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I ntroduction

The advent of next-generation sequencing will {jkegévolutionize the field of animal
genetics and genomics. Today, technologies sudhuasina’s Genome Analyzer (Bennett
2004), Roche’s 454 (Margulies et al. 2005), Helidbilos et al. 2008) and Pacific
Biosciences’ real-time sequencing (Eid et al. 208w the generation of large volumes of
sequencing data in a fast, accurate and inexpensiye

One of the fields where these technologies haven lvéidely applied is SNP discovery.
Studies performed in several species of domestimals led to the identification of
thousands of SNPs and to the development of highigeSNP genotyping beadchips.
Several DNA-based methods have also been investiglir their potential use in the
identification of animals at different levels, fromdividuals, to breeds and species. Next-
generation sequencing technologies now offer negvwarprecedented possibilities for the
development of tools that will enhance the progiashe application of DNA tests for the
traceability of animals and animal products.

The objectives of this study were to develop spe8NPs in five pig breeds sequenced with
Illumina’s Genome Analyzer and investigate theilitytfor breed assignment purposes.

Material and methods

Animals and DNA samples. Porcine DNA was collected in five pig breeds, nmi2uroc
(DU), Landrace (LR), Large White (LW), Pietrain JRInd Wild Boar (WB). For all breeds,
the samples were as representative as possilbheiofitorldwide distribution. A total of 153
animals were used, including 32, 27, 35, 22 andaples collected in DU, LR, LW, PI and
WB, respectively. DNA pools were formed for eaclednt and contained equal amount of
DNA from all the individuals sampled. Besides thénzals used for sequencing additional
individuals were gathered and genotyped with theciBeSNP60 beadchip (Ramos et al.
2009). The number of additional samples was 57178, 82 and 167 for DU, LR, LW, PI
and WB, respectively, for a total of 490 samples.

Sequencing, SNP detection and filtering. The DNA pools were digested with three
restriction enzymesAul, Haelll and Mspl) and sequenced to a length of 36 nucleotides on a
1G Genome Analyzer (GA). The criteria used to ffittee GA reads included the presence or
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absence of each restriction enzyme motif, the psef poly-A,C,G,T regions, the average
quality score for each read (minimum thresholdaseit?) and the number of times each read
was detected (all reads present in excess of iiimestthe sequence depth were removed).
Each of the reads that passed these criteria vimseguently labeled with a unique identifier
that included breed information.

The reads were aligned with MAQ (Li et al. 2008Buaild 7 of the pig genome. SNPs were
filtered for several quality criteria that includedAQ mapping quality parameters, the
number of reads for the minor allele and the tatahber of reads. SNPs were labeled as
breed specific when an allele was present in ortbeofive breeds, but not in the other four.
Validation of breed specific SNPs. The 153 samples used for sequencing, as wellaas th
additional 490 samples, were genotyped with theiReENP60 beadchip. A total of 4,441
SNPs identified as breed specific at the bioinfdicsaevel were included in the Beadchip,
which allowed validation of this subset of SNPs dpgmparing the alleles detected with
sequencing with the alleles present after genotyflie same DNA samples.

Breed assignment tests. The assignment tests were performed using the segBenced
individuals as reference populations to which tlditonal 490 animals were assigned. The
genotypes used were derived from the set of SN&tshdd confirmed breed specificity after
checking the genotypes obtained with the Porciné@NBeadchip. The assignment tests
were conducted using the methods implemented irstifievare packages GENECLASS2
(Piry et al., 2004), which included the frequen@séd method of Paetkau and colleagues
(1995) and the Bayesian based methods of Ranndiéoéntain (1997) and Baudouin &
Lebrun (2001), and also the Bayesian method imphéeaein Structure 2.3.1 (Pritchard et al.
2000). The performance of each assignment testewalsiated by analyzing the number of
animals assigned to the wrong breed, the spegifidefined as the number of animals
correctly assigned) and the average probabilitigassent score.

Results and discussion

SNP discovery. The total number of unfiltered SNPs was 9,048,@88,most were not real
SNPs because MAQ reports as a SNP all variatioectiet in the GA reads and between
them and the reference genome. After filtering the output a total of 313,964 SNPs
remained in the dataset, which was then analyzethéopresence of breed specific SNPs. At
the bioinformatics level, a total of 29, 146 SNR=evidentified as breed specific.

Validation of breed specific SNPs. From the set of breed specific SNPs detected eat th
bioinformatics level, a total of 4,441 had beerluided in the PorcineSNP60 beadchip, even
though breed specificity was not considered astarier in the selection of which SNPs to
include on the beadchip. Hence, only approximalé$o of the breed specific SNPs were
available for validation. This number was furtheectkased because 467 SNPs had
nonworking assays and 229 SNPs displayed no wamiatvhen their genotypes were
analyzed. In the end, a total of 3,745 SNPs weglable to proceed with the validation
process. This information is summarized in Table 1.

A total of 3,552 SNPs did not confirm breed spedifibecause at least one of the other four
breeds had displayed the supposedly specific aNgke further investigated the number of
breeds that were causing each SNP to lose itsfijitgcfTable 1). The number of SNPs that
failed to pass the breed specificity test becalmsetor four breeds also contained the allele
thought to be specific was 2,738, which accounted a@pproximately 77% of the total



number. This indicated that the sequencing stratmipgpted was unable to detect these
variants, since they were present in those bre€ds was not surprising because the
strategy had originally been designed to identiyPS with high minor allele frequency
across breeds. In the future, studies targetingdntification of breed specific SNPs should
prioritize sequencing at greater read depths, whithfacilitate the discovery of the rarer
breed specific variants.

Table 1: Validation of breed specific SNPs

SNPsincluded in the Beadchip 4,441
Nonworking SNP assays 467
M onomor phic SNPs 229
One breed 365
Number of failed breed Two breeds 449
specific SNPs Threebreeds 809
Four breeds 1,929
Total 3,552
Duroc 99
Landrace 16
Number of validated Large White 24
breed specific SNPs Pietrain 19
Wild Boar 35
Total 193

Despite the limitations of the sequencing strategigtal of 193 SNPs were confirmed to be
breed specific after their genotypes were analyZéd. breed which presented the highest
number of specific SNPs was Duroc, with 99 SNPHovieed by Wild Boar, Large White,
Pietrain and Landrace (Table 1). The average frguet which the specific allele was
found was highest in Duroc (0.478) followed by Rigt, Landrace, Wild Boar and Large
White, that displayed frequencies of 0.381, 0.2Z887 and 0.19, respectively. Even though
the validation rate of the breed specific SNPs las our study showed that next generation
sequencing technologies allow unprecedented paweaetect the unique features that define
the genetic architecture of porcine breeds.

Assignment tests. The results of the assignment tests performedyusia set of validated
breed specific SNPs are indicated in Table 2. A# methods tested for assigning the
additional 490 individuals to their breeds of onigierformed extremely well. A total of 486
animals were correctly assigned to their breedsrigin. The four individuals assigned to a
wrong breed derived from the Landrace (3) and Laktpite (1) breeds. These results were
identical for the four assignment methods usedcéehe specificity for all methods was
99.2%. The values for the average probability sfgaement were extremely high and ranged
from 99.2% to 99.9% for the Pritchard et al. (20@®)d Rannala & Mountain (1997)
methods, respectively. These results clearly inditthe usefulness of using the set of breed
specific SNPs in the assignment of individualsheirt original breeds. The application of
this type of markers will allow the molecular trabdity of several animal products awarded
with the PGI/PDO labels that require the use dhgls breed in their production.



Conclusion

This study provides a blueprint on how next genenasequencing technologies can be
utilized in the identification of breed specific BBl The results presented clearly indicate
that the set of breed specific SNPs displayed végh power for breed assignment. The
number of correct allocations surpassed 99% foasdignment methods tested and, thus,
may be a powerful tool in the traceability of animpeoducts to their breeds of origin.

Table 2: Performance of the breed assgnment methods tested

Method Duroc Landrace Lar_ge Pietrain wild Overall
white Boar

Rannala Incorrect® 0 3 1 0 0 4
& Specificity 1 0.959 0.991 1 1 0.992
Mountain  Av. Prab. 1 0.997 0.999 1 0.999 0.999

Baudouin Incorrect 0 3 1 0 0 4
& Specificity 1 0.959 0.991 1 1 0.992
Lebrun Av. Praob. 1 0.99 0.999 1 0.997 0.997

Pactkau Inco_rre_ct 0 3 1 0 0 4
o al Specificity 1 0.959 0.991 1 1 0.992
) Av. Prob. 1 0.982 0.999 1 0.999 0.996

Pritchard '”Co.ffe_c" 0 3 1 0 0 4
ot al Specificity 1 0.959 0.991 1 1 0.992
) Av. Praob. 1 0.976 0.994 0.999 0.992 0.992

§ Incorrect refers to the number of individualsigrssd to the wrong breed

References
Paetkau, D., Calvert, W., Stirling,ét al. (1995).Mol. Ecoal. 4(3): 347-354.
Rannala, B., and Mountain, J.L. (199P)oc. Natl. Acad. Sci. USA 94(17): 9197-9201.
Pritchard, J.K., Stephens, M., and Donnelly, PO®0Genetics 155(2): 945-959.
Baudouin, L., and Lebrun, P. (200Proc. Int. Symp. Molecular Markers 546: 81-94.
Bennett, S. (2004Pharmacogenomics 5(4): 433-438.
Piry, S., Alapetite, A., Cornuet, J.Mt al. (2004).J. Hered. 95(6): 536-539.
Margulies, M., Egholm, M., Altman, W.Et al. (2005).Nature 437(7057): 376-380.
Li, H., Ruan, J., and Durbin, R. (200&enome Res. 18(11): 1851-1858.
Milos, P. (2008)Pharmacogenomics 9(4): 477-480.
Eid, J., Fehr, A., Gray, &t al. (2009).Science 323(5910): 133-138.
Ramos, A.M., Crooijmans, R.P., Affara, N.&.al. (2009).PLoS One 4(8): €6524.



