 

The second step is the con-
centration used. In order to
compensate for the lower
semen mortality post thaw
greater concentrations of
semen are often used. 

This can be double the
amount of a regular semen
dose ie 4-5 billion sperm per
dose. Finally the preferred
method of insemination is with
deep intra-uterine catheters. 

These catheters should only
be used with trained, experi-
enced staff and should be used
with detail heated detection of
the sow. These three steps
should allow good producers to
achieve acceptable results with
frozen semen.

The freezing of semen is
therefore a potentially valuable
tool to the industry and has the
capacity to help many produc-
ers across the globe mainly due
to the ease of transportation. 

In order to achieve optimum
results producers should always
concentrate on the attention to
detail required during the thaw-
ing and subsequent application
process.                              n
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Previously, embryo transfer in
pigs has required invasive surgi-
cal techniques. In addition, the
farms have required specialised
facilities to allow for the anaes-
thetisation of pigs and their sub-
sequent recovery. Now several
companies have products aimed
at trans-vaginal embryo trans-
fer. 

Whilst initial attempts may
yield lower success rates com-
pared to conventional produc-
tion methods a combination of
time, skills and product develop-
ment will undoubtedly provide a
commercially viable product and
service. So with the possibility
of trans-vaginal embryo transfer
now a distinct possibility for the
movement of genetics into con-
ventional commercial farms, it
is an appropriate time to con-
sider the implications for pro-
ducers, and rather timely that
JSR were discussing embryo
screening with an academic
group more accustomed to
human embryo screening.

The benefit of embryo transfer
is the easiest to quantify. For
breeding companies it means
genetic material is easier to
transport around the globe as
embryos can be carried in hand
luggage rather than using pal-
lets of live pigs on expensive
freight planes. It can also re-
duce the genetic lag between
the principle nucleus sites of
the breeding companies and
other herds in the pyramid as
embryos can be flushed and
moved from nucleus sows
rather than relying on dissemi-
nation through animal move-
ments and semen. 

For producers it allows rapid
displacement of older or native
genetics with an immediate
move to the new genetic sup-
plier in a single generation. 

The technology could change
restocks and gilt supply in a
similar way to how AI trans-
formed the terminal sire boar
market when it was first intro-
duced for commercial produc-
ers. 

The breed of the recipient ani-
mals does not contribute to the
offspring so changing the herds
breed makeup becomes rela-
tively easy since Landrace sows
could in theory give birth to
pure Duroc offspring.

The screening of embryos
brings with it significant bene-
fits. In human embryology for
some time it has been possible
to sex embryos prior to implan-
tation into the female recipient;
however in most countries,
such practices would be seen
as unethical. 

What has been more widely
used is genetic testing of em-
bryos for inherited diseases to
ensure subsequent offspring
were not born with a known ge-
netic defect. Both of these tech-
nologies are very useful for pig
production. Sexing embryos
means that purchasers can get
the necessary ratio of male and
female offspring they desire for
their new herds. 

Genetic screening is unlikely to
be necessary for inherited dis-
eases or defects in pigs but
may be used to screen for
markers known to be associ-
ated with phenotypic perform-
ance. With breeding companies
now seeing the results from the
70,000 marker SNP chip and
now able to identify which mark-
ers are associated with pheno-
typic traits it is possible that
embryos could be screened
prior to implantation. 

This would allow an additional
level of selection without having
to produce an additional gener-
ation, and could be used to ac-
celerate genetic improvement
albeit only using genotype infor-
mation. 

The biggest challenge regard-
ing the use of embryos to set
up nucleus herds is the assign-
ment of parents to offspring. 

In order to minimise inbreed-
ing, typically breeding compa-
nies would only implant 2-3
offspring for any one family. This
means that within one sow
there may be offspring from
multiple parents. 

The solution to identifying
parentage would again be re-
liant on the use of genetic mark-
ers to ascertain the sow and
boar. 

Embryo transfer is therefore a
potentially powerful tool for a
pig breeder, one that is made
even stronger when coupled
with the latest genetic technolo-
gies that allow even greater
gains to be achieved.            n
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The recent 9th World Congress
on Genetics Applied to Livestock
Production, in Leipzig, Germany
again proved to be an excellent
event for all livestock geneti-
cists.
Interestingly the pig pro-

gramme was both stimulating
and varied particularly in con-
trast to the dairy industry which
appears to be investing all its
hope for the future in genome-
wide selection.In contrast the
benefits of genome wide selec-
tion for pig breeding are lower
than in the cattle industry due
to the shorter generation inter-
vals in pigs.  
The pig geneticists were

treated to a range of subjects
including the use of residual
feed intake in selection indices,
various technologies aimed at
measuring and increasing intra-
muscular fat and the use of
crossbred breeding values to
try and accelerate genetic im-
provement and ensure cus-
tomers are able to achieve
more of the genetic potential of
a product. 
Interestingly two memorable

quotes by presenters were
quite self critical of scientists.
One was that ‘P values are stu-
pid’.  
This comment relates to the

fact that much of science is not
considered to be significant un-
less the probability that the re-
sult occurred by chance alone
is less than 5%.  
Although those scientists with

work reaching this threshold
were obviously not critical of its
rather arbitrary nature it was
the scientists whose work failed
to achieve such significance
that were objecting to its use.
In some circumstances they do
have a valid argument.  
Why should work reaching a

P-value of 5.1% be considered
a ‘chance result’, whereas work
reaching a P-value of 4.9% be
scientifically robust?  
In some circumstances much

of the overwhelming published
literature supports the original
hypotheses and in these cases
taking existing work into ac-
count may mean the 5%
threshold is indeed unsuitable. 
This position was taken when

looking at candidate genes in-
volved in a pathway affecting a

performance trait however the
scientists must be careful that
they are not simply lowering
threshold levels simply to rein-
force a predetermined opinion
that a specific gene ‘must’ af-
fect the trait under scrutiny.
The other critical comment of

one group of researchers was
aimed at those involved in simu-
lation studies. After one specific
presentation the speaker was
congratulated that his method
had ‘come up with the number
he first thought of’.  
This was because the scien-

tist in question had simulated a
particular set of data and had
then analysed the data using
the same model used for the
simulation. Needless to say the
methodology worked wonderfully
well and gave some very neat
results. 

Unfortunately for those of us
working with the pig we don’t
know the underlying biological
models for all traits (after all
this is why we are doing the re-
search) hence the success of
the methodology in simulation
studies does not guarantee its
appropriate use with experimen-
tal data – and normally the live
animal is much more complex
than any simulation.
So whilst simulation can pro-

vide some help under certain
circumstances and avoid some
very expensive mistakes it is
predominantly live experimental
data that will be shaping the fu-
ture of JSR science.  
Real data collected on real an-

imals is far more valuable and a
much more powerful tool.  It is
for this reason JSR sponsors
the pig unit at Harper Adams
University College, has sta-
tioned an additional nucleus unit
in Canada and is investing in
further upgrades to its primary
sire line nucleus unit in the UK.
The volume of data produced
from these powerhouses of sci-
entific investment generates
more data in one month than
many university researchers are
able to achieve in a year. 
Based on this fact the simula-

tors may be better employed
working with breeding company
data and producing more an-
swers from a real, unsimulated
pig!        n
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A recent conversation with an
academic colleague at the uni-
versity of Guelph was an inter-
esting reminder of a genetic
technology that has not been
utilised in the food production
industry, that of Genetically
Modified Organisms (GMOs). 
Make no mistake, this technol-

ogy has been utilised in livestock
but primarily by the biomedical
sector. Most genetically modi-
fied organisms, including the
very first in the livestock sector,
Tracey the transgenic sheep,
have been modified to produce
a beneficial protein to the phar-
maceutical industry.  
The protein produced by

Tracey in her milk was human
α-1 antitrypsin and is used to
treat diseases such as cystic fi-
brosis and emphysema. 
Whilst the cost of producing

GMOs is very high, the high
value of the protein in the
human biomedical sector justi-
fied the work with Tracey. 
More recently, attendees at

the 2010 JSR Technical Confer-
ence heard of the work Groupe
Grimaud were doing with geneti-
cally modified rabbits, by also
expressing valuable proteins to
the biomedical sector in their
milk.
So what of livestock produc-

tion? The pig project at the Uni-
versity of Guelph produced
Enviropig in 1999. These ani-
mals are genetically engineered
to produce phytase in their
saliva. Phytase is the enzyme
responsible for breaking down
the undigestible phytic acid in
grain and oil seeds, a chief con-
stituent of pig diets. 
This therefore releases di-

gestible phosphorus, calcium
and various other nutrients.
Typically phytase would normally
be added to pig diets in order
for them to achieve access to
these nutrients in the grain,
however genetically modified
pigs express this naturally in the
saliva so the extra supplementa-
tion is unnecessary. A further
benefit is the reduced phospho-
rus excretion in the manure.
These animals excrete between
30-70% less phosphorus than
a conventional pig due to their
enhanced genetic modification. 
With benefits to both the

growing pig through naturally

enhanced nutritional benefits
from their diets, and the envi-
ronment through reduced phos-
phorus pollution, these animals
are arguably the first to be a
credible step to using GMO’s in
a food production programme.
So, what is holding back the

technology? One of the first
challenges is that the process
of genetic modification is com-
plicated and expensive hence
there are only a small number
of animals in this population
pool. If it were to be used more
extensively the pool would need
significantly widening and a mul-
tiplication tier would be required
to produce sufficient animals. 
Secondly, the other problem is

that of the beneficial trait.  Phy-
tase can be provided as a feed
supplement and therefore the
genetic modification is not the
only solution to the problem,
hence some may question why
it is necessary to use GMOs to
solve an industry challenge that
already has an alternative. 
Volatility in the availability and

price of phytase over recent
years has reinforced the bene-
fits to having phytase included in
the saliva of the animal.
However, the general public

may need further convincing of
the need for GM livestock to
enter the food chain rather
than simply based on supply
and price of the enzyme.
Probably the greatest benefit

of the Enviropig is the reduction
in pollution. If such technologies
are to be embraced by a public
sceptical of the use of genetic
modification it is the wider bene-
fits that should be emphasised,
not the opportunity for the pro-
ducer to make an extra dollar. 
Whilst the product will of

course raise unscientific and
alarmist propaganda from the
usual anti-science groups, at
last we may have transgenic
livestock technology that pro-
gresses both the needs of the
producer and the consumer,
leading to a wider acceptance
of GM livestock technology.
Even if Enviropig is not the

product to make the break-
through it must surely point the
way forward in terms of devel-
oping beneficial GMO’s in live-
stock to be used in the human
food chain.                           n
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A look around Eurotier demon-
strated a lot of interesting new
innovation for the pig production
industry. Interestingly some of
the most innovative products
were not in the halls of large
scale equipment and metal-
work, but on some of the
slighter stands, promoting rela-
tively small but significant break-
throughs for use in pig
production. 
One such area was the new

steps forward in catheter tech-
nology.  In order to keep up with
the developments elsewhere in
the industry, such as more reg-
ular use of frozen AI and the
use of lower semen concentra-
tions, as well as potential new
technologies such as semen
sexing and embryo transfer,
catheters have been developed
to allow ever deeper insemina-
tion.
Some of the concerns over

deep insemination catheters
have been the potential damage
to the reproductive tract using
the long rod attached to the
catheter.  
The absolute deep insemina-

tion catheter has now over-
come these concerns by using
a balloon type membrane at the
end of the catheter instead of
the long rod. 
Without a pointed end it is

therefore not possible to dam-
age the tract and the mem-
brane simply navigates through
the tract by gently moulding its
shape to that of the tract of the
sow. Hence, a relatively simple,
but truly innovative modification
has overcome a major concern
for production managers and
their staff. 
These changes do mean

some modifications to insemina-
tion technique. After years of
being told not to squeeze the
bag, bottle or tube containing
the semen, these new
catheters are hydraulically acti-
vated, and it is only with pres-
sure that the membrane is
forced from the catheter.  
The benefit is that the semen

is deposited deeper in the inter-
uterine tract at the uteral tubal
junction rather than in the
cervix.  
It is also recommended to re-

move the boar prior to service
to aid the process and hence

these changes do need to be
emphasised to staff, who may
have preconceived ideas on how
the catheters should be used
based on their previous stock-
manship knowledge.
This new technology has many

benefits; firstly the concentra-
tion of the dose can be reduced
to 500 million sperm per dose
in contrast to the 2.5 billion re-
quired with conventional
catheters. 
This reduction in volume al-

lows farms to run with fewer
boars and to make more insem-
inations from the same boar,
thus reducing variability in the
progeny.  
In addition, using fewer boars

will afford an opportunity to use
a boar of a higher genetic
merit.  
This technology also comple-

ments the use of frozen semen,
which due to the mortality of
the sperm during the freezing
process may be at a lower con-
centration than the conventional
dose.  
Ultimately, further adaptions

will hopefully allow breeding
companies to also implant em-
bryos and achieve 100% trans-
fer of the genetics rather than
the 50% we can achieve
through semen.
Eventually if semen doses can

be sufficiently reduced the op-
tions of semen sexing also be-
come available, which currently
is not possible at current levels
of sperm dosage.  
This is an illustration of how

technology can advance rela-
tively quickly when the incorpo-
ration of one innovation allows
the use of several other tech-
nologies.  
It is for this reason that sci-

ence tends to jump forward,
rather than progress steadily
following a series of small dis-
coveries.
Ultimately a relatively small

but innovative change has al-
layed many of the fears of using
deep insemination catheters.  
It is therefore expected that

we will see significant uptake of
this technology and start to em-
brace some of those other de-
velopments which have
previously been beyond the
reach of the commercial pig
producer. n
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