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I ntroduction

In aquaculture breeding, it is often useful to edilinformation from two or more distinct
subpopulations but to test them in a mixed popotatn order to avoid confounding with
environmental effects. Each of the subpopulations &n at least partially specific genetic
profile, and individuals from the subpopulationsmeoingle and co-develop in the mixed
population. It is difficult to conduct individuadiéntification and trait recording when a large
number of individuals are involved, when the indivals are small (before tagging weight)
and identification of specific individuals is tedbally difficult. Examples are product
evaluation and evaluation of families and inbregdi from hatching onwards. These studies
may also be conducted to evaluate the subpopulatiperformances under different
environmental conditions or experimental treatmefitee QTMP (Quantitative Tracing in
Mixed Populations) marker technology provides ahmdtand a system that avoids the need
to conduct individual identification and individuait recording in the mixed population. A
wide range of applications includes evaluation lenpand aquaculture breeding, breeding
by design and the optimization of microbial proessévan der Steen, 2008). The method
and markers were tested using DNA pools of two rdouting individuals.

Material and methods

QTMP method. By measuring the allele frequencies for a setevfegic markers in a mixed
population (MP) and combining that with knowledgé tbe genetic profiles of the
contributing populations, various characteristi€she mixed population can be determined.
MP is a mixed population which consists of indi\athi originated fronp subpopulations
with known, unknown or estimated contributions fraach of the subpopulations. The
genetic profile of the subpopulations is basednommarkers, withm > p-1. The allele
frequency for each of the genetic markers can beradned in the MP and in each of the
contributing populations. The following set of etjaas forp populations usingn markers
can be defined and solved:

Fup=C- Fi+ G- Fa+ ...+ G- F,
FPup=C F1+C P+ ..+ G- F,
FmMp:C_]_’Fm1+Q‘Fm2+...+qJ’Fmp
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where, Fyp is the observed allele frequency for tHemarker in the MP, witli=1,m

F|, is the allele frequency fof marker in thé™ subpopulation, witi=1,m andj=1,p

G is the fraction of individuals (or contributiorfjom thej™ subpopulation, with=1,p

The set of equations withunknowns can be solved with mixed model statist®ehnology
to obtain the values of; ¢o G. We defineM as am x p matrix of marker allele frequencies
for the m markers andg subpopulations. Y is then x 1 vector of observed marker allele
frequencies and is a vector with the solution for the subpopulaticontributions. The
model isy = Mc + e, with solutioné = (M'M)™M'y. The fact that the values férshould
add to 1 can be incorporated by using the RedueadtLSquares Model (Kinghost al,
2009). Estimates af might include negative estimates of contributiofisis can be solved
by putting the largest negative estimate at zemb r@moving the subpopulation involved
from the set of equations before re-estimatingcthvéributions. An other approach is to use
differential evolution to find values @fthat minimize the sum of squares for error, unter t
constraint that no element é&hould be less than zero, and that the elemenrtstaduld add
to one (Kinghorret al, 2009).

At the end of the experimental period or test, Mié can be split into bands based on
phenotypic characteristics. For a quantitativettsich as shrimp body weight, the
individuals may be approximately divided into twornore categories, ranking from low to
high. Application of QTMP for each of the trait st®s will result in estimates for the
contributions of the subpopulations to each ofdlesses. With this information the means
and standard deviations per subpopulation can lmlated for the trait (Kinghoret al,
2009). The accuracy of these estimates will demandngst others on how accurately the
individuals are allocated to the trait classes @mdthe number of classes used. For
gualitative traits the trait classes are obvioussTight for instance be the classes ‘normal’
versus ‘defect’.

Material. The DNA of 49 pairs of individuals were pooledon#9 pools with 50/50
contributions of two individuals to one pool. Thencentration of the 98 contributing DNA
samples was measured with the NanoDrop method4%mmoled samples, the 98 individual
samples and an additional set of 255 individual das were genotyped in duplo by
ServiceXS for 48 SNP with the Fluidigm BioMatksystem.

Statistical analyses. Although the Fluidigm system results in genotygadls, the signal
intensity X and Y results are also available foalgsis. The results of the 353 individual
samples and the 98 pools were used to producectimdiequations for individual SNPs.
The models used were:

y=Plate + X+ b Y +b; XY +e (Model 1)
y=Plate + pX + b Y + b XY + b, R+ b X?+ b Y2+ b, RP + e (Model 2)
where, y is the frequency of allele-1 (Fluidigm gbme call), Bs are regression
coefficients, X and Y are the signal intensitied &= X/(X+Y). Model 2 results were used
to estimate the frequency of allele-1 in the podathples. The estimated allele frequencies
were used to estimate the contributions from theitdividuals to the pool.



Results and discussion

The results of models 1 and 2 were compared withbise model of using the adjustment
factor k to account for the deviation of the heterozygdtesn the midpoint between the 2
homozygotes. The Prediction Error Variation (PEM3jng model-1 was 0.073. Figure 1
gives the PEV of the 48 SNPs. Performance of ortkeofarkers was particularly poor and
this marker was removed from the results in Tablglddel-1 performed better than the base
model with PEV reducing from 0.119 to 0.070. Mod8ekesulted in a further small reduction
to 0.061.

Tablel. Model statisticsfor the prediction

Prediction Error Variation, model 1 of allele frequencies from signal intensities
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Figure 1: Theprediction error variation for each of the
48 markers, predicting the frequency of allele-1

The QTMP method was used to estimate the contabsitof the two animals that made up
the pool based on the allele frequencies of thmd#gkers in the 49 DNA pools. The use of
one marker already results in an estimate as wedmal with two contributing individuals.
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Figure 2: Estimates of the contribution
of individual 1 using one marker (the
best one) up to all 48 markers.
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Figure 3: Est. of the contribution of
ind. 1 using only one marker for the
mar ker swith maximum contr ast
between contributing individuals



For each pool we have two contributing individuads specific marker has no power to

estimate contributions if both individuals have tk@me genotype. The power is at a
maximum if the two individuals have the 11 and Zhatype. The power is higher if the

PEV of the marker is low (see Fig.1). Fig. 2 shakes contribution estimates as we increase
the number of markers from one to using all 48. &awh pool we start with all markers with

allele frequency contrast of 1.0 and within thadugr starting with the marker with lowest

PEV. Fig.3 shows the contribution estimates basedusing only one marker, for those

markers per pool with maximum contrast. We seeidenable variation in estimates based
on using only one marker, but as the number of erarkised in the QTMP procedure

increases, the estimates of individual contribigistabilize. Individual SNP results can be
used to eliminate the poorest performing ones frtva panel. In several pools, the

contribution estimates deviate significantly fronet0.50 that could be expected. Given the
consistent results across a large number of inadlpgrmarkers, the most likely explanation
is that the NanoDrop measurement of DNA conceminatvas not accurate enough to

guarantee 50/50 contributions. The DNA concentrgtiare now being re-estimates using
the more accurate PicoGreen procedure. Resultb&iiresented at the conference.

The QTMP technology can be used in several argasefeeral traits, including: a) mating
design, b) fertilization rate, hatch% and earlywaal, c) performance testing, d) challenge
experiments, e) estimation of competitive/ socféats and f) end product sampling. The
technology allows mixing genetic groups withoutgiag but with collection of information
on the individual genetic groups. There are no vagght/size restrictions. The earliest
opportunity to mix is at the gamete stage if thdenzand female gametes can be collected as
is for instance the case with Salmon. The issudis peérformance testing have to do with
tagging and rearing environment. With physical taggtags are inserted for individual or
family identification. Tank effects can be avoidedtesting all tagged individuals in one big
tank. The problem is that a lot of animals neetiddagged (or small scale testing) and that
testing can only start after reaching the age/weatjvhich the animals can be tagged. With
‘traditional’ DNA tagging (walk back selection) aiidividuals can also be tested in one big
tank. The heaviest individuals are selected aetitkof the test and the family they belong to
is determined by genotyping for a number of markdiss system allows selection for
growth but not for survival, unless we sort out fagentage for all surviving individuals. If
families are tested in individual family tanks, ta@ging is required. The main problem then
is the confounding of true family effects and timieonmental tank effects. QTMP provides
an alternative to physical tagging. Several familige tested in one tank without tagging.
For disease challenge tests, the same approadieassed as for performance testing.

Conclusion

The quality and number of markers can be managedlier to increase the power of the
QTMP technology.
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