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Abstract: For the purpose of breeding documentation, researchers and breeders kept handwritten
records of the breeding history, including parental information and breeding methods. The cultivars
were used again as parents for further breeding, and modern cultivars of rice have a wide range of
alleles from many generations of parents and ancestors. To understand such a breeding history, it is
necessary to ask around for relevant information, which is then usually documented in Excel or Word
by multiple breeders or breeding institutes. Here, we constructed RicePedigree, which contains the
breeding history of rice based on the documents provided by the Rural Development Administration
(RDA) in Korea. We devised a simple method for collecting a breeding history and storing it in a
database. RicePedigree is a web-based application on the database that facilitates researchers” and
breeders’ utilization of the breeding history of rice. Based on the query cultivar name, it will return
a hierarchical tree of breeding histories and a list of cultivars and breeding lines that contain query
cultivars in their breeding histories. This app would be a good way to review and keep track of
information about current and future cultivars.
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1. Introduction

It is believed that plant breeding started with agriculture. People chose edible plants
that had certain desirable traits, and, over time, these useful traits accumulated. Mod-
ern breeding started with the artificial crossing of parental lines based on the understand-
ing of inheritance and genomics [1]. In modern breeding, many alleles from different
germplasms are mixed together, and useful wild alleles are added to elite cultivars [2].

Along with the advance of high-throughput genotyping technologies, it is now possi-
ble to directly observe the alleles of loci [3]. This enables the understanding of the effects
of alleles or genomic regions on certain phenotypes [4]. Moreover, it allows the prediction
of phenotypes based on genotypes with a genomic selection scheme [5]. Eventually, un-
derstanding the genomic architecture will help us formulate a precise breeding strategy to
cope with market needs and global climate changes. However, the number of polymorphic
genetic factors in the genome is too high to explain their individual and epistatic effects,
especially for the quantitative traits in agriculture. This limits the power of genome-wide
association studies to find important quantitative trait loci (QTL) in rice [6].

The pedigree information has been documented by breeders and researchers. As the
breeding period of crops such as rice is very long —nearly 10 years — the pedigree documen-
tations of breeding histories are well stored in many document types. The breeding history
consisted of the artificial crossing of selected parental lines and their strategy for achieving
the desired phenotype. Even though the pedigree documentation may not contain every
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circumstance of the breeding history, it is still referred to by breeders to determine the
breeding plan for the next year. Moreover, it has been suggested that the pedigree would
also be helpful in enhancing genomic selection [7].

The pedigrees have been documented with handwriting or are stored in PowerPoint
image files. Because of this, it is hard to use or share information in a systematic way. The
Rural Development Administration (RDA) in Korea created Word files for the documen-
tation of the pedigrees to address this issue. However, the Word file format was not good
enough for other breeders and researchers to share and concurrently update. There have
been efforts to create pedigree exploration services. As an integrated genomic database
for rice, Ricebase (http://ricebase.org, accessed on 21 December 2022) was created and pro-
vided interactive Scalable Vector Graphics representations of the pedigree trees [8]. How-
ever, the service is currently inaccessible. Pedimap is another software tool for visualizing
the provided pedigree input into a tree-like image [9]. The Korean Rice Breeding Infor-
mation Management System (KRBIMS), a database and management tool that offers in-
tegrated management of rice breeding information, was developed but was not intended
for use by the public [10]. The China National Research Institute operates a rice variety
database (https://www.ricedata.cn/variety/index.htm (accessed on 21 December 2022)),
which contains detailed descriptions of the history and characteristics of various rice cul-
tivars, as well as pedigree trees. In this paper, we describe a simple database system that
can hold information about RDA pedigrees. We also made a web-based application called
RicePedigree that allows you to view pedigrees and search for cultivar names. We made
efforts to improve the user interface and visualization of the pedigree in RicePedigree, in
order to make it easier for users to use. Additionally, we translated the cultivar names into
English in order to reach a wider audience. The web application can be accessed at the
web address, http://ricepedigree.plantprofile.net/ (accessed on 21 December 2022). This
program will be a good way to evaluate and keep track of cultivars, now and in the future.

2. Materials and Methods
2.1. Breeding History Database and the Web Application Construction

The RDA in South Korea kindly provided the breeding history documents. The docu-
ments contained pedigree trees, which had to be manually converted into a tab-separated
form for the conversion into a database. The tab-separated table was converted into SQLite
(https://sqlite.org/index.html (accessed on 21 December 2022)). The web application was con-
structed using the Python-Django framework (https://www.djangoproject.com/ (accessed on
21 December 2022)) and Semantic-UI (https://semantic-ui.com/ (accessed on 21 December 2022)).
The pedigree of each accession was visualized by D3.js (https://d3js.org/ (accessed on 21
December 2022)).

2.2. Clustering of NCBI-Deposited Accessions

NCBI-deposited sequences of rice accessions were downloaded using the SRA toolkit [11].
The downloaded accessions and their SRR IDs are as follows: Namcheon (SRR12701914),
IR24 (SRR19634031), Milyang29 (SRR12701912), Pungsan (SRR12701908), Hanareum (SRR-
10083950), Dasan (SRR1014726), Hwayeong Byeo (SRR10083951), Samgwang (SRR10083924),
Koshihikari (DRR099981), Milky queen (SRR12701969), Haedamssal (SRR12701921), and Sangju
Byeo (SRR10083937). The reference genome for the read mapping was Oryza_sativa.IRGSP-
1.0 [12]. The reads were mapped to the reference genome with BWA [13]. The variants
were called using Samtools and Bcftools [14]. For the clustering, the variants on the genic
regions were extracted, clustered, and visualized with Seaborn [15].

3. Results
3.1. Systematic Representation of Pedigree
The pedigree documents (2012-2018) from the RDA in Korea contain images showing

the breeding histories (Figure 1A). The documents were written in Korean for the 108 rice
cultivars registered from 2012 to 2018. The registered cultivars were described with the
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cultivar name, the line name, the registered year, the combination of crosses, the insti-
tute, the ecotype, the maturity group, and the heading date. Most importantly, it depicted
the breeding history, which shows several generations of parents. Figure 1 shows the
registered cultivar, Haepum (3}l %), and the breeding history shows additional upstream
parental lines from the direct parents. After converting the graphical representation of the
breeding history of 108 registered cultivars into the node-to-node relationship, the pedi-
gree tree of Haepum was expanded, as shown in Figure 1B, because the breeding histories
of other registered cultivars could give more information about the pedigree of upstream
parental lines.
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Figure 1. Documentation of cultivar “Haepum” (A) Image-based documentation from RDA; the
words in the boxes are the translation of Korean into English. The yellow boxes show the registered
cultivar names. The gray box indicates the example node without an explicit name or ID. (B) Hierar-
chical tree of “Haepum” from the RicePedigree database.

3.2. Data Processing of Pedigree Information

The relationship between parents and children as well as the breeding strategy, such
as the number of backcrosses, are included in the pedigree information (Figure 2A). Nu-
merous parental cultivars or breeding lines, as well as occasionally the breeding method,
are shown in the pedigree documents’ graphical representations of the 108 cultivars. We
manually turned the images into a table with columns for “Cultivar”, and “Parent” (Figure 2B).
Breeding methods such as backcrossing and mutagen treatments (Sodium azide, Ethyl
methanesulfonate, N-Nitroso-N-methyl urea, and gamma-rays) were indicated in the im-
ages, and we also added the “Method” column in the table. The “Method” details are
shown on the pedigree tree’s corresponding edges (Figure 2D). In the case of the nodes
without names or IDs (Figure 1A), we named them according to the parental lines (eg.
“Iksan495 x Iksan496”). Moreover, Korean cultivar names were consistently Romanized
according to the Korean Seed & Variety Service (KSVS) database (http://www.seed.go.kr/
seed/199/subview.do/ (accessed on 21 December 2022)). A total of 1153 cultivar-parent re-
lationships were coded into a single table and transferred to the SQLite database engine
(Table S1). In order to provide quick access to the pedigree tree, we pre-calculated the tree
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based on all record “Cultivar” and “Parent” relationships. The computed pedigree tree is
once more kept in a different table with “Cultivar” and “JSON” columns. The pedigree
tree of the cultivar “Palbangmi” is described in JSON format in Figure 2C. The website
would immediately display the pre-calculated JSON data (Figure 2D).

Palbangmi pedigree
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Figure 2. Example of the table coding scheme. (A) Parent-cultivar relationship in the pedigree image.
(B) The parent-cultivar relationship is coded into two rows containing maternal and paternal lines.
The method column contains the breeding methods, such as the number of backcrosses or mutagen
treatments. The table is converted into a parent-child tree for each cultivar with a data processing
function. (C) Converted JSON format describing the pedigree of “Palbangmi”. (D) Hierarchical tree
based on consolidated parent-cultivar relationships of “Palbangmi”. The breeding method informa-
tion is annotated with orange letters.

3.3. Database and Web Application Development

We used the SQLite database engine to host the curated table (https://www.sqlite.
org/index.html (accessed on 21 December 2022)). To interact with the SQLite database,
an object-relational mapping layer (ORM) of the Django framework was used (https://
djangoproject.com/ (accessed on 21 December 2022)). After importing the processed cultivar-
parent table into the SQLite database, we used the Django framework to build a web ap-
plication (RicePedigree) that interacts with the database. The database and web appli-
cation are served by open-source software Nginx (https://www.nginx.com/ (accessed on
21 December 2022)).

The interface of the web application includes “Search”, “Pedigree visualization”, and
“Pedigree search result” panels (Figure 3). The “Search” panel accepts the query cultivar
name and recommends similar cultivar names based on the first few inputs (Figure 3A).
The “Pedigree tree visualization” panel shows the pedigree tree of the query cultivar or
breeding line. It combines all parent-cultivar relationships from the database and returns
one hierarchical tree visualized using the Data-Driven Documents (d3.js) JavaScript library
(https://d3js.org/ (accessed on 21 December 2022)) (Figure 3B). Hence, the resulting pedi-
gree tree is sometimes larger than the original breeding history image in the RDA docu-
mentation (Figure 1B) and the process of adding new relationships is also simplified.
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Figure 3. The interface of the RicePedigree web page. (A) Search panel recommends possible acces-
sion names based on the first few input letters. (B) Pedigree tree visualization panel shows parental
lines from the database. (C) Pedigree search result panel shows a list of cultivars or breeding lines
that contain the query in their breeding histories.

Figure 3C shows the “Pedigree search result” panel, which shows a list of cultivars
or breeding lines that have the query cultivar in their breeding history. This function al-
lows the breeders to find cultivars or breeding lines that are related to the cultivars in the
query based on pedigree trees. This, along with genomic information, will be useful when
breeders select parental lines for their breeding plans.

3.4. Case Study: Supporting Evidence for Genomic Similarity

Using the whole genome sequencing data for those rice accessions that are stored
in the NCBI-SRA, the SNP profile can be used to estimate the genetic distance between
those accessions. In most cases of a concatenated SNP matrix of rice breeds, the types of
rice (Indica and Japonica) are clearly grouped together. If the breeding histories between
the species are given, the genomic closeness of neighboring cultivars within each cluster
can be explained more effectively. To test RicePedigree in this scenario, we downloaded
12 WGS datasets from NCBI-SRA [16], created an SNP matrix, and displayed a sample clus-
ter (Figure 4A). The tight cluster included Japonica-type accessions, such as: “Hwayeong”,
“Samgwang”, “Koshihikari”, “Milky queen”, “Haedamssal”, and “Sangju”, while the other
cluster included Indica-type accessions: “Namcheon”, “IR24”, “Milyang29”, “Pungsan”,
“Hanareum”, and “Dasan”. When “Dasan” is searched for in the RicePedigree database,
its pedigree tree is drawn, and the “Pedigree search result” panel displays additional acces-
sions with “Dasan” in their pedigree (Figure 4B). It's notable that “Hanareum” is listed un-
der “Pedigree search result” supporting its neighborhood with “Dasan” based on the sam-
ple clustering. The pedigree tree of “Hanareum” revealed “Namcheon”, “Dasan”, “IR24”,
“Milyang29”, and “Pungsan”, which are also closely clustered in the sample clustering re-
sult (Figure 4C).
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Figure 4. A case study using the RicePedigree database to translate the genomic clustering results
based on resequencing data. (A) Expected grouping for japonica- and indica-type cultivars, based on
genomic SNP analysis. (B) RicePedigree search result on query “Dasanbyeo”, showing its pedigree
tree and list of cultivars and germplasms that contain “Dasanbyeo” in their pedigree. (C) Pedigree
of “Hanareum”, showing upstream parental lines in breeding history.

4. Discussion

RicePedigree is a simple web application that serves pedigree information on rice cul-
tivars and breeding lines. Previously, managing breeding history data with a word proces-
sor made it difficult to share and update pedigrees. Due to the document’s limited space,
the pedigree would only be written up to a few precedents. To trace back to earlier genera-
tions, researchers would need to find another page. The fact that the pedigree documents
were kept in personal storage and could not be routinely updated made it difficult to share
them with other researchers. When describing new cultivars, the pedigree images should
have been written in a redundant manner, including information about the most recent
generations that have already been provided on other pages.

With RicePedigree, it is straightforward to update, share, and explore the breeding
history of queries. A new cultivar or breeding line can be added to the database, using the
simple database structure, by including additional breeding combinations. Also, because
this is on the web, anyone can look up the breeding history by using the cultivar name.
The “Pedigree search result panel”, which displays cultivars with query cultivars in their
breeding histories, provides breeders with additional information for the parent selection
step. In breeding programs, it helps when the breeders and researchers choose the lines of
the parents to widen or narrow the combination of alleles.

Additionally, the pedigree data can be used to analyze rice germplasm whole genome
sequencing data, to determine the causes of the close genotypic relationships between the
germplasms. At the National Center for Biotechnology Information (NCBI), researchers
can find more than 400 sets of resequencing data on rice germplasms. Researchers can
make assumptions about how the alleles may have been traded or passed down along
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with the pedigrees. Also, the pedigree tree and whole genome data can be used to find the
important alleles or sets of alleles for breeding.

Here, we demonstrated how a simple database design and web front-end make it eas-
ier to manage and use rice pedigree data. In the future, by including a genomic profile for
each cultivar and accession, this database can serve as the hub for managing rice resources,
because the breeding history of the accessions is closely related to their genomic profiles.
RicePedigree will be updated yearly with the breeding history of the registered cultivars
provided by the RDA in Korea. This database and web application will be a good way to
evaluate and keep track of cultivars, now and in the future.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/agronomy13010069/s1. Table S1. Processed pedigree information in
single table format.
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