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Abstract
Knowledge of the parental origin of crop species is a prerequisite for formulating 
effective strategies for genetic conservation, management, and utilisation of geno-
types in breeding programmes and genetic studies. In the case of the potato, although 
pedigree information is well documented, the possible lack of accurate pedigree data 
for certain cultivars constitutes a loss of opportunity to exploit the selection gain, 
the precise targeting of a market niche, or other breeding objectives. In this study, 
the genetic profiles of 1249 varieties were examined using a set of 35 polymorphic 
simple sequence repeats (SSR) markers with the available pedigree information to 
achieve pedigree validation. The maximum likelihood (LOD) was used to validate 
pedigree information of potato accessions for which the genetic data of at least one 
parent was available in the dataset. Our results showed that among the accessions 
for which both parents were genotyped, 81.7% presented a validated pedigree, while 
18.3% presented a pedigree conflict (for at least one parent). Among the accessions 
for which only one parent was available in the dataset, 91.3% presented a validated 
pedigree, while 8.7% presented a pedigree conflict. Then, pedigree reconstruction 
was investigated to determine the most likely parent candidates for varieties whose 
pedigree is either questionable or lacking information.
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Introduction

Data on the parental origin of crop varieties provide a wealth of information on 
breeding choices, enabling breeders to make informed decisions regarding exist-
ing divergences in progeny, hybrid vigour, and effects of inbreeding depression 
(Tarn et  al. 1992). As demonstrated in the cultivated potato, reliable pedigree 
information is helpful to estimate breeding values (Slater et al. 2014), to improve 
genetic gains for low heritability traits (Slater et  al. 2016; Sood et  al. 2020), 
and to track the inheritance of disease resistance alleles (Song et al. 2005; Song 
and Schwarzfischer 2008). This is also relevant for genetic relationship studies 
(Demeke et  al. 1996; Isenegger et  al. 2001), given that close clustering of full-
sibs and half-sibs is an indication of a strong connection between estimated rela-
tionships and known pedigrees (Hosaka et  al. 1994). Knowledge about parental 
information is likewise an essential key to classify recombinant and parental gen-
otypes for linkage analysis (Luo et al. 2000), to achieve appropriate association 
mapping (Malosetti et  al. 2007; Baldwin et al. 2011), to decipher genome-wide 
conserved patterns in elite parental lines (Li et  al. 2018), and to determine the 
accuracy of genome-wide prediction (Endelman et  al. 2018). Information about 
parents may also be useful to understand the differential interactions between 
potato genotypes and their pathogens (van Berloo et al. 2007).

A large amount of pedigree information on potato varieties is nowadays available 
on a web database (van Berloo et al. 2007). Although this is continually updated, ped-
igree data are missing for some accessions (i.e. orphans or unavailable information). 
Diverse sources of pedigree data may sometimes cause conflicting parental composi-
tions or refer to identical varieties under different names. However, the orphan varie-
ties could present unsuspected genetic resources that could be exploited in breeding 
programmes. Likewise, incorrect information about pedigree information can lead to 
unsuccessful results in field breeding trials. Thus, the lack of accurate pedigree data 
for many cultivars constitutes a loss of opportunity to exploit the precise targeting of 
a market niche or other breeding objectives. Given the major socio-economic and sus-
tainability challenges facing agri-food systems, this is an important shortfall.

Thereby, there is a crucial need for reliable genetic tools in the confirma-
tion of existing pedigree data and in the reconstruction of unknown or incorrect 
pedigree. Although molecular markers have been widely used for the analysis of 
parentage in natural populations (Jones and Ardren 2003) and to detect pedigree 
errors in breeding programmes (Visscher et  al. 2002; Muñoz et  al. 2014), few 
genetic studies (Douches et  al. 1991; Endelman et al. 2017) attempted to eluci-
date this issue in the cultivated potato. In our previous study (Spanoghe et  al. 
2015), we investigated several approaches to both validate pedigree information 
and to infer parent candidates to orphan varieties using SSR data profiles. Our 
data showed that the simple exclusion method based on the comparison of indi-
vidual SSR alleles between offspring and the assumed parents has proven to be 
complicated to implement due to the time required and known limitations. On the 
other hand, the maximum-likelihood method (LOD) was easier to implement and 
particularly useful to determine the most likely parent candidate(s) of any variety. 
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The objective of this study is to apply this inferential approach using a large 
amount of SSR marker data, with the aim of validating pedigree potato acces-
sions in the dataset and of proposing parent candidate(s) for those whose pedigree 
information is either unknown, uncertain, or incorrect.

Materials and Methods

Genotype data were consolidated from a previous project (Spanoghe et al. 2022), which 
included 1249 distinct potato accessions, originating from different spatio-temporal 
groups, genotyped using 35 highly informative SSR markers. Pedigree information and 
date of release (between pre-1800 and 2021) were both registered for each accession in 
accordance with breeder records, the online pedigree database (van Berloo et al. 2007), 
and variety release publications. Accessions not fulfilling these two pieces of informa-
tion were classified as orphans. An overview of the accession’s background is available 
in the supplementary materials (Table S1).

The inferential maximum-likelihood method, as introduced by Meagher (1986) and 
previously investigated in the cultivated potato (Spanoghe et  al. 2015), was used on 
the entire data set (n = 1249). Formally, the method involved calculating a logarithm of 
the likelihood ratio (LOD) to compare the likelihood of different relationships for each 
possible parent, which provided either a null, positive, or negative likelihood parental 
score (LOD score) (Meagher and Thompson 1986). Due to the polysomic inheritance 
of the potato and consequently to the constraints of the specific locus dosage during the 
scoring of polymorphic fragments, we used the likelihood ratio statistics developed to 
analyse dominant markers (Gerber et al. 2000). For each of the 1249 accessions, paren-
tal assignment was performed on a ranking of the most probable varieties according to 
decreasing LOD scores. The formulas of the likelihood ratio were written in PHP lan-
guage (see supplementary material file 1 for details) to automate the process for each 
parent/offspring combination. The pedigree validation procedure was then carried out 
for varieties whose genetic data of at least one parent was available in the dataset. The 
pedigree was validated when one or both parent(s) were found in the top 5 of the rank-
ing (out of 1249); otherwise, a “pedigree conflict” was declared and a pedigree recon-
struction was investigated. To increase the probability of ranking the true parent(s) in 
the top position, full sibs were removed from the ranking because of the interfering 
effects of family structure on the assignment (Jones and Ardren 2003). Moreover, only 
candidate parents created before the hybrid were displayed in the parental ranking. In 
addition, additive relationship coefficient, denoted by A, was computed from the pedi-
gree by the tabular method (Henderson 1976) using the nadiv package in R software 
(Wolak 2012) (The script is provided in a supplementary file 2).

Results

The maximum-likelihood method was conducted on the entire data set to determine 
the most likely parent candidates for each accession (Table S2). The frequency dis-
tribution of all parent/offspring combinations followed a Gaussian curve where the 
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mean estimated LOD score was close to 0. The LOD scores ranged from a minimum 
of − 44 to a maximum of + 75. Parental ranking was first examined among acces-
sions for which both parents were available in the dataset. Of the 1249 assessments, 
251 parent–offspring trios (two parents and one offspring) in the dataset answered to 
this criterion (20.1%). Pedigree records were validated for 205 trios (81.7%), while 
for the remaining 46 trios (18.3%), a “pedigree conflict” was declared. Among the 
pedigree conflicts, 78.3% consisted of only one parent absent from the top 5 rank-
ing (pedigree conflict type 1), while 21.7% consisted of the case where neither of 
the parents appeared in the top 5 ranking (pedigree conflict type 2). All the out-
come scenarios were summarised in Fig. 1. Table 1 shows three examples of out-
come scenarios. Details of all the results are available in the supplementary material 
(Table S3). Then, parental ranking was examined among accessions for which only 
one parent was available in the dataset. Of the 1249 assessments, 530 single-paren-
tal records answered this criterion (42.4%). Pedigree record was validated for 486 
single-parental records (91.7%), while for the remaining 44 assessments (8.3%), a 
“pedigree conflict” was declared. All the outcome scenarios were summarised in 
Fig. 1. Table 2 shows two examples of outcome scenarios. Details of all the results 
are available in the supplementary material (Table  S4). In total, mistakes on the 
male side are as frequent (50.6%) as mistakes on the female side (49.4%). To recon-
struct the pedigree in case of non-validated assessment or lacking information, the 
highest ranked individuals were proposed as the most plausible parents if the true 
parents were in the dataset.

To investigate this matter further, the LOD score assessed between all other indi-
viduals in the dataset was plotted against the additive relationship coefficient (A) 
calculated from the pedigree, according to an adapted methodology of Endelman 
et al. (2017). For an individual without pedigree errors, any offspring should be in 
the top right corner of the figure with an additive relationship of 1 and the parents in 
the top centre corner with an additive relationship of 0.5 (in the absence of inbreed-
ing) and high LOD score based on the markers. Figure 2 shows such a plot for clone 
KOMEET, which is a breeding line with recorded parentage EIGENHEIMER x 

Fig. 1  Schematic view of the outcome scenarios and the results obtained during the pedigree validation 
procedure
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FURORE. The four recorded grandparents for KOMEET are BLAUE RIESSEN, 
FRANSEN, RODE STAR, and ALPHA, which are plotted at A = 0.25 and are more 
distant than the parents based on LOD score. Varieties with high LOD score but 
low additive relationship, such as PINK FIR APPLE and ROSA (i.e. GAUMAISE 
is a self-fertilisation of Rosa), constitute orphan varieties having an unexpected par-
entage with KOMEET. When there is no pedigree error, as in this case, the overall 
appearance is a cloud of points with positive slope, stretching from unrelated indi-
viduals at A = 0 to the parents. ORION, an offspring of KOMEET, is displayed at 
an additive relationship of 0.5, while half siblings of KOMEET are displayed at an 
additive relationship of 0.25.

Figure 3a shows the plot for DITTA, which presented a pedigree conflict of type 
1, with its recorded parentage BINTJE x QUARTA. The recorded female par-
ent QUARTA is in the top centre of the figure with an additive relationship of 0.5 as 
expected, and recorded progenies of QUARTA with an additive relationship of 0.25. 
However, the recorded male parent BINTJE is too genetically distant (LOD score =  − 4) 
to be the true parent. One explanation is that the genotype for BINTJE is incorrect, 
but this was excluded because the pedigree of BINTJE was indeed validated during 
the previous step of pedigree validation. NICOLA, presenting the highest LOD score 
(26), seems to be the true parent (Fig. 3b). MISS ANDES and MISS MIGNONNE are 
thus full-sibs of DITTA. When using the simple exclusion method to support this state-
ment, six segregation mismatches were found between the alleged parents BINTJE x 
QUARTA and their offspring DITTA, whereas no segregation mismatches were found 
between the reconstructed parents NICOLA x QUARTA and DITTA (Table S5).

Fig. 2  Population-wide comparison of the LOD calculated from markers with the additive relation-
ship calculated from pedigree records, for KOMEET with the recorded pedigree (EIGENHEIMER x 
FURORE). KOMEET’s offspring (i.e. ORION) is displayed closely at A = 0.5. For legibility, affiliation of 
KOMEET is displayed in red
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Discussion

Validation and reconstruction of pedigrees are necessary for enhanced breeding pro-
grammes and genetic studies. Such information facilitates the estimation of reliable 
heritability, the maximisation of genetic gain, and the design of an effective breed-
ing programme. It also ascertains the genetic identity of mislabelled genotypes used 
in breeding programmes.

In this study, we noted a high proportion of correct pedigree based on both the 
available information and the presence of hybrid and the parent(s) in the data-
set, which means that the tested individual is mostly the expected one. However, a 

Fig. 3  LOD vs. additive relationship for DITTA with a the recorded pedigree (BINTJE x QUARTA), b 
based on the hypothesis that NICOLA is the male parent of DITTA. For legibility, affiliation of DITTA is 
displayed in red
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non-negligible proportion of genotypes did not meet these achievements, question-
ing the authenticity of the variety (i.e. referring to our DNA isolates). We thus faced 
genotypes that were not the expected progeny of the alleged parents (and vice versa), 
resulting in erroneous pedigree information. This concerns the assessments carried 
out both on biparental individuals with pedigree conflict of type 2 and on single-par-
ent individuals with pedigree conflict of type 1. Unintentional errors in pollination, 
seed harvest, or labelling as well as an accidental mixing in the breeder’s collection 
can all generate such pedigree conflicts. Despite all the precautions taken, sampling, 
genotyping, or handling errors could also explain such outcomes. The ten cases where 
both parents are conflicting can support the assumption that the authenticity progeny 
is doubtful. It is the same for the forty-four cases where one parent is conflicting. In 
this case, new DNA isolates from an examination office that performed the DUS test 
are to be expected. This would allow the error to be attributed to this work or to prior 
work. Regarding the evaluations carried out on biparental individuals with pedigree 
conflict of type 1, we cannot establish the same interpretations as below since the 
individual tested may be the one expected because one of the parents is confirmed. 
However, the full pedigree should be taken with caution as the other parent has not 
been confirmed yet. The conflict detected in DITTA’s parentage points to the possi-
bility of an erroneous genotype for the conflicting parent, BINTJE, which is ruled out 
due to the validation of BINTJE’s pedigree in a previous step. Indeed, the validation 
of BINTJE as a parent was successful for CLIMAX, ROSVA, EUREKA, and SPAR-
TAAN. However, a pedigree conflict has been detected for one of BINTJE’s two sup-
posed parents, MUNSTERSEN, which has a LOD score of − 12. A new DNA isolate 
from this conflicting parent should be retested.

Although the LOD method gave high results in the ranking criterion, the 
chance of finding the putative parent in the first position is recurrent but not 
always achieved. If the position of a parent candidate is not in the top 5 of the 
ranking, it is not considered as the true parent. It is assumed that the ranking of 
the top 5 is an arbitrary threshold above which all the parents were found for the 
exact pedigrees and below which the parents are too far apart in the ranking to be 
exact. This principle therefore makes the method very robust. Nevertheless, the 
presence of siblings that may be either genetically close to the analysed variety or 
to the inferred parent explains the poorer performance in the ranking. They were 
thus considered as interfering candidates. Indeed, the presence of other family 
members in the pool of parent candidates poses a serious challenge to parentage 
assessment since it may disrupt the parental ranking (Jones and Ardren 2003). 
Another aspect of the ranking examination revealed a less efficient ranking for 
many breeds that have a parent widely used in breeding such as Agria, Desiree, 
Early Rose, Nicola, and Katahdin. Consequently, their breeds tended to cluster 
together, also disrupting the ranking. By removing from the ranking the siblings 
and the varieties created after the one under study, the ranking score was greatly 
improved so that the probability of finding this putative parent in the first five of 
the ranking was systematic, in the event of a correct pedigree.

Some erroneous tests were found from the analyses of pedigree validation, and 
new parent(s) from our dataset was proposed. This parent reconstruction step can 
be especially useful when the real parent is in the dataset. However, reconstructed 



218 Potato Research (2024) 67:209–220

1 3

parent(s) may not necessarily be suitable candidates because the dataset may not 
contain the true parent(s). Moreover, the plausibility of the proposed parents 
must satisfy several conditions, such as (1) the parent could have been available 
to the breeder of the descendant variety; (2) the parents are known to be fertile. 
Otherwise, these proposals should be used with caution, although the proposed 
candidate is certainly more plausible than the rejected one. However, we noted a 
logical tendency for closely related candidates (e.g. siblings) to cluster in the pro-
posed parent(s), which complicates the identification of the true parent(s). If the 
proposed parent is not in the dataset, we can hypothesise that it remains close to 
the real parent. For these cases, a re-examination is to be proposed to validate or 
invalidate the proposed candidates, for example by means of more sophisticated 
technology (Endelman et al. 2017).

In conclusion, the LOD method constitutes a powerful tool for assigning par-
ents, especially if known sibling examination is performed in complement. This 
step allowed increasing the probability to rank the true parent in the first posi-
tion by rejecting interfering candidates. The few pedigree conflicts observed were 
met when the genetic fingerprint of the tested individuals was different from that 
which was expected. This leads to an error in the publication of the new variety’s 
pedigree, to erroneous origins, and failures reflected in the scheme of varietal 
selection. The implementation of such a practice could have considerable impacts 
on the field and on the market, in terms of precision, savings, and time.

Supplementary Information The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s11540- 023- 09632-w.
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