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Abstract

Potato (Solanum tuberosum) is considered worldwide as one of the most important non-cereal food crops. As a result of its
adaptability and worldwide production area, potato displays a vast phenotypical variability as well as genomic diversity.
Chloroplast genomes have long been a core issue in plant molecular evolution and phylogenetic studies, and have an important
role in revealing photosynthetic mechanisms, metabolic regulations and the adaptive evolution of plants. We sequenced the
complete chloroplast genome of the Hungarian cultivar White Lady, which is 155 549 base pairs (bp) in length and is char-
acterised by the typical quadripartite structure composed of a large- and small single-copy region (85 991 bp and 18 374 bp,
respectively) interspersed by two identical inverted repeats (25 592 bp). The genome consists of 127 genes of which 82 are
protein-coding, eight are ribosomal RNAs and 37 are transfer RNAs. The overall gene content and distribution of the genes
on the White Lady chloroplast was the same as found in other potato chloroplasts. The alignment of S. tuberosum chloroplast
genome sequences resulted in a highly resolved tree, with 10 out of the 13 nodes recovered having bootstrap values over
90%. By comparing the White Lady chloroplast genome with available S. tuberosum sequences we found that gene content
and synteny are highly conserved. The new chloroplast sequence can support further studies of genetic diversity, resource
conservation, evolution and applied agricultural research. The new sequence can support further potato genetic diversity
and evolutionary studies, resource conservation, and also applied agricultural research.
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Introduction

The chloroplast is a semi-autonomous intracellular organelle
of photosynthesising organisms. Its genome encodes several
genes for the chloroplast components and photosynthesis
system. Chloroplast genomes vary in size but are highly con-
served in gene content and organisation in vascular plants.
For most plants, the chloroplast genome is between 72 and
220 kb in size and contains around 130 genes (Palmer and
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Stein 1986; Ghimiray and Sharma 2014; Huang et al. 2019).
The typical angiosperm chloroplast genome is circular and
has a quadripartite structure composed of a pair of inverted
repeats (IRa and IRb) separated by a large single-copy
(LSC) and a small single-copy (SSC) region (Chung et al.
2006; Samson et al. 2007; Liu et al. 2019; Guzméan-Diaz
et al. 2022). Although the general structure of the chloro-
plast genome is relatively uniform and conserved, several
mutations, duplications, insertions/deletions, inversions
and rearrangements have been observed (Chung et al. 2006;
Ghimiray and Sharma 2014; Amiryousefi et al. 2018; Fang
et al. 2021).

Chloroplast genomes have long been a core issue in plant
molecular evolution and phylogenetic studies (Palmer and
Stein 1986; Huang et al. 2019; Guzméan-Diaz et al. 2022).
The advent of high-throughput sequencing technologies has
enabled the efficient generation of large amounts of sequence
data at a relatively low cost, from which complete organel-
lar genome sequences can be obtained (Frank et al. 2016;
Nagy et al. 2017; Guzman-Diaz et al. 2022). Thus, more and
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more chloroplast genomes have been sequenced and reported
(Nagy et al. 2017; Amiryousefi et al. 2018; Chen et al. 2021;
Fang et al. 2021; Li et al. 2021b; Zhang et al. 2021; Yin et al
2022; Yin and Gao 2023). In addition to exploring phylo-
genetic relationships, the chloroplast genome has an impor-
tant role in revealing photosynthetic mechanisms, metabolic
regulations and the adaptive evolution of plants (Chung et al.
2006; Daniell et al. 2006; Samson et al. 2007; Amiryousefi
et al. 2018) and even some implications in applied agricul-
tural sciences (Cho et al. 2016; Nagy et al. 2017).

The genus Solanum is one of the largest genera of flower-
ing plants and includes several economically important food,
ornamental and medicinal plants, as well as various species
used as biological model systems (Chung et al. 2006; Dan-
iell et al. 2006; Amiryousefi et al. 2018). Potato (Solanum
tuberosum) is considered one of the most important non-
cereal food crops (FAO 2021) with high nutritional value,
adaptability and large yield (Abraham and Sarvari 2006;
Flis et al. 2014; Tomoskozi-Farkas et al. 2016). Being an
important crop, there are large efforts put into the research
of potatoes, including the molecular basis of biotic and
abiotic stress, like virus resistance, insect deterrence and
drought tolerance (Cho et al. 2016; Song et al. 2021; Islam
et al. 2024) as well as their nutrient content (Tomo6skozi-
Farkas et al. 2016). Traditional plant breeding has resulted
in numerous potato cultivars with increased yield, disease
and pest resistance, environmental stress tolerance and other
favourable agronomic attributes. As a result of its adaptabil-
ity and worldwide production area, potato displays a vast
phenotypical variability as well as genomic diversity (Tang
et al. 2022). Biotic and abiotic conditions in lowlands of
Central Europe are different from conditions of the South
American centre of domestication, thus a major issue is the
breeding of varieties suitable for such agro-ecological condi-
tions. The main focus is on resistance against major pests,
and abiotic stress (heat and drought) tolerance (Polgar et al.
2016). The cultivar White Lady is the result of decades-long
breeding efforts at the Potato Research Centre at Keszthely.
White Lady has short oval, tubers with light beige skin and
cream-coloured flesh, a relatively high dry matter and starch
content (Abrahém and Sarvari 2006; Kollaricsné Horvath
et al. 2019). One main breeding goal was to acquire resist-
ance against major pathogens. For this reason, compatible
resistant wild species like Solanum acaule, S. andigenum, S.
demissum, S. stoloniferum and S. vernei which convey differ-
ent resistance genes were included in the pedigree of White
Lady (Polgar et al. 2016), and at least S. stoloniferum was
used as female partner in the pedigree. Such an approach is
a common strategy in the breeding of Solanum species (Cho
etal. 2016; Li et al. 2021a; Ortiz et al. 1994; Yin et al. 2022).

In this study, we present the complete chloroplast
genome sequence of the potato cultivar White Lady using
high-throughput sequencing. Specifically, we used Illumina
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sequencing technology to assemble the chloroplast sequence.
The assembled sequence is used for annotation, and to
explore the gene content and structure. We also compare the
gene order and examine the variation of structural changes
across the species. We presume that the analysis of complete
chloroplast genome sequences is useful for evolutionary and
phylogenetic studies, and for exploring structural differences
between and among species.

Materials and methods

DNA was extracted from freshly collected leaf tissue with
NucleoSpin Plant IT Mini Kit (Macherey—Nagel, Germany).
As part of an ongoing whole-genome sequencing study, four
paired-end libraries with an insert size of ~400 bp were pre-
pared and sequenced on a NextSeq 500 (Illumina, USA)
platform using a High-output 300 v2.5 sequencing kit.

Chloroplast genome assembly was carried out on a Unix
platform running Ubuntu v18.04.01. Quality check of the
2 % 150 bp paired-end reads was performed using FastQC
v0.11.9 and Trimmomatic v0.32 (Bolger et al. 2014) was
used to filter low-quality reads and perform the adapter trim-
ming, applying a sliding window of 4:15 and removing reads
shorter than 60 bases.

NOVOPlasty v4.3.1 (Dierckxsens et al. 2017) assem-
bler was used to perform the de novo assembly using the
trimmed reads. The assembly pipeline was initiated by a
seed sequence, to retrieve one read from the sequencing data
and then iteratively extended bidirectionally by recruiting
new reads. The seed used for the assembly was the ribu-
lose-1,5-bisphosphate carboxylase/oxygenase large subunit
(rbcL) gene sequence included in the potato chloroplast ref-
erence genome under accession number NC_008096.2 avail-
able at GenBank. The start and end of the seed sequence are
scanned for overlapping reads, but only one sequence read is
retrieved at a time by the programme to form the assembly.
NOVOPIlasty does not try to assemble every read, but will
extend the given seed until a circular genome is formed.

The newly assembled sequence was annotated with a
two-step procedure. First, we used the web-based AGORA
(Annotator for Genes of Organelle from the Reference
Sequence Analysis) application (Jung et al. 2018), CPGA-
VAS?2 (Liu et al. 2012) and GeSeq (Tillich et al. 2017) to
obtain annotations based on different approaches. The tRNA
genes were identified additionally by tRNAscan-SE v2.4.4
(Chan et al. 2021). Then, the annotations were manually
compared and confirmed; the genes present in the result of
multiple annotators were included in the final annotation.
The resulting genome map was generated with the help of
CPGView (Liu et al. 2023). Short tandem repeats (STRs)
were identified with MISA v2.1 (Beier et al. 2017) using a
threshold level of five for mononucleotide repeats and three
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Fig.1 The circular map of the chloroplast genome of Solanum
tuberosum cv. White Lady produced by CPGView. Genes are plot-
ted in the outer circle, with the functional classification of the genes
shown at the left bottom. The grey inner circle indicates the GC con-

for di-, tri-, tetra-, penta- and hexanucleotide repeats. The
complete chloroplast genome sequence has been depos-
ited into the GenBank (under accession PP432013.1) with
assembly metadata and associated feature descriptors.
Codon frequency and relative synonymous codon usage
(RSCU) were calculated based on protein-coding genes
using MEGAL11 v11.0.13 (Tamura et al. 2021).

For a phylogenetic analysis, we downloaded all available
53 Solanum tuberosum chloroplast genome sequences from
the NCBI GenBank (data present on 8. January 2024). We
aligned the complete chloroplast genomes with MAFFT

0.
Plastid Genome 3 %?10
& H (0.
petB (0.
155,549 bp § petD (0.
2
I

tent. The coloured inner circle indicates the quadripartite structure,
which consists of the large single-copy (LSC), the small single-copy
(SSC) regions and two inverted repeat regions (IRA and IRB)

v7.310 (Katoh and Standley 2013). A maximum likelihood
(ML) tree was constructed using IQ-TREE v1.6.1 (Nguyen
et al. 2015) with 1000 bootstraps, with the chloroplast
genome sequence of Capsicum annuum L. (NC_018552) as
an outgroup, because C. annuum was the closest sister taxon
of the genus Solanum with an annotated chloroplast genome
(Sarkinen et al. 2013).
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Table 1 The insertion/deletion (indel) differences found between the
Solanum tuberosum cv. White Lady and the potato chloroplast ref-
erence sequence NC_008096.2. Indels marked with an asterisk are
identified as repeats

Indel Position Length In White Lady Region
IndelO1* 6395 17 bp Insertion LSC
Indel02 14,618 8 bp Insertion LSC
Indel03 52,579 241 bp Insertion LSC
Indel04 60,667 8 bp Insertion LSC
Indel05 62,636 18 bp Deletion LSC
Indel06 78,310 8 bp Deletion LSC
Indel07 114,802 8 bp Deletion SSC
Indel08* 115,476 9 bp Insertion SSC

Asterisks mark indels identified as repeats

Results

Genome sequencing provided more than 1x 10° reads
that aligned to the chloroplast, resulting in an average 65
262 x coverage. The complete chloroplast sequence of White

Lady was 155 549 base pairs (bp) in length (Fig. 1) and
displayed the typical quadripartite structure of angiosperm
plastid genomes, consisting of an LSC (85 991 bp) and SSC
(18 374 bp) region, separated by a pair of identical IRs (25
592 bp in length). The overall GC content of the White Lady
chloroplast genome was 37.9%, resembling other potato
chloroplasts. There were 173 sequence differences found
between the White Lady sequence and the potato chloro-
plast reference sequence NC_008096.2 (Table S1). Most of
these, 148 (85.6%), are single nucleotide polymorphisms
(SNPs). Eight insertions/deletions (indels) were also found,
ranging from 8 to 241 bp in length (Table 1), with all indels
and repeat sequences found in intergenic regions. There were
also 1864 short tandem repeats (STRs) in the White Lady
chloroplast genome (Table 2). The far most abundant STR
motifs were poly-A/T stretches (1246, 66.85%), which is
characteristic of angiosperm plastids.

The annotation of the new sequence resulted in a total of
127 genes (Table 3), of which 82 corresponded to protein-
coding genes, eight to ribosomal RNAs (rRNAs) and 37
to transfer RNAs (tRNAs). Of the genes, 90 were unique,
15 appeared to be duplicated, one triplicated and one

Table 2 Count of simple

Repeat 3 4 5 7 8 9 10 11 12 13 14 Total
sequence repeat (SSR) types
(mono-, Clli-’ Ffji" teftra- szd . Mono - - 82 326 153 39 25 19 10 6 2 2 1434
Solomn mberommew. White DL 314314 3!
Lady chloroplast genome Tri 69 2 71
Tetra 8 8
Penta 1 1

Table 3 The gene composition of the Solanum tuberosum cv. White Lady chloroplast genome with functional classification. Genes marked with
an asterisk were present in more than one copy

atpA, atpB, atpE, atpF, atpH, atpl
petA, petB, petD, petG, petL, petN

Category Group of genes Genes
Genes for photosynthesis ~ ATP synthase

Cytochrome b/f complex

NADH dehydrogenase

Self-replication

Photosystem I

Photosystem II

Subunit of RuBisCo
DNA-dependent RNA polymerase
Large subunit of ribosome

Small subunit of ribosome

Other Other genes
Hypothetical open reading frames
RNA genes Transfer RNAs

Ribosomal RNAs

ndhA, ndhB*, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK

psaA, psaB, psaC, psal, psal

psbA, psbB, psbC, psbD, psbE, psbF, psbl, psbJ, psbK, psbM, psbN, psbT, psbZ

rbcL

rpoA, rpoB, rpoCl, rpoC2

rplid, rpll6, rpl20, rpl22, rpl23%*, rpl32, rpl33, rpl36

rps2, rps3, rps4, rps7%, rps8, rpsll, rps12*, rpsid, rpsl5, rpsi6, rpsi8, rps19

accD, ccsA, cemA, clpP, matK

vefl, yef2*, ycf4, ycfl5*

trnA-UGC*, trnC-GCA, trnD-GUC, trnE-UUC*, trnF-GAA, trnG-GCC, trnH-
GUG, trnK-UUU, trnL-CAA*, trnL-UAA, trnL-UAG, trnM-CAU¥*, trnN-
GUU*, trnP-UGG, trnQ-UUG, trnR-ACG*, trnR-UCU, trnS-CGA, trnS-

GCU, trnS-GGA, trnS-UGA, trnT-GGU, trnT-UGU, trnV-GAC*, trnV-UAC,
trnW-CCA, trnY-GUA

rrnd. 5% rrn5*, rrnl6*, rrn23*

Asterisks mark genes with multiple copies
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Table 4 The lengths of

. Gene Strand Start End Length (bp)

introns and exons for the

intron-containing genes of the Exon I Intron]  ExonIl  IntronII  ExonIII

Solanum tuberosum cv. White

Lady chloroplast genome trnK-UUU - 1795 4380 37 2513 36
rpsl6 - 5043 6164 40 855 227
trnS-CGA + 9173 9938 31 675 60
atpF - 11,924 13,171 152 690 406
rpoCl - 21,221 24,024 453 737 1614
trnL-UAA + 48,458 49,039 35 497 50
trnV-UAC - 52,937 53,580 36 552 56
rpsi2 - 71,717 141,615 114 - 243
clpP - 71,963 73,968 71 789 294 620 232
petB + 76,915 78,309 6 747 642
petD + 78,504 79,725 6 739 477
rpll6 - 83,028 84,446 9 1014 396
trnE-UUC + 103,820 104,613 32 722 40
trnA-UGC + 104,678 105,560 37 810 36
ndhA - 121,177 123,426 553 1158 539
trnA-UGC - 135,921 136,803 37 810 36
trnE-UUC - 136,868 137,661 32 722 40

Fig.2 Schematic representation
of the transcription of the rpsi2
gene found in the chloroplast

Transcript 1

[ exonl g

genome of Solanum tuberosum A1
L

cv. White Lady

Genome (+)

74830 M3 AMBA®

S eon2 | . _

Transcript 2

AT 1180 go8d A0010® 3T AmeNd
T v v v
YAl 14830 9860 \00\03

quadrupled. The duplicated genes were the NADH dehy-
drogenase subunit ndhB, two open reading frames (ycf2 and
ycfl5), three ribosomal proteins (rps7, rpsi2 and rpl23), all
four rRNA subunits (rrn4.5S, rrn5S, rrnl6S and rrn23S) and
five tRNAs (trnA-UGC, trnL-CAA, truN-GUU, trnR-ACG,
trnV-GAC). The tRNA #rnE-UUC was triplicated and trnM-
CAU had four copies. Almost all protein-coding genes had a
standard ATG start codon, except ndhD starting with AAT
and rps19 starting with GTG. None of the genes had internal
or non-standard stop codons.

Eighty percentage of the total length of the genome
is related to genetic regions. The ATT codon, coding the
amino acid isoleucine, was the most frequent codon with
an RSCU rate of 41.304 (Table S2). The distribution of the
genes on different regions of the plastid exhibited similar-
ity with other Solanum species with 13 genes in the SSC

region and 17 genes in the IR while the rest were in the LSC.
Eight tRNAs and nine protein-coding genes of the White
Lady chloroplast genome contained introns (Table 4). The
gene rpsi2 is trans-spliced with Exon I located in the LSC
region and the duplicated Exon II located in the IR regions
(Fig. 2). The other genes are cis-spliced, with clpP having
three exons and two introns and the other genes having two
exons separated by a single intron (Fig. 3).

Our phylogenomic analysis of the whole chloroplast
genome sequences resulted in a highly resolved tree, with
10 out of the 14 nodes recovered having bootstrap values
over 90 (Fig. 4). S. tuberosum cv. White Lady belonged
to the same node as the cultivars Castle Russet, Meteor,
Gusar, Grand, Sudarinya and an unspecified S. tuberosum
(OR632697), with a bootstrap support of 97.
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Fig.3 Schematic representa-

tion of the protein-coding genes rps16 - | ]
containing introns found in the ! ! . ]
chloroplast genome of Solanum 5043 5269 6125 6164
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Discussion

High-throughput sequencing technologies have been con-
stantly changing biological research with the generation
of large amounts of sequence data (Frank et al. 2016,
2017; Nagy et al. 2017; Guzman-Diaz et al. 2022). These
sequences may be used to reconstruct complete chloroplast
genomes, which may provide us with the information basis
for studying chloroplast evolution and the mechanisms of
genomic rearrangements (Chung et al. 2006; Cho et al. 2016;
Amiryousefi et al. 2018; Huang et al. 2019). Analysis of
the phylogenetic relationships of chloroplast genomes can
help understand plant phylogeny and some aspects of their
population genetics, or even underline taxonomic status at
the molecular level (Daniell et al. 2006; Huang et al. 2019;
Liu et al. 2019; Guzman-Diaz et al. 2022). Furthermore,
some herbicides like PSI and PSII inhibitors have their target
genes in the chloroplast genome, thus investigation of plas-
tid genome organisation and function could trigger further
breakthroughs in applied sciences (Cho et al. 2016; Nagy
et al. 2017). The chloroplast genomes of angiosperm plants
are generally conservative in sequence and gene content,
however, structural variations like gene duplications and
sequence rearrangements have been observed across angi-
osperms (Chung et al. 2006; Samson et al. 2007; Martin

@ Springer

et al. 2014; Fang et al. 2021; Guzman-Diaz et al. 2022).
Here, we report the complete chloroplast genome sequence
of Solanum tuberosum cv. White Lady as a genomic tool for
comparative studies.

Unsurprisingly, the new chloroplast genome sequence
showed very high similarity to the available potato
sequences. The overall gene content and distribution of
the genes on the White Lady chloroplast was the same as
found in other Solanum tuberosum chloroplasts (Chung
et al. 2006; Chen et al. 2021; Li et al. 2021b). The White
Lady chloroplast genome contains 107 unique genes, 76
protein-coding genes, four rRNAs and 27 tRNAs, which is
in line with other potato chloroplasts (Chung et al. 2006;
Chen et al. 2021; Li et al. 2021b). The trans-splicing vari-
ants of the rpsi2 genes, the location of the duplicated exons
and the exon—intron boundaries are known in other potato
cultivars, and all the protein-coding genes are the same as
described in other potato cultivars (Chen et al. 2021; Huang
et al. 2019; Li et al. 2021b). Reports on splicing variants
in wild Solanum species were scarce, but previous studies
did not report any differences (Cho et al. 2016; Huang et al.
2019). The low sequence diversity of chloroplast genes in
Solanum is attributed to the conservation of the functions
of the photosynthetic system (Amiryousefi et al. 2018) and
contrasted with other economically important plant families
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Solanum tuberosum OR632697 *
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Solanum tuberosum cultivar Altus MZ030719 *
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96| Solanum tuberosum OM638080 *
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Fig. 4 Maximum-likelihood phylogenetic tree of Solanum tuberosum
based on chloroplast genomes. The scale bar represents the number
of substitutions at each locus; the new sequence of cv. White Lady is

where plastid genomes can harbour many structural differ-
ences and rearrangements (Samson et al. 2007; Skuza et al.
2023; Yin and Gao 2023).

Capsicum annuum NC 018552

denoted with red, and sequences with the 241 bp insertion are marked
with an asterisk

We found an abundant reservoir of structural differences
(SNPs, STRs and InDels) in the chloroplast genome of the
potato. Such loci can be used to develop genetic markers for
genetic diversity assessment and molecular fingerprinting
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(Cho et al. 2016; Daniell et al. 2016; Yan et al. 2022). The
cultivated potato is tetraploid, hence multiple copies and
heterozygous loci can cause difficulties when using nuclear
genetic markers. Compared with nuclear markers, chloro-
plast DNA markers could make genetic analyses easier and
more feasible. The largest structural difference in White
Lady was the absence of a 241 bp long deletion in the inter-
genic region between ndhC and trnV, which was previously
associated with the cultivated potato (Chung et al. 20006).
This deletion was thought to represent a genetic difference
between cultivated and wild potatoes; however, some potato
cultivars carry the deletion, while others, like White Lady,
lack this variation. Only 23 of the available 53 S. fuberosum
chloroplast sequences carried this deletion, while 30 of them
and the new White Lady chloroplast harboured the longer
sequence variation (marked with an asterisk in Fig. 4). Sev-
eral wild tuber-bearing Solanum species and their hybrids
have been used as parents in potato breeding (Ortiz et al.
1994; Cho et al. 2016; Polgar et al. 2016; Li et al. 2021a;
Tang et al. 2022) with different degree, this might have had
an effect of the presence or absence of this deletion. If the
insertion originated in the cultivated potato, using these
wild species as maternal partners could have introduced the
insertion variant back to cultivated lines, which could hap-
pen several times in different locations (Ortiz et al. 1994;
Spooner et al. 2005). The presence or absence of the deletion
seemingly does not affect the agricultural traits or breeding
habits; however, this has not been studied in detail before.
Our phylogenomic analysis of the complete chloroplast
genome resulted in a highly resolved tree, with almost all
branches having high support values. The cultivar White
Lady belonged to the same node as the cultivars Castle
Russet, Meteor, Gusar, Grand, Sudarinya and an unspeci-
fied S. tuberosum. The branch lengths of the phyloge-
netic tree were extremely short, indicating also very high
sequence similarity among the chloroplast sequences of
cultivated potato (Huang et al. 2019). Although our phy-
logenetic tree was highly resolved, phylogenetic relation-
ships of many species in the genus Solanum based on chlo-
roplast genomes are often ambiguous or have low support.
This reduced structure is most evident in the cultivated
potato that forms a nearly complete polytomy (Chung
et al. 2006; Huang et al. 2019; Yan et al. 2022). We failed
to find any association between the phylogenetic posi-
tion and cultivar designation of the sequences. Although
many S. tuberosum chloroplast genomes did not have any
associated cultivar or origin metadata in GenBank, the
known cultivars did not cluster according to their origin.
These discordant results of individual accessions failing
to cluster, or having reduced support may reflect real phy-
logenetic status but may be also supported by the history
of numerous hybridisations and introgression in culti-
vated potatoes. It is important to note that interspecific

@ Springer

hybridisation as anthropogenically introduced into S.
tuberosum may make chloroplast phylogenetic analyses
difficult (Amiryousefi et al. 2018; Huang et al. 2019; Yan
et al. 2022).

Conclusions for future biology

High-throughput sequencing has become a standard
method and enabled the generation of large amounts of
sequences. The chloroplast genomic data reported here
can be utilised to study chloroplast evolution and phylo-
genetics on the species, genus, family or other taxonomic
levels. The sequence differences, SNPs, STRs and InDels
described here can be used to develop molecular markers
for the identification of potato cultivars or the study of
population-genetic processes in wild Solanum species. The
comparison of complete chloroplast genome sequences
may also give insights into the mechanisms of genomic
rearrangements, especially to address phylogenetic and
molecular evolutionary questions regarding the breed-
ing of cultivated potatoes. Furthermore, some herbicides
like PSI and PSII inhibitors have their target genes in the
chloroplast genome, thus investigation of plastid genome
organisation and function may lead to applicable results
in agriculture.
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