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Preface: The Second International Conference on Genetic Resources and Biotechnology

The Second International Conference on Genetic Resources and Biotechnology, which is the continuation
of the first event held in 2018, focuses on topics related to advances in biotechnology to create more
opportunities for effective conservation and sustainable utilization of genetic resources for food and
agriculture. This year conference’s theme is Harnessing Technology for Conservation and Sustainable
Use of Genetic Resources for Food and Agriculture. The conference was organized by Indonesian
Agency for Agricultural Research and Development (IAARD), Ministry of Agriculture, Indonesia, in
collaboration with Indonesian Biotechnology Consortium and held on 24™-25" of May 2021virtually due
to the pandemic of COVID-19.

The conference aims to share and exchange current scientific information and technological developments
on biotechnology and their applications for conservation and sustainable use of genetic, to encourage and
promote quality, efficiency, and modernization of management and utilization of genetic resources, and to
facilitate national and international collaboration among participants. There are five scopes discussed in
this conference. They are effective management of conservation and sustainable use of genetic resources
for food and agriculture, application of genomics and molecular markers for genetic resource
conservation and crop adaptation to climate change, application of innovative crop improvement
techniques for conservation and sustainable use of plant genetic resources for food and agriculture, plant
cell and tissue culture for conservation and effective utilization of genetic resources, and the use of
microbial genetic resources as biological control agents of agricultural pests and diseases, and for soil
bioremediation.

Five speakers from the United States of America, Japan, India and Indonesia were invited to discuss about
their expertise and knowledge on relevant subjects in the plenary sessions. This conference was attended
by more than 100 participants including 75 presenters and 44 listeners worldwide. They came from
diverse governmental, private, or academic institutions and also scientific communities. The presented
materials have undergone peer review processes and only qualified papers were selected. Furthermore, all
papers were subjected to double blind peer-review and expected to meet the scientific criteria of
significance and academic excellence to be published in a conference proceedings indexed in a well-
known, reputable service.

We would like to express our sincere gratitude to our speakers, presenters and all participants for their
contributions in this conference. We would also like to express our appreciation for the generosity of our
sponsors that support this conference: PT CropLife, PT ITS Science Indonesia, PT Fajar Mas Murni and
PT Prima Instrument Analitika. Lastly, special thanks to all committee members for their exceptional
work and contributions in the conference and publication.

Chair of Organizing Committee

Dr. Toto Hadiarto

The Second International Conference on Genetic Resources and Biotechnology
AIP Conf. Proc. 2462, 010001-1-010001-1; https://doi.org/10.1063/12.0006897
Published by AIP Publishing. 978-0-7354-4172-9/$30.00
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Abstract. Endosperm cultures have been established on tangerine citrus cv. Siam Madu. To verify the ploidy levels of
the regenerant derived-plants, both cytological and molecular assessments were applied. The research was conducted
from March until June 2017 at the Laboratory of Plant Breeding and Genetic Resources of the Indonesian Citrus and
Subtropical Fruits Research Institute (ICSFRI). A total of 25 tangerine citrus accessions served as the evaluated materials
after they were grafted into JC rootstock for 16 weeks. The results showed that the stomatal density, length, and width
were varied among the tested accessions. The lowest stomatal density was observed in SM42. While, SM11 showed the
highest stomatal density with smallest value in stomatal size trait. The highest ratio of stomatal length and width was
detected in SMS56. Based on the cytological observation, 13 accessions were observed to have triploid, 11 accessions
were diploids, and one accession had haploid chromosome structures. Molecular characterization using SSR primers
(TTTA41, TAAI1S, and CATO1) resulted that most of tested accessions had the same number of amplified alleles, except
for SM18, SM47, SM49, SM51, and SM54 which showed polymorphic bands compared to the controls.

INTRODUCTION

Among the marketable citrus fruits, tangerine (Citrus nobilis Lour.) is the most preferred citrus by Indonesian
consumers. The planting area covers 60—70% of total commercial citrus plantation [1, 2]. Tangerine citrus cv. Siam
Madu, or also known as Siam Medan, is one of the common local citrus varieties that has higher market share
commpared to other tangerines due to it has several competitive characteristics, such as sweet taste with medium
fruit size and longer storage durability (8—10 days after harvest) [3]. On the other hand, the citrus variety is also
categorized as seedy citrus, and the amount of seed can reach 15-21 seeds per fruit [4], which is considered as an
undesirable trait [5, 6].

Seedlessness is an important economic trait relating to fruit quality. There are many desirable characteristics of
seedless fruit, including its high quality and taste, which are greatly valued by both consumers and the processing
industry [7]. The presence of a large number of seeds in citrus fruits greatly hinders consumer acceptability, even if
it has good organoleptic properties. Therefore, the development of seedless fruit cultivars has become a major goal
for fruit breeders [8] and one of most promising ways to promote seedlessness in plants is through induction of
polyploids [9]. Among polyploids, triploids are of utmost importance as they have been reported to produce seedless
fruits and vegetables, including citrus [10].

Plant breeders have tried to investigate suitable methods applicable in developing plants that produce seedless or
nearly seedless fruit through sexual recombination, such as by cross combination of diploids and tetraploids
(2n x 4n), as well as tetraploids and diploids (4n x 2n), through embryo rescue technique, spontaneous triploids,
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irradiation, endosperm culture, and other biotechnology tools [11-13]. The endosperm is a unique tissue and
developed from the fusion product of three haploid nuclei; two polar nuclei and one pollen nucleus, in most
angiosperms, is triploid [14]. With the development of tissue culture techniques, it is now possible to get
embryogenesis from cultured endosperm. This technique enables the production of triploid plants [15, 16].

The successful development of complete plant or plantlet from endosperm culture should be verified by ploidy
level identification. This identification acted as preliminary selection for the targeted triploid plantlets. The process
can be carried out through direct observation on the number of somatic chromosomes and molecular assessment
[17-20], and indirect assessment on the characteristic of stomatal anatomy [21, 22]. The selected plants were further
maintained in the field and induced for flowering to verify seedless traits.

Genetic improvement program of tangerine cv. Siam Madu have been initiated since 2015 and developed
plantlets derived from endosperm culture have been established. The desired improvement is expected on the absent
or decrease on number of seeds, while the other original characters, like sweet taste and easiness of peeling, were
remained unchanged. Cytological and molecular assessments in the study were carried out to verify the ploidy levels
of the putative triploid plantlets and genetic variation among plantlets derived from endosperm cultures.

MATERIALS AND METHODS

The research was conducted from March until June 2017 at the Laboratory of Plant Breeding and Genetic
Resources of the Indonesian Citrus and Subtropical Fruits Research Institute (ICSFRI). The plant materials used
were the population of tangerine cv. Siam Madu derived from endosperm culture, namely SM7, SM9, SM11, SM12,
SM17, SM22, SM23, SM36, SM37, SM38, SM39, SM41, SM42, SM45, SM47, SM49, SM51, SM55, SM56,
SM57, SM58, and SM59. The scion of these plants was grafted into Japansche citroen (JC) rootstocks and optimally
maintained for 16 weeks. The field collection diploid plant, the source of intial endosperm expants, served as the
control.

The Observation of Stomatal Anatomy

The observation of stomatal anatomy was carried out on the stomata located on the abaxial part of fully
expanded leaves [23]. The leaf was traced on a piece of graph paper and the leaf surface area was estimated. The
leaf section (between parallel veins) was painted using clear fingernail polish and allowed the fingernails polish to
completely dry. A piece of clear tape was placed over the dried nail polish and firmly pressed the tape onto the leaf.
The tape was then peeled from the leaf and placed the tape sticky side down onto a microscope slide. The tape
which contained an impression of leaf cells was examined under the light microscope with the 400x magnification.

Chromosome Observation

The observation of chromosome was carried out according to method as described by Kosmiatin ez al. [23]. The
terminal and auxiliary bud flushes were collected in the morning (7.00—8.30 AM local time) and placed in sterile
distilled water. The collected materials were then immersed under 0.002 M 0.8-Hidroxyquinoline for 3—4 h under
5°C. The materials were transferred into 45% acetic acid for 10—15 min under 60°C. After being immersed in acetic
acid, the specimens were put into mixture of hydrochloric acid:acetic acid (3:1, v/v) for 15-20 min under 20°C and
followed in 2% aceto-orcein for 5—10 min. The specimens were then put under glass slides and given 1-2 drops of
2% aceto-orcein. The materials were squashed, covered with glass clips and slightly heated on Bunsen burner. The
preparates were then observed under light microscope (Olympus BX51) the magnification of 1,000%. The targeted
images were then captured using digital evolution LC color camera.

Molecular Observation

Genomic DNA was extracted from 0.5 g young leaves tangerine accessions using CTAB method described by
Jannati et al. [24]. The quality of the DNA samples was checked using 0.8% agarose gel electrophoresis in
0.5x TBE buffer at 100 volts for 30 min. The electrophoresis result was visualized under UV light using BioDoc
analyzer.

Amplification reactions were performed in a 20 pl of FastStart PCR Master (Roche) reaction mixture with 5 uM
of each primer (forward and reverse). The primers used with following sequences were TAA41
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(F: AGGTCTACATTGGCATTGTC, R: ACATGCAGTGCTATAATGAATG), TAALS (F: GAAAGGGTTACT-
TGACCAGGC, R: CTTCCCAGCTGCACAAGC), and CATOl (F: GCTTTCGATCCCTCCACATA, R:
GATCCCTACAATCCTTGGTCC) [25]. After denaturation at 94°C for 4 min, the reaction mixture was subjected
to amplification for 30 cycles consisting of 50 seconds at 94°C, annealing at 51°C for 1 min, and a final extension at
72°C for 10 min. The amplification products were separated by 3% agarose gel electrophoresis in 1x TBE buffer
(89 mM Tris, 89 mM boric acid, and 2 mM EDTA [pH 8.0]). The gel was stained with ethidium bromide (0.8 g/ml)
and visualized under UV light.

RESULTS AND DISCUSSIONS

The observation of the stomata characteristics revealed that the stomatal density, length, and width among the
tested accessions were varied greatly. The lowest stomatal density was observed in SM42 accession, and the highest
ones was in SM11 (Table 1). Accession SM11 also had smaller stomata respected to smaller stomatal length and
width of stomata compared to the rest of tested plants. The highest length and width ratio of stomata was found in
SM56.

TABLE 1. Stomatal density, length, width, and ratio between stomatal length and width of the tested
tangerine cv. Siam Madu accessions derived from endosperm culture.

Stomatal characteristics

Accessions Density Length Width Ratio of stomatal length
(unit/mm) (nm) (pm) and width
SM7 4.86 218.04 168.6 1.29
SM9 8.15 164.65 136.39 1.21
SM11 13.81 118.92 111.85 1.06
SM12 9.04 181.08 158.40 1.14
SM17 10.93 160 120.41 1.33
SM22 5.79 230.21 178.52 1.28
SM23 8.53 185.68 145.56 1.22
SM36 6,19 166.7 136.56 1.21
SM37 8.54 179.8 148.46 1.14
SM38 9.58 143.87 126.19 1.37
SM39 7.17 149.95 109.06 1.29
SM41 8.1 171.33 133.04 1.29
SM42 4.28 214.11 165.47 1.27
SM45 13.14 139.59 198.88 1.23
SM47 6.79 152.07 123.54 1.28
SM49 11.76 143.85 112.1 1.19
SM51 5.65 154.3 129.97 1.29
SMS55 9 139.86 108.33 1.18
SM56 9.04 157.08 133.44 1.38
SMS57 6.58 162.05 117.43 1.28
SM58 9.98 132.51 103.43 1.24
SM59 12.06 143.38 115.98 1.24

The ploidy level of the tested tangerine cv. Siam Madu accessions derived from endosperm culture also varied
which had haploid, diploid, and triploid chromosome structures with somatic diploid accounted for 18 chromosomes
(Table 2 and Fig. 1). The incidence was putatively resulted from the nucellar embryo contamination during
endosperm cultures [23].
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TABLE 2. Number of chromosomes of the tested tangerine cv. Siam Madu accessions derived

from endosperm culture.

Accession Chromosome Accession Chromosome
number number
SM 7 18 SM 39 27
SM 8 27 SM 41 27
SM 9 18 SM 43 18
SM 10 27 SM 45 18
SM 11 18 SM 47 27
SM 12 27 SM 49 18
SM 17 27 SM 51 27
SM 18 27 SM 54 18
SM 23 9 SM 56 27
SM 35 18 SM 57 27
SM 36 27 SM 58 18
SM 37 18 SM 59 18
SM 38 27 Control 18
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FIGURE 1. Variation on ploidy levels: (a) haploid (2n =9), (b) diploid (2n = 18), and (c¢) triploid (2n = 27) of tangerine (Citrus
nobilis Lour.) cv. Siam Madu derived from endosperm culture (1,000x magnification).

Among the tested tangerine cv. Siam Madu accessions, 13 accessions were observed triploid (2n = 3x = 27), i.e.
of SM8, SM10, SM12, SM17, SM18, SM36, SM38, SM39, SM41, SM47, SM51, SM56, and SM57 (Fig. 2). Eleven
accessions (SM7, SM9, SM11, SM35, SM37, SM43, SM45, SM49, SM54, SM58, and SM59) were diploid
(2n = 2x = 18) and one accession (SM 23) was counted as a haploid (2n = x = 9) plant.

Molecular assessment on tangerine cv. Siam Madu accessions using SSR primers of TTTA41, TAA1S, and
CATOI was presented in Figs. 3, 4, and 5. According to Jannati et al. [24], these primers were able to identify 12
alleles with DNA fragment size ranged in 100-300 bp. The average number of alleles that appeared was 2 at the size
of 100-200 bp, but in the accessions of SM 18, SM 47, SM 49, SM51, and SM 54 only one allele appeared at one
locus (Fig. 3).
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FIGURE 2. Chromosomal variability of tangerine cv. Siam Madu derived endosperm culture from triploid (2n = 3x = 27)
accessions (1,000 magnifications).
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FIGURE 3. DNA amplification of tested tangerine cv. Siam Madu accessions using primer TAA41.
M =100 bp DNA ladder, 7-59 = tangerine accessions, K = control.
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FIGURE 4. DNA amplification of tested tangerine cv. Siam Madu accessions using primer TAA1S.
M = 100 bp DNA ladder, 7-59 = tangerine accessions, K = control.
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FIGURE 5. DNA amplification of tested tangerine cv. Siam Madu accessions using primer CATO1.
M =100 bp DNA ladder, 7-59 = tangerine accessions, K = control.

The desired ideotype from the triploid plant derived from endosperm culture is seedless fruit with the other
original fruit characters remained the same with diploid plant (control). Variation on the number of alleles based on
primer TAA41 indicated that aside from the internal variation among the triploids, the accessions also had close
relationships (similarity) with the original diploid plant (Table 3).
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TABLE 3. Number of alleles amplified by primers on triploid tangerine cv. Siam Madu derived from
endosperm culture.

. Number of Number of amplified alleles
Accession Remarks
chromosome TAA15 TAA41 CATO1

SM 8 27 2 2 2 N
SM 10 27 2 2 2 \
SM 12 27 2 2 2 \
SM 17 27 2 2 2 \
SM 18 27 2 1 2 -
SM 36 27 2 2 2 \
SM 38 27 2 2 2 \
SM 39 27 2 2 2 \
SM 41 27 2 2 2 \
SM 47 27 2 1 2 -
SM 51 27 2 , b )
SM 56 27 2 2 2 \
SM 57 27 2 2 2 \
Control 18 2 2 2 \

+ = identical with diploid, - = non-identical with diploid.

Mother cell of endosperm is originated from the fusion process of one pollen nucleus and two polar nuclei. In
some citrus species, the development of endosperm cells is also accompanied by the nucellar tissues formation [22],
which is originally diploid and haploid antipodal cell [25]. The endosperm culture resulted variation ploidy levels,
usually haploid, diploid, and triploid, since naturally the endosperm tissues might contain cells with different ploidy
levels [23]. Similar findings were also reported on the endosperm culture of Azadirachta indica. Endosperm culture
of these plant produced 66% triploid (2n = 3x = 36) and 34% diploid (2n = 2x = 24) regenerants [26]. On parsley,
viable regenerants derived from endosperm culture produced mostly diploid, while on Diospyros kaki, endosperm
culture gave 60% dodecaploid (2n = 12x) and 40% hexaploid plants [27].

The nucleus of tangerine endosperm resulted from double fertilization process is nuclear endosperm. During
mitotic division, the cytokinesis process is not directly accompanied by cell wall formation. The cellularization
proceeded gradually, thus the development of endosperm cells were not uniform. The variation on the
developmental stage of endosperm cells served as the nourishing cells for the embryo [28]. Similar findings were
also reported by Kosmiatin et al. [25], that high variability of embryogenic callus formation was observed on the
endosperm culture of tangerine cv. Siam Madu. The different cell growths reflected various developmental fates of
endosperm cells, thus give different responses to the provided media formulation. The different growth response
might also be resulted from nucellar proembryo and antipodal cells that incidentally included on the endosperm
isolation and cultures [29].

Genetic variabilities reflected from DNA amplification of the tangerine cv. Siam Madu derived from endosperm
culture indicated the putative occurrence of somaclonal variation during in vitro culture. During the culture, actually
the use of variation-inducing substances had been reduced to avoid the presence of variation. These included the
application of growth regulator was only in callus induction stage. On further development stages, regeneration
process was carried out by regular deflasking of the propagules onto free-hormone media. The initial explants were
also derived from the same protocols, the triploid control plants. The existing variation was then probably resulted
from other uncontrollable factors like the indigenous features of diploid parental where the triploids produced.

In line with these putative causes, Hoshino ez al. [30] stated that endosperm genome was structured from
maternal and paternal genomes with the proportion of 2:1. This allelic variation would affect gene expression of the
genotypes derived from endosperm cultures. Tangerines are commonly heterozygous plants [31] and consequently,
the progenies from sexual reproduction would also be varied even they were produced from self-pollination. The
variation due to heterozygous characteristics of the initial diploid plants might induce variation on the derived-
triploid endosperm plants and expressed on the grafted/top working plants of the scion-triploid plants.
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CONCLUSION

The stomatal density, length, width, and the rasio between stomatal length and width were varied among the
tested accessions. Among the tested tangerine cv. Siam Madu accessions, 13 accessions were observed to have
triploid, 11 accessions were diploid, and one accession was haploid plant based on the cytological analysis.
Molecular characterization using SSR primer TTTA41 resulted in five accessions (SM18, SM47, SM49, SM51, and
SM54) which showed polymorphic bands compared to the control indicating genetic variation of the said accessions
from the control.
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