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The PigAtlas: genetic analysis of carcass traits of live boars
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Summary

The objective of this study was to estimate genetic parameters of primal cuts and carcass
composition in live pigs measured by atlas segmented images from computed tomography
(CT). Data from 2439 purebred Duroc boars from the boar testing station, Norsvin Delta in
Norway, was used. The Pig Atlas is an automated in vivo virtual dissection, and the carcass
was decomposed into four primal cuts (ham, loin, shoulder and belly). The primal cuts were
expressed as percentage of the total carcass. The lean meat percentages (LMP) for each
primal cut were also calculated. In addition, data on carcass LMP, carcass yield, and backfat
and loin depth over last rib was available. Data was analyzed by univariate (heritabilities) and
multivariate (correlations) animal genetic models. All the primal cuts and the LMP within
each primal cut showed intermediate to high heritabilities (0.26-0.55). Belly, which is a
primal cut with high fat content, was negatively correlated to carcass LMP (-0.46, SE=0.09).
Shoulder and ham, which are leaner primal cuts, were positively correlated to carcass LMP
(0.38, SE=0.11, 0.31 SE=0.11, respectively). LMP for each primal cut were highly correlated
to each other (0.89-0.91) and to carcass LMP (0.95-0.97). The results show that the PigAtlas
provided phenotypes with substantial genetic variance, and logical genetic correlations
between carcass traits. These new in vivo carcass traits can help to select more efficiently for
the most desirable carcasses and/or sort sires in different markets.
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Introduction

The most important traits in pig breeding have for decades been related to efficient lean meat
production, i.e. selection for increased growth rate, feed efficiency and lean meat carcass
composition (Cameron, 1990). However, breeding goals have been changing toward retail
carcass yield and meat quality (Van Wijk et al. 2005) in addition to focus on cost reduction.
New and emerging tools to assess the value the carcasses based on primal yield or cut weights
(e.g. AutoFOM, SFK Technol- ogy A/S, Herlev, Denmark) may further increase the demand
for these traits. In vivo measurements on the selection candidates themselves will bypass the
use of sibs or half-sibs, and is a big advantage in selective breeding. Previous studies have
shown that primal cut traits are highly heritable on the carcass level (post mortem) with
heritabilities for ham, belly and loin ranging from 0.29 to 0.57 (Newcom et al. 2002; Van
Wijk et al. 2005). However, the genetic parameters for in vivo primal cuts and carcass
composition remain elusive. In 2008, Norsvin introduced CT scans in pig breeding based on
full body scans with slice thickness of 1.25 mm, 1.100 images per animal, and this is
currently used to estimate lean meat percentage and slaughter yield (Gjerlaug-Enger et al.
2012). The resolution of such data makes it possible to estimate volumes of different parts of
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the pig body. In order to automate the virtual dissection pigs, a pig atlas based on CT data was
developed by the authors. The pig atlas proved to be an effective way of recording primal cut
data from a large number of animals in an automated way (Gangsei & Kongsro 2016;
Gangsei et al. 2016). The study of genetic parameters for in vivo carcass and primal cut
composition is necessary for implementation of these traits in a commercial breeding program
for pigs. Thus, the aim of this study was to estimate genetic parameters of in vivo primal cuts
and carcass composition in pigs measured by atlas segmented images from computed
tomography (CT) for Duroc pigs.

Material and method

CT scanning, image analysis and atlas segmentation

The pigs were CT scanned using a GE Healthcare VCT 32 scanner at 120 kg body weight,
and the pigs were sedated before scanning. Using atlas segmentation, every voxel was
assigned to one of the primal cuts, i.e. ham, belly, loin (including tenderloin) or shoulder, or
as non-commercial parts, i.e. internal organs, testicles etc. A voxel represents a volume
element which is the three-dimensional version of a pixel. The labelled atlas was based on
expert segmentation of CT images (Gangsei et al., 2016). After atlas segmentation all voxels
in the primal cuts were classified into the tissue classes; meat, fat or bone. Voxels with HU >
200 were classified as bone. Thereafter, the total weights of meat, fat and bone within each
primal cut were easily calculated as the sum of weights of voxels were classified to the actual
cut and tissue. These weights constitute the basis for all genetic parameter calculations in this
study.

Animals and traits

2439 purebred Duroc boars from the boar testing station, Norsvin Delta in Norway, were CT
scanned as part of the Topigs Norsvin genetic program as described in more detail in
Aasmundstad et al. (2013) and Gjerlaug-Enger et al. (2012). The purebred boars are raised to
25-30 kg in different nucleus herds located in Norway, and are then sent to the boar testing
station where they are raised until end of test at 120kg. Carcass weight was defined as the
sum of primal cuts (ham, belly, loin and shoulder), excluding the head. The primal cuts ham,
belly, loin and shoulder were obtained as described above, and were expressed as relative
primal yield (relative proportions of carcass weight). The boars were scanned at
approximately 120kg (SD=2.14) and expressing the primals as percentages makes the primals
independent of weight of the animal. Lean meat in each of the primal cuts was also expressed
as a percentage of lean meat (LMP) in the specific primal cut. Carcass lean meat was
expressed as carcass lean meat percentage. Carcass yield was defined as a ratio of carcass
weight (sum of all primal cuts) over live weight estimated from the entire CT volume of the
pig. Loin depth was defined as muscle (m. longissimus) depth in cm at the last rib measured
on CT images. Backfat thickness was defined as subcutaneous fat layer over loin depth at the
last rib measured on CT.

Statistical analyses

The (co)variance estimates were obtained from univariate (heritabilities) and multivariate
(correlations) animal genetic models. The DMU software (Madsen P and Jensen J 2013) was
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used. The model for each trait was defined as:

Where Y is the studied trait(s). For all y, PARITY (parity of dam) included four levels (i = 1,
2, 3 or a higher parity, unknown parity), HY (herd of origin and year of birth) included j = 35
levels MONTH (month born in) included k = 12 levels. SECTION (section in the barn at the
testing station) included l= 74 levels. LW of each animal (live body weight in kg from CT
scanning) was fitted as a fixed regression coefficient of first (β1) and second (β2) degree.
PARITY, HY, MONTH and SECTION were treated as fixed effects. Pen (at the testing
station), litter (common environmental effect for full sibs), animal and error were treated as
random effects. For the multivariate model, the additive genetic effects were expected

and both the pen, litter and residual effect were expected where A is the
additive relationship matrix, G is the additive genetic (co) variance matrix, I is an identity
matrix of dimension equal to the number of animals with phenotypic records and R is the
residual (co)variance matrix.

Results

Descriptive statistics

A summary of the descriptive statistics is shown in table 1. Ham was the largest primal cut,
and loin the smallest. LMP for each primal cut was highest for ham and lowest for belly.
There was substantial phenotypic variation in primal cuts and LMP’s within primal cuts
shown by the means and standard deviations.

Heritabilities

Heritability estimates (+- standard errors) are presented in table 2 and 3 (diagonal elements).
The heritabilities for all primal cuts were intermediate to high, h2 ranging from 0.26 to 0.29
(table 2). The lowest and highest heritabilities were found for shoulder and belly, respectively.
The standard errors were relatively small (0.05-0.07). The lean meat percentage had a high-
intermediate heritability, whereas yield showed a lower heritability. Loin depth and backfat
were also intermediate heritable. The heritabilities for the LMP in each primal cut were high
and similar to carcass LMP.

Genetic correlations

Genetic correlations were close to zero for shoulder and ham and shoulder and loin (table 2).
Negative genetic correlations were found between the other primal cuts, and the strongest
negative correlation was between belly and ham. Carcass LMP showed a positive correlation
to shoulder and ham, but was negatively correlated with belly. Loin showed no genetic
correlation to carcass LMP. Loin depth and loin was positively correlated, but loin depth was
negatively correlated to shoulder and belly. Backfat showed a positive correlation with belly
and loin, but a negative correlation with shoulder and ham (table 2). LMP for each primal cut
were strongly correlated to each other (0.89-0.91) and even more so to carcass LMP (table 3).
Carcass yield showed a weak, positive correlation to loin LMP, but the no correlation to LMP
in other primals. Loin depth showed intermediate, positive genetic correlations to the LMP in
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the primal cuts, and backfat was consistently negatively correlated to LMP in the primals
(table 3).

Discussion

The objective of the study is to identify and measure genetic parameters of primal cuts and
carcass composition measured in vivo by CT, in order to implement these traits in a
commercial breeding program for pigs. To the best of our knowledge the use of atlas
segmentation based on CT scans of boars in vivo on an industrial scale is exclusive to the
Topigs Norsvin genetic programmes. In this study, in vivo primal cuts from atlas
segmentation are used for to genetic parameter calculations for the first time, and all the
primal cuts and lean primals show intermediate-high heritabilities (0.26-0.55). Together with
the substantial phenotypic variation this enable selections for these traditionally hard to
measure traits. The primal cuts have different value to the market and the value varies also
considerably between markets (European vs. Asian and North American). Primal cuts from in
vivo measurements implemented in the breeding goal could more efficiently breed for lines
with the most profitable carcasses to different markets.

A high carcass LMP means a carcass with high muscle to fat ratio. The belly is a primal
cut with high fat content, and the negative correlation between belly and carcass LMP is
therefore not surprising. Shoulder and ham are on the other hand leaner and large primal cuts,
and this is reflected in the positive correlation to carcass LMP. Backfat and carcass LMP was
negatively correlated which is natural as the backfat measure is expected to be lower in pigs
with high carcass LMP (lean pigs). The positive correlation of backfat with belly is therefor
expected. Correlations for backfat with shoulder and ham showed the same pattern as carcass
LMP indicating that pigs with high backfat and/or high carcass LMP (lean pigs) have larger
proportions of shoulder and ham compared to fat pigs. Carcass yield was the least heritable of
the studied traits, and show that environmental factors (e.g. measuring technique, trait
definition) play a major role for this trait. The correlations for carcass LMP and carcass yield
with the primal cuts were generally intermediate to low, and this indicates that these two
measures do not accurately capture the variation in primal cut composition. Loin depth was
measured at one point of the loin, and the positive genetic correlation to loin as a primal cut is
therefor expected. The genetic and residual correlations are however only intermediate (-0.21-
0.26) showing that loin depth is not an optimal indicator of the proportion loin in a carcass.
The carcass LMP seems to be a good indicator of LMP within each primal as the genetic and
residual correlations were very high. The genetic correlation between the LMP in the four
primal cuts were around 0.9 which is very high, but it will still be possible to change the lean
content more in some parts than in others.

In this paper, it was decided to use primal cuts as the relative proportions (%) of carcass
weight, to avoid confounding between carcass weight and primal cut yields. This contrasts
with previous studies on traits related to primal cuts, where the focus has been on primal cut
weights, with the carcass weight included as a covariate in the models. The authors find it
more relevant to use proportions directly as response in the models, as emphasis on the
proportion of valuable primal cuts in breeding goals will facilitate more valuable carcasses
and not just bigger carcasses (Moore et al., 2017). In beef, strong to intermediate and positive
genetic correlations between primal cuts (0.40-0.92) have been reported (Moore et al., 2017).
The primal cuts are in kg but adjusted for carcass weight (linear and quadratic regression). In
our results, negative genetic correlations were found between most of the primal cuts, and the
strongest negative correlation was between for belly and with ham. The dominating negative
genetic correlations between most of the primal cuts are natural as they are expressed as
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proportions of their own total sum of weight. Thus, by pure math, negative correlations will
dominate.

Conclusion

The results show that the PigAtlas provided phenotypes with substantial genetic variance, and
logical genetic correlations between carcass traits. These new, in vivo carcass traits can thus
be used to efficiently select for the most desirable carcasses.

Table 1. Summary statistics for traits (n=2439).

Trait Mean Standard
deviation

Shoulder (%) 31.05 0.85
Belly (%) 20.09 1.26
Loin (%) 13.40 0.69
Ham (%) 35.00 1.32
Shoulder LMP1 (%) 59.55 3.32
Belly LMP1 (%) 50.37 4.20
Loin LMP1 (%) 61.99 3.03
Ham LMP1 (%) 63.96 2.53
CLMP2 (%) 59.66 2.99
Yield (%) 74.29 1.10
Backfat (mm) 6.23 1.68
Loin (mm) 61.20 4.24
1Lean meat percentage (LMP) within each primal cut
2Carcass lean meat percentage (CLMP)

Table 2. Heritabilities (diagonal, bold) and genetic (below diagonal) and residual (above
diagonal) correlations (with SE). Primal cuts, carcass lean meat percentage (CLMP) and
carcass yield in (%), backfat and loin depth in millimeters.

Trait Shoulder Belly Loin Ham CLMP Yield Backfat Loin

depth

Shoulder .26 (.06) -.28 (.04) .08 (.05) -.45 (.04) -.07 (.07) .24 (.04) .10 (.05) .00 (.06)

Belly -.50(.10) .39 (.06) -.15 (.05) -.58 (.03) -.12 (.07) -.45 (.04) .25 (.05) .01 (.07)

Loin -.02 (.13) -.24 (.11) .34 (.06) -.44 (.04) -.02 (.07) -.10 (.05) .03 (.05) .21 (.06)

Ham -.04 (.14) -.68 (.07) -.32 (.11) .27 (.05) .15 (.06) .28 (.04) -.28 (.04) -.10 (.06)

CLMP .38 (.11) -.46 (.09) -.05 (.10) .31 (.11) .58 (.07) -.03 (.06) -.23 (.07) .17 (.09)

Yield .11 (.17) .02 (.13) .02 (15) .34 (.15) .05 (.14) .14 (.04) .08 (.05) .27 (.05)

Backfat -.18 (.14) .38 (.11) .26 (.12) -.47 (.11) -.67 (.08) .10 (.16) .33 (.06) .09 (.06)

Loin

depth

-.18 (.14) -.23 (.11) .26 (.11) .22 (.13) .21 (.10) .50 (.13) .05 (.12) .49 (.07)
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Table 4. Heritabilities (diagonal, bold) and genetic (below diagonal) and residual (above
diagonal) correlations (with SE). Lean meat composition (LMP) in each primal cut, carcass
lean meat percentage (CLMP) and carcass yield in (%), backfat and loin depth in millimeters.

Trait Shoulder
LMP

Belly
LMP

Loin
LMP

Ham LMP CLMP Yield Backfat Loin
depth

Shoulder
LMP

.53 (.05) .74 (.04) .66 (.04) .66 (.04) .91 (.01) -.09 (.01) -.23 (.07) .09 (.08)

Belly LMP .89 (.02) .55 (.07) .79 (.03) .67 (.04) .91 (.01) -.12 (.06) -.20 (.07) .08 (.09)

Loin LMP .90 (.02) .90 (.02) .53 (.07) .55 (.05) .82 (.03) .08 (.06) -.27 (.07) .29 (.08)

Ham LMP .91 (.02) .89 (.02) .91 (.02) .51 (.07) .82 (.02) -.07 (.06) -.04 (.07) .24 (.08)

CLMP .97 (.01) .96 (.01) .95 (.01) .96 (.01) .58 (.07) -.03 (.06) -.23 (.07) .17 (.09)

Yield .03 (.13) -.03 (.13) .19 (.13) .05 (.13) .06 (.14) .14 (.04) .08 (.05) .27 (.05)

Backfat -.63 (.08) -.70 (.07) -.62 (.08) -.57 (.09) -.66 (.08) .11 (.16) .33 (.06) .07 (.07)

Loin depth .13 (.10) .18 (.10) .32 (.09) .17 (.10) .19(.10) .48 (.15) .05 (.12) .49 (.07)
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