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Abstract
The curation and preservation of Dutch apple germplasm depends on reliable accession level information. However, many 
accessions of Dutch heirloom apple cultivars maintained publicly by the “Centre for Genetic Resources, the Netherlands” 
(CGN) and privately by Dutch pomological societies lack information regarding true-to-typeness and pedigree ancestry. 
The aim of this study was to address this knowledge gap by genotyping 652 apple accessions maintained in the CGN col-
lection and Dutch private collections, compare their genotypic information to each other and to a large database of apple 
cultivars from around the world to identify genotypic duplicates and pedigree relationships for the Dutch apple cultivars. 
Towards this aim, accessions were genotyped on the 20 K Illumina Infinium(R) apple SNP array and with 15 SSR markers. 
Each accession was assigned to a genotypic profile code (MUNQ codes, as used in previous studies) facilitating commu-
nication regarding genotypic duplicates. There were 211 (51.1%) genotypic profiles in the Dutch germplasm which were 
not identified in other germplasm collections. Private collections maintained many of these unique accessions, including 
important pedigree ancestors. The study identified a number of common pedigree ancestors of Dutch cultivars, such as 
‘Herfst Bloem Soete’, ‘Huismanszoet’ (2), and ‘Reinette Rouge Étoilée’. The duplicate and pedigree reconstruction results 
and relevant literature descriptions were used to pomologically verify the identity of relevant accessions. The results of this 
study resolved identity disputes, helped to decide which accessions should be retained or included in the CGN collection, 
and benefited ongoing pomological studies in ancestry and provenance of traditional Dutch cultivars.
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SNP genotyping Dutch heritage apple cultivars allows for germplasm 
characterization, curation, and pedigree reconstruction using 
genotypic data from multiple collection sites across the world
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Introduction

Apples (Malus domestica Borkh.) have been an important 
and celebrated part of the culture in areas where they have 
been grown since times immemorial. In the past, each apple 
growing region had traditional cultivars that were suited to 
the local growing conditions and for specific culinary end 
uses. However, in recent times, production and consump-
tion worldwide have largely relied on the production of a 
limited number of closely interrelated cultivars (Bannier 
2011; Migicovsky et al. 2021), used primarily for fresh eat-
ing. This change in production and consumption habits has 
resulted in a reduction in the growing of traditional culti-
vars, which in turn poses risks to the loss of both cultural 
traditions and adapted germplasm (Fowler and Mooney 
1990; Goland and Bauer 2004).

To combat these risks, private and public organizations 
have made efforts to conserve traditional cultivars in germ-
plasm collections and to make them available for use in 
breeding, for genetic studies, and for aiding in the preserva-
tion and passing on of cultural traditions (Volk and Bramel 
2021). However, information about the identities, origins, 
and relationships of accessions held in these collections is 
often either unknown or has not been validated, resulting 
in a lack of information about the interrelations between 
accessions and which are duplicates. This lack of accession-
level information hampers effective and efficient germplasm 
curation, consequently hindering effective curation and lim-
iting the end use potential of available germplasm.

In the Netherlands, historical and regionally impor-
tant cultivars are maintained in collections publicly at the 
Wageningen University and Research “Centre for Genetic 
Resources, the Netherlands” (CGN) and privately by Dutch 
pomological societies such as the Pomologische Vereniging 
Noord-Holland (POMVNH) and the Noordelijke Pomolo-
gische Vereniging (NPV). The goal of the CGN collec-
tion is to maintain and make publicly available the most 
important cultivars with recorded origin or historical sig-
nificance in the Netherlands (e.g. Knoop 1758; Noort 1830; 
Berghuis and van Hall 1868). To meet this goal, the CGN 
has partnered with the Dutch pomological society and the 
Nederlands Fruit Netwerk for pomological verification of 
accessions in the CGN collection, determining true-to-type-
ness, and to select cultivars suitable for future conservation 
in the CGN collection.

To assist curation, conservation, and pomological efforts, 
accessions in the CGN collection and accessions in the 
Pomologische Vereniging Noord-Holland, the Noordelijke 
Pomologische Vereniging, and several private Dutch col-
lection orchards were previously genotyped with a set of 
16 single sequence repeat (SSR) markers (van Treuren et 
al. 2010). That study identified many duplicates and helped 

resolve some identity disputes but had two major limita-
tions. First, the SSRs chosen for use did not enable suffi-
cient comparison to collections held in other countries. A 
large-scale cross-collection comparison enabled by an SSR 
genotyping project initially described by (Urrestarazu et al. 
2016). Those efforts subsequently resulted in the ongoing 
Malus UNiQue genotype (MUNQ) coding system (Denancé 
et al. 2020; Muranty et al. 2020), enabling an improved 
curation of the collections involved. However the CGN col-
lection has so far not been connected to this project. Sec-
ond, the use of SSRs in genotypic audits of apple collections 
have more recently been superseded by the use of single 
nucleotide polymorphism (SNP) marker array technology. 
SNP arrays offer a more standardized set of markers for con-
ducting duplicate analyses and the resulting genotypic data 
is more readily integratable across studies. Additionally, 
SNP array data can be used for more accurate and detailed 
pedigree reconstruction (e.g., as in Muranty et al. 2020; 
Skytte af Sätra et al. 2020; Luby et al. 2022), which is pres-
ently being compiled in a large collaborative study (Howard 
et al. 2018). Pedigree reconstruction results can be used to 
resolve cultivar identity disputes and uncover previously 
unknown histories of cultivars. In the context of the goals of 
the CGN, such pedigree information could be used to vali-
date or identify which cultivars held in private collections 
are particularly worthy of inclusion in the CGN collection 
to ensure preservation of Dutch apple heritage.

The aim of the current study was to genotype apple acces-
sions in the CGN collection and various Dutch pomological 
group collections and compare them to each other and to a 
large database of cultivars. This was done to facilitate the 
ongoing efforts of the CGN and Dutch pomological groups 
to curate their collections effectively and to build a central-
ised collection of traditional Dutch cultivars to be preserved 
at the CGN. Specifically, accessions were assigned MUNQ 
codes to facilitate communication regarding genotypic 
duplicates, pedigree reconstruction was performed on each 
unique genotypic profile, relevant literature descriptions 
were used to pomologically verify the identity of acces-
sions, and the resulting data was used to help characterize 
accessions and resolve identity disputes, which in turn was 
used to decide which accessions should be included in the 
CGN collection.

Materials and methods

Plant material

A set of 652 apple accessions was genotyped in this study, 
which included 196 accessions from the CGN, and 456 
accessions selected by the Dutch pomological societies 
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based on their accession names in various collections main-
tained by pomological societies and private persons in the 
Netherlands (Table S1). The samples were harvested as 
young leaves, which were immediately placed on silica gel 
and thereafter freeze dried.

Genotyping

DNA extraction was performed directly in 96-well plates 
in which the dry leaf samples were initially grinded on a 
ball mill before manually performing the extraction using 
the Qiagen DNeasy Plant Mini Kit (Qiagen®, Hilden, Ger-
many) following the manufacturer’s protocol. The 96-well 
plates with DNA aliquots were used for both SSR and SNP 
genotyping. A set of 16 SSR markers (Urrestarazu et al. 
2016) were used for SSR genotyping. The use of this set 
allowed for a comparison of all genotypic profiles in the 
Dutch dataset to genotypic profiles in the SSR genotyp-
ing project (Denancé et al. 2020; Muranty et al. 2020) and 
ascribe each accession to a MUNQ code.

SNP genotyping was performed using the 20  K Infin-
ium® apple SNP array (Bianco et al. 2014) according to the 
standard Illumina protocol (Chagné et al. 2012). The iScan 
data was analysed in GenomeStudio (GS) v2.0 (Illumina 
Inc.) as described by Vanderzande et al. (2019), with the 
modifications and cluster definitions identified by Howard 
et al. (2021c). The genetic positions for the “robust” SNPs 
identified by Howard et al. (2021c) were used and included 
the set of 10,321 SNPs used by Volk et al. (2022). All geno-
typic profiles were compared to those in the collaborative 
large-scale apple pedigree reconstruction project (Howard 
et al. 2018). Accessions from that project that were relevant 
to this study were recorded (Table S2).

SNP data processing and pedigree reconstruction

The intensity data was evaluated in GS utilizing the B-allele 
frequency to ensure that all samples were meeting the qual-
ity criteria defined by Vanderzande et al. (2019). Genotypic 
duplicates were considered true for accessions with more 
than 99.5% identical calls for the highly curated SNP calls 
obtained though the pedigree reconstruction project. This 
threshold was deemed appropriate given the high repeat-
ability previously reported for this array and set of SNPs 
(Howard et al. 2021c). The ploidy level of each accession 
was determined accessing the B-allele frequency in GS as 
described by Chagné et al. (2015).

Pedigree reconstruction for diploid accessions was con-
ducted as described in Vanderzande et al. (2019); Howard et 
al. (2017b, 2021b), whereas pedigree reconstruction involv-
ing triploid accessions was conducted as described by How-
ard et al. (2023). Parent-offspring duo relationships were 

ordered utilizing the parent-offspring order resolution (POR) 
tests, POR-1 and POR-2 as previously described (Howard et 
al. 2022). In the large-scale, ongoing pedigree reconstruc-
tion project being conducted concurrent with this study, 
dummy parents were recorded and in some cases imputed 
following the methods of Howard et al. (2017a, 2021b, 
2023). These dummy parents were given names, reflecting 
the nature of their relationships. Dummy parents that were 
identified as being the offspring of two previously existing 
genotypic profiles and being the parent of less than three 
individuals were not imputed and given the prefix “UP_”, 
standing for “Unknown Parent”, followed by the name of 
their identified offspring. Dummy parents that were deduced 
unreduced gamete donating parents of triploids (Howard et 
al. 2022), and the parent of less than three diploids (or the 
reduced gamete donating parent of triploids) were partially 
imputed via the homozygous calls of their triploid offspring. 
These were given the name “UGDP_”, standing for “Unre-
duced Gamete Donating Parent”, followed by the name of 
their triploid offspring. Dummy parents that had at least five 
offspring or that were the unreduced gamete donating parent 
of at least two triploids and that also had diploid offspring 
were partially to fully imputed. These were given the name 
“Unknown_Founder_X”, where “X” was a sequential num-
ber, following the first “Unknown Founder” genotypically 
described in Howard et al. (2021b).

Following pedigree reconstruction, a pedigree network 
was generated using the ggraph (Pedersen 2024) package in 
R (R core team 2024).

Evaluating true-to-typeness

The true-to-typeness of each accession was evaluated by the 
Dutch pomological societies utilizing duplicate and pedi-
gree reconstruction results in combination with passport 
data, pedigree records, and pomological cultivar descrip-
tions in the literature (e.g. Knoop 1758; Noort 1830). In 
addition, morphological traits in the field collections were, 
as far as was possible, compared with pomological cultivar 
descriptions for evaluating the true-to-typeness. Based on 
these evaluations, each genotypic profile was given a “pre-
ferred name” that best suited the accession/cultivar’s prov-
enance (see Table S3). In case a Dutch accession name did 
not match any cultivar description in the literature, the iden-
tity of a genotype was in some cases considered resolved if 
the same genotype was found under another name in another 
collection that had been pomologically verified.
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represented selected colour sports, such as ‘Gronsvelder 
Klumpke’, which is red sport of ‘Rheinischer Krummstiel’.

True-to-typeness analysis

There were 107 accessions that were confidently deemed 
not true to type, of which 20 accessions were obtained from 
the CGN collection (Table S1). In some cases, the identity 
was resolved using information about genotypic duplicates 
(MUNQs) in other collections, two of these being the root-
stock cultivars M.26 and MM.111. In these two cases, the 
original scions probably had died but the rootstocks lived 
and grew leaves, which were sampled. There were six 
accessions with different names that each matched the geno-
typic profile of ‘Dubbele Zoete Aagt’ (MUNQ 293), which 
similarly may have been due to the death of scions, as ‘Dub-
bele Zoete Aagt’ has sometimes been used as an interstock. 
In other cases, such as for accession Ros04-109, the acces-
sion’s identity was previously unknown and was assigned 
to a genotypic profile group temporarily named ‘Hollandse 
Bellefleur’, though the correct name and provenance is cur-
rently under investigation. Pedigree reconstruction results 
were useful for resolving a number of identity disputes 
or for classifying accessions as not being true to type, for 
example for the accessions BG8Ap015, NPV-K14, and 
NPV-T39 where the SNP verified pedigrees were inconsis-
tent with records or due to inconsistencies in the seniority 
between parent and offspring.

Pedigree reconstruction

Both extant parents were identified for 148 (35.8%) and 
one parent was identified for 106 (25.7%) of the 413 unique 
genotypic profiles, excluding dummy parents (Table S3). 
One genotypic profile had two unknown, partially imputed 
genotypic profiles as parents and 38 genotypic profiles had 
one unknown, partially imputed genotypic profile as one of 
their parents. None of the parents were identified for 159 
(38.5%) of the genotypic profiles.

Numerous common pedigree ancestors of the individuals 
were identified (Table 1; Fig. 1). Some of the most common 
pedigree ancestors are commonly found in the pedigrees 
of modern commercial cultivars, such as ‘Cox’s Orange 
Pippin’, ‘Jonathan’, and ‘Golden Delicious’, while other 
common pedigree ancestors are older, regionally important 
cultivars that are not in the pedigrees of modern commer-
cial cultivars. Some of these had been genotyped in previ-
ous studies, such as ‘Brabantse Bellefleur’, ‘Reinette Rouge 
Étoilée’, ‘Groninger Kroon’, and ‘Keswick Codlin’.

Some important pedigree ancestors of Dutch germplasm, 
such as ‘Herfst Bloem Soete’ and ‘Huismanszoet’ (2) were 
SNP and SSR genotyped for the first time in this study. 

Results

Genotypic duplicates

The 652 genotyped accessions represented 413 unique 
genotypic profiles (i.e., 413 distinct MUNQ codes; Table 
S3). The genotypic profiles were identified and distin-
guished equally efficiently with the 16 SSRs and with the 
10 K SNPs. There were 283 genotypes that were only repre-
sented by one accession in the Dutch dataset. The duplicate 
groups represented 130 genotypes including 11 groups that 
were represented by five or more accessions. There were 
211 unique genotypic profiles in this study that were not 
previously represented in the MUNQ database or the apple 
pedigree reconstruction project.

Of the 413 unique genotypic profiles from this study, 236 
(57.4%) were not present in the CGN germplasm collec-
tion. The 196 accessions from the CGN collection repre-
sented 177 genotypic profiles, of which 88 were not present 
in other Dutch collections. There were 16 duplicate groups 
in the CGN collection which were each represented by at 
least two accessions. There were few examples in which 
identical genotypic profiles with distinct accession names 

Table 1  Frequency of specific ancestors of genotypic profiles of acces-
sions held in the CGN apple collection and other Dutch apple collec-
tions and their presence in the CGN collection. Only individuals with 
at least six offspring were included
Name Num-

bering 
in 
Fig. 1

Number 
of times 
as a 
parent

Number of 
times as a 
grandparent

Present 
in CGN 
collec-
tion

Cox’s Orange 
Pippin

1 28 24 no

Jonathan 2 19 10 no
Brabantse Bellefleur 3 17 3 yes
Golden Delicious 4 16 13 no
Kasseler Renette 5 15 7 no
Reinette Rouge 
Étoilée

6 12 5 yes

Groninger Kroon 7 11 0 yes
Keswick Codlin 8 11 6 no
Herfst Bloem Soete 9 9 20 no
Reinette de 
Hollande

10 9 18 no

“Unknown Founder 
1"*

11 8 6 no

Yellow Transparent 12 8 2 no
James Grieve 13 8 0 no
Huismanszoet (2) 14 7 0 no
Zwiebelborsdorfer 15 7 9 no
Princesse Noble 16 6 1 yes
Alexander 17 6 10 no
*Unknown common parent of a set of 29 European cultivars previ-
ously imputed in Howard et al. 2022
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Curation of apple collections

The results of the genotypic duplicate information from this 
study are useful in aiding current ongoing curation efforts 
in the CGN collection and private collections. The CGN 
collection had a relatively low number of genotypic dupli-
cates (9.7%) compared to other North European collections 
of historical apple cultivars, such as The Pometum collec-
tion in Denmark (23%) (Larsen et al. 2017) or the Swedish 
Central Collection (14%) (Skytte af Sätra et al. 2020). The 
relatively low number of genotypic duplicates in the CGN 
collection was likely due to the fact that several duplicates 
were previously identified and removed from the CGN col-
lection by utilizing genotypic information obtained through 
SSR genotyping the GGN accessions previously performed 
(van Treuren et al. 2010). Most of the current duplicates 
were from newer accessions in the CGN collection that 
had not been genetically evaluated since that earlier study. 
These newer results thus will further help remove unneces-
sary duplication. The efforts of van Treuren et al. (2010) 
were useful for identifying genotypic duplicates in the CGN 
collection but did not allow to compare CGN accessions 
with accessions from other collection sites. Similar efforts 
performing SSR or SNP based fingerprinting or pedigree 
reconstruction based on accessions from a single genebank 

‘Herfst Bloem Soete’ was identified as the parent of nine 
genotypic profiles and a grandparent of 20 genotypic pro-
files in Dutch germplasm (Fig.  2; Table S3; Table S4). It 
was also the parent and a parent of ‘Broholm Rosenæble’ 
from The Pometum (accession DNK0017, MUNQ 5954), 
‘Krügers Dickstiel’ from the Ökowerk collection in Ger-
many (accession Oek_330-1, MUNQ 1009), and ‘Reinette 
Rouge Étoilée’, which itself had 12 direct offspring in the 
Dutch germplasm.

Discussion

The results of this study were successfully used to improve 
curation of the CGN collection by removing genotypic 
duplicates, updating the identities of accessions deemed not 
true to type, and identifying culturally or genotypically sig-
nificant Dutch cultivars in the CGN collection. The assign-
ment of MUNQ codes to each accession will be useful in 
facilitating communication regarding genotypic duplicates 
within and between collections. Pedigree reconstruction 
results were used to characterize accessions, verify true-
to-typeness, and help identify several previously unknown 
pedigree ancestors of Dutch heritage cultivars.

Fig. 1  Relationship network dia-
gram depicting parent-offspring 
relationships among genotypic 
profiles of Dutch accessions 
evaluated. Arrows depict the 
direction of the relationship. 
Squares represent genotypic 
profiles present among the Dutch 
accessions sampled. Triangles 
represent genotypic profiles 
that were not present among 
the Dutch accessions sampled. 
Circles represent imputed and 
ungenotyped (dummy) profiles. 
Lighter red points with numbers 
represent genotypic profiles with 
at least six offspring and the num-
bers correspond to those noted 
in Table 1. Offspring of Dutch 
genotypic profiles that were not 
present in Dutch collections and 
genotypic profiles lacking identi-
fied pedigree relationships were 
not included in this figure
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relations, or to highlight important Dutch germplasm from 
other collection sites which were not present in the CGN 
collection.

Duplicates between the CGN and the private Dutch col-
lections helped resolve many identity disputes in cases where 
cultivar descriptions in the literature were either non-exist-
ing or too poor to be used for identity verification. Examples 
of these identity dispute resolutions include the CGN acces-
sions ‘Zure Renette’ (GEN061), which matched the geno-
typic profile of ‘Brabantse Bellefleur’, ‘Pomme d’Orange’ 
(GEN277) matching the genotypic profile of ‘Zigeunerin’, 
and ‘Spekappel’ (GEN197) matching the genotypic profile 
of ‘Notarisappel’. More than half (57.4%) of the genotypes 
identified in this study were not present in the CGN col-
lection, including the historically important Dutch cultivar 
‘Schone van Boskoop’ and the three important Dutch pedi-
gree ancestor cultivars, ‘Herfst Bloem Soete’, ‘Huisman-
szoet’ (2), and ‘Reinette de Hollande’. These three pedigree 

collections been done in various other North-European 
apple genebank collections (e.g. Larsen et al. (2017); Skytte 
af Sätra et al. (2020); Gilpin et al. (2023).

The current study allowed for the first time genotypic 
comparison of CGN accessions with accessions from other 
germplasm collections in The Netherlands as well as other 
parts of the world. Similar efforts utilizing genotypic infor-
mation on apple germplasm across collection sites includ-
ing SNP-based pedigree reconstruction was also performed 
by Muranty et al. (2020) and Luby et al. (2022). However, 
this is the first study ascribing MUNQ codes to the com-
plete set of accessions maintained in a genebank collec-
tion and performing pedigree reconstruction utilizing all 
genotypic profiles represented in the genebank and in the 
pedigree reconstruction project. The MUNQ and pedigree 
reconstruction results were in several cases useful to verify 
cultivar identities, to solve accession identity discrepancies 
in the CGN collection, reveal previously unknown pedigree 

Fig. 2  Direct pedigree relations identified for ‘Herfst Bloem Soete’ in Dutch germplasm. Other parents of the descendants from ‘Herfst Bloem 
Soete’ were excluded from the figure. Black boxes with question marks indicate unknown parents
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a third accession (Gen212, MUNQ 5473, also named ‘Du 
Halder’) was consistent with pedigree and pomological 
records (Berghuis and van Hall 1868).

The SNP verified pedigrees were also used to pinpoint 
other incorrect accession names where the SNP validated 
pedigrees did not match pedigree records. The genotypic 
profile MUNQ 1894 existed under the two accession names 
‘Rubens 40/37’ at the CGN and ‘Prins Bernhard’ at the NPV. 
MUNQ 1894 was also identified as ‘Rubens’ in the National 
Fruit Collection (NFC) in the UK and has the SNP vali-
dated pedigree ‘Cox’s Orange Pippin’ × ‘Reinette Rouge 
Étoilée’. This pedigree is matching the recorded pedigree of 
‘Rubens’, a cultivar released from the Institute for Horticul-
tural Plant Breeding in Wageningen, The Netherlands. The 
correct identity of MUNQ 1894 was therefore concluded to 
be ‘Rubens’.

The pedigree reconstruction results enabled true-to-type-
ness verification for five cultivars developed by the Dutch 
Laboratory for Horticultural Cultivation, which are held in 
the CGN. The SNP verified pedigrees were consistent with 
the pedigree records for ‘Koningin Juliana’ (Reinette Rouge 
Étoilée’ × ‘Cox’s Orange Pippin’), for ‘Prinses Beatrix’ and 
‘Prinses Margriet’ (‘Cox’s Orange Pippin’ × ‘Jonathan’) 
and ‘Prinses Irene’ and ‘Prinses Marijke’ (‘Jonathan’ × 
‘Cox’s Orange Pippin’). An accession name inconsistency 
was found for the two CGN accessions ‘Prins Bernhard’ 
(GEN143) and ‘Lucullus’ (GEN284), which were identi-
cal and assigned to MUNQ 335. The recorded pedigrees 
for both accessions were ‘Jonathan’ × ‘Cox’s Orange Pip-
pin’, which matched the pedigree reconstruction results for 
MUNQ 335. Thus, it was not possible to determine whether 
‘Prins Bernhard’ or ‘Lucullus’ was the correct accession 
name for MUNQ 335.

Highlighting accessions with identity disputes

The results of this study also highlighted many identity dis-
putes and uncovered previously unknown identity inconsis-
tencies. For instance, there are two genotypic profiles that 
are currently named ‘Hollandsche Bellefleur’ (two acces-
sions) and ‘Hollandse Bellefleur’ (five accessions). These 
are alternate spellings of what were thought to be the same 
cultivar but were found to have different genotypic pro-
files. ‘Hollandsche Bellefleur’ is a SNP verified diploid and 
‘Hollandse Bellefleur’ is a SNP verified triploid. Additional 
pomological work would be needed to resolve this dispute.

There was also identify uncertainty uncovered for 10 
pairs of accessions that had the same accession names 
but different genotypic profiles: ‘Huismanszoet’ (1) and 
‘Huismanszoet’ (2), ‘Peterselieappel’ (1) and ‘Peterselieap-
pel’ (2), ‘Rode Kroonsappel’ (1) and ‘Rode Kroonsappel’ 
(2), ‘Roem van Dekker’ (1) and ‘Roem van Dekker’ (2), 

ancestors were only identified in private Dutch collections 
and are now being propagated to be preserved in the CGN 
collection. Some CGN accessions were labelled with a 
Dutch accession name but were genotypically identical to 
accessions in other collections and were not considered to 
be Dutch traditional cultivars. For example, the accession 
‘Zoete Crombach b1’ (GEN047) which was pomologically 
verified as ‘Pomme d’Or’ (MUNQ 618) in collaboration 
with the Frensh pomologist Henri Fourey from the Cro-
queurs de Pommes.

Integrating the genotypic profiles of Dutch germplasm 
into the databases the MUNQ project and the pedigree 
reconstruction project were also very useful for resolving 
identities or identifying accessions that were not true to type. 
For example, the CGN accession GEN083, named ‘Zaailing 
de Jongh’, was identical to ‘Geflammter Kardinal’ (MUNQ 
770), a German cultivar that was sampled for the project 
described in Howard et al. (2018) from the private orchard 
of noted German pomologist Hans Joachim Bannier, who 
had pomologically verified the accession. In another exam-
ple, three genotypically identical accessions labelled ‘Stich-
tsche Bellefleur’ (AK502), ‘Zoete Rode Ossekop’ (FF53), 
and ‘Jan Steen’ (Ros14-022) (Table S1) were found to be 
identical to the American cultivar Spartan (MUNQ 309), of 
which accessions exist from the Julius Kühn Institute (acces-
sion DEU_JKI_MD_0105) and the USDA collection in the 
USA (PI_588871). Another example is the CGN accession, 
‘Zure van Driebergen’ (GEN076). This accession name 
does not refer to any literature description, but the identity 
was resolved through the identification of a genotypically 
identical accession held in the Danish germplasm collec-
tion “The Pometum” named ‘Hvid Vinter Pigeon’ (MUNQ 
1509) pomologically described by Bredsted (1893). ‘Hvid 
Vinter Pigeon’ was found to be a pedigree ancestor of two 
genotypic profiles in the Dutch dataset.

True-to-typeness validation via pedigree 
reconstruction

The pedigree reconstruction results were useful in aiding 
ongoing germplasm collection curation efforts. Some acces-
sions were deemed not true to type due to their pedigrees 
not matching historical records. For example, accession 
NPV-K18, recorded as the name ‘Zoete Holaart’, was deter-
mined not to be true to type because its identified parent, 
‘Lunterse Pippeling’, is younger than the pedigree records, 
whereas the identical accessions AK506 and GEN267 were 
considered to truly represent ‘Zoete Holaart’ because their 
pedigrees matched pomological records. Another example 
involves the true identity of ‘Du Halder’. Two accessions 
named ‘Du Halder’, Ros11-044 (MUNQ 9674) and Ros20-
008 (MUNQ 9683), did not match pedigree records whereas 
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Muranty et al. (2020) were also common parents of Dutch 
germplasm.

These pedigree reconstruction results provide new infor-
mation about pedigree ancestors and provenance of Dutch 
apple germplasm. The results will benefit the preservation 
of Dutch heritage cultivars and allow for the improvement 
of the curation of the CGN collection.
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