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Introduction Discussion

Haplotype inference (see Figure 1 for an example) based Correctness (%)
on unphased SNP (single nucleotide polymorphism) ®
markers is an important task in population genetics.

In the case of homozygous genotypes, like maize or many -
other inbreeding crop species, haplotypes can be directly
drawn from comparing the amplified genomic sequence at
a given locus between different individuals. Difficulties
arise iIf homozygous genotypes are not available, as for o
example in non-inbred, tetraploid potato (Solanum

Using a parsimonious principle, a Java based program,

named SATlotyper, was developed in this study which

formulates the “Haplotype Inference by Pure Parsimony”

(HIPP) for heterozygous polyploid species using the SAT
——wmethod 1 | gpproach.

=l Nethod 2

=wenoas | DATIOtyper is able to handle missing SNP information by
—~~wvendd | dropping constraints for such positions so that no unjustified
assumptions about nucleotide frequencies have to be

o . made. For a given data set of unphased genotypes, by
i‘ﬁbehroslu/:[n). In hsuchfcases, |;c1 1S r(\jegle\lsse:jry to determine o | . | | | | | | | means of SATIotyper, it is possible to infere the data by four
Theereap Zr}épestzigl r(;rgpliggcr?: o in fjﬁa' haplotypes o 1 2 3 4 5 6 7 8 8 10 different methods with increasing accuracy (Figure 2).

Noise (%) In this study, the SATlotyper was tested and evaluated with
However, these approaches have been developed for bi- y yP

loli 4 dibloid _ 4 th . X Figure 2 - Comparison of four types of SATlotyper analyses using gimulated and experimental data sets of unphased SNPs
imulated dat ts For 10 tetraploid, bi-alleli |ati ith 100 T : :
allclic and - dIpioid Species ~and nere 15— CUITently "no — simuiated cala seis For 19 18 rapoid oo Popuaions from tetraploid individuals (Figure 2 and Figure 3). The

: : = : : individuals each, haplotypes comprising 6 SNPs were simulated. 0-10% noise _ _ _
software available for hapIOtype identification in more was added to the data. Unphased simulated data sets were analysed with results obtained when applylng Method 4 (Flgure 2) suggest

complex autotetraploids. SATlotyper using 4 different methods: 1) first inference without optimisation; 2)  that for some purposes, it could be sufficient to simply score

In this study, we aimed at the development and evaluation alternative haplotype inferences scored by bootstrapping, selection of the best . _ _ _ _
y . P . . scored: 3) alternative haplotype inferences scored by bootstrapping, further ~ the explaining haplotypes with their frequencies in the
of a generalised approach for calculating haplotypes in

voloid ) _ h _ _ il Th optimisation of genotype inference; 4) first haplotype inference with phased genotypes for optimising genotype inference. This
timisation of type inf . Based on the H ing dist bet , : : :
polyplold Species Using he parsimonious principle. - The - optimisation of genolype inierence. Based on the Hamming distance between ——q yjte time-consuming bootstrapping. SATlotyper was also

: : - predicted and original simulated genotype inferences, the correctness was _ _
goal of hapIOtype inference is to find a set of hapIOtypeS calculated, normalised and plotted against the noise. Every data point applled to an experlmental data set of 12 unphased SNP

explaining every genotype present in a given unphased represents the mean value of 10 populations for the respective value of noise. markers, which were scored by sequencing the amplicons
population. The parsimonious principle consists of finding of a 500 bp-region at potato locus BA213c14t7. The

the smallest set of haplotypes such that each genotype in performance of the approach was much higher on this data

j ' ' Ifi 139 143 152 157 178 :
the gopu'i:al‘i:lori tcan t')["e e):iﬁ)lalnetd fti?]y |a thOIdy SpeCIfIC EiI'TA G TTAGTATG T ACCA T GTAAATTTATGTCACGGCAA G ACAGC than on SImUIated data'
NUMBEr OT NApIOtypes Trom e Set oT aplotypes. Al (A A G A In addition to performance, the quality of the prediction was
214 .
1. fad tested on a subset of 19 heterozygous experimentally
AATAAGCGGAATATA CTATTGAATGAATAA GTG ACATTACGATATCC . . .. . . .
T c verified individuals. This first comparison between
Results 236 244 253 23214 | computed and experimental verified haplotypes gave
AAA|T | TAATAGE | ITGAGTTCC || ACATGTACTITATGTGCAA 16 1|1 promising results: 9 of the 10 experimental haplotypes were
Here we present the generalisation of the SAT (Boolean _ also identified by SATlotyper prediction (Figure 3). With
. L L . Computed | AGTTGCCCCTGT AGTTGCCCCTGT Experimental ]
satisfyability problem of propositional logic) approach from haplotypes | SGTTGCCCCTGT | GGTTGCCCCTGT | haplotypes respect to the phased genotypes, the SATlotyper analysis
Lynce et al. resulting in the development of the SATlotyper GGTTGCACTCTA GGTTGCACTCTA achieved a correctness of at least 90% (for 80% of the
GGTTGTACTCTA GGTTGTACTCTA . . . . .
software tool which is able to handle polyploid and poly- GGATGCACTCTA GGATGCACTCTA iIndividuals) compared to the experimental result (Figure 4).
] . GGATGCCTCTGA GGATGCCTCTGA
allelic data. The program is able to exclude already found GGATGCCCCTGA  GGATGCCCCTGA
) . . GGTTGCCCCTGA GGTTGCCCCTGA
iInferences, such that alternative inferences can be GGTTGCACTCGA AGTTGCACTCTA
calculated. As it is not known which of the multiple GGATGTCCCCTA

inferences are best Supported by the given unphased data Figure 3 - Comparison of computational and experimental haplotypes for

: potato locus BA213c14t7 Sequence of the potato locus BA213c14t/7. The _
set, _We S _bOO_tStrappmg pr_ocedure that allows for evaluated SNP positions are indicated by boxes. For a sub-population of 19 CO"CIUSIO“
scoring alternative inferences. Finally, by means of the individuals, haplotype sequences were identified computationally using

bootstrapping scores |t iS pcssible to Optimise the phased Method 2 and experimentally by amplicon cloning and sequencing. The 9

genotypes belonging to a given haplotype inference. haplotpyes identified by both methods are displayed in red. The study demonstrates that HIPP can efficiently be solved

The program was evaluated with simulated (Figure 2) and by the SAT approach for data sets of unphased SNPs from
experimental (Figure 3) SNP data generated in Correctness (%) heterozygous polyploids. This outcome is encouraging for
heterozygous tetraploid populations of potato. We showed 10- the future application and further development of
with simulated data that, instead of taking the first ] SATlotyper. Existing or newly generated unphased SNP
inference as reported by the program, the quality of the data can be analysed by SATlotyper to infer haplotypes.
final result can be significantly improved by the application . Haplotype information can be used instead of individual
of additional methods that include scoring of the so- SNPs in association mapping that exploits the biodiversity in
alternative haplotype inferences and genotype “°° existing cultivars and breeding lines. Compared with
optimisation. For a population of 19 individuals, the _ - methods based on individual SNPs, the haplotype mapping
predicted results, computed by SAT|otyper, were directly . method Significantly improves the power and robustness of
compared to results obtained by experimental haplotyping o8 B H H & § & & & & & & & ¥ & & ® & | association mapping techniques as there are fewer
. . . - °' 3 2 8 ¥ 2 5 82 2 %3888 2 28 8 - -
via sequencing of cloned amplicons. Prediction and 2 ® 383 838 % 86 a8 58 s s 33 s haplotypes than SNPs. SATlotyper is freeware and is

experiment gave similar results regarding the inferred Figure 4 - Correctness of computed phased genotypes compared to the  distributed as a Java JAR file. The program will be available

: ; experimental result 100% is equivalent to the experimentally determined for download via the SATlotvoer proiect paage of GabiPD
hapIOtypeS and phased genOtypeS (Flgure 3 and Flgure phased genotype. The correctness was calculated based on the Hamming yP Proj Pag ’

4)- distance between experimental and computational phased genotype. The GABI Primary Database.
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Figure 1: An example of three potato individuals (A, B and C) where C is not resistant against a disease (left). In this example, the responsible locus is biallelic and contains two
SNPs (middle and right). If SNPs are analyzed independently from each other, all possible predictable phenotypes do not fit reality (middle). In contrast, if the correct haplotype Haplotype #3
composition is known, only haplotype #3 (“AC”) can explain the observed phenotypes correctly (right).
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