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RINGKASAN

RAHMAT IRVAN TAURIQ. Keragaman Genetik Bawang Merah (Allium cepa
L.) Lokal di Indonesia Berdasarkan Marka Molekuler Inter-Simple Sequence
Repeat. Dibimbing oleh MIFTAHUDIN dan TATIK CHIKMAWATI.

Bawang merah (A4llium cepa L.) merupakan komoditas hortikultura strategis
di Indonesia dengan permintaan yang terus meningkat, tetapi produksi domestik
cenderung menurun sehingga memerlukan strategi pemuliaan untuk menghasilkan
varietas unggul yang adaptif dan produktif. Pemahaman keragaman genetik
menjadi dasar penting dalam perakitan varietas, namun informasi mengenai
bawang merah lokal masih terbatas. Penelitian ini menggabungkan analisis
karakter morfologi dan marka molekuler Inter Simple Sequence Repeat (ISSR)
untuk mengevaluasi 57 aksesi bawang merah dari berbagai daerah di Indonesia.
Marka morfologi digunakan untuk mengidentifikasi perbedaan fenotipe,
sedangkan ISSR dipilih karena konsistensi dan kemampuannya membedakan
genotipe secara akurat tanpa dipengaruhi faktor lingkungan. Pendekatan terpadu
ini bertujuan menghasilkan informasi kekerabatan dan variabilitas genetik yang
komprehensif, yang akan mempermudah seleksi genotipe potensial sebagai tetua
dalam program pemuliaan dan mendukung pelestarian plasma nutfah bawang
merah lokal.

Penelitian ini dilaksanakan pada bulan November 2024 sampai dengan
Maret 2025. Sebanyak 57 aksesi bawang merah dalam bentuk umbi dikoleksi dari
beberapa daerah di Indonesia. Sebanyak 18 karakter morfologi dan agronomi
diamati dalam penelitian ini. Analisis keragaman genetik dilakukan menggunakan
marka Inter Simple Sequence Repeat (ISSR). DNA total diisolasi menggunakan
metode CTAB, kemudian dilakukan amplifikasi PCR dengan 17 primer ISSR.
Data karakter morfologi dinilai sebagai data multistate, sedangkan data molekuler
dinilai sebagai data binari dan ditabulasi dalam bentuk matriks. Selanjutnya,
analisis data morfologi dan molekuler dilakukan menggunakan program NTSYs,
sedangkan analisis struktur genetika populasi dilakukan dengan menggunakan
program GenAlex.

Analisis terhadap 57 aksesi bawang merah lokal menunjukkan adanya
keragaman morfologi pada 18 karakter agronomi. Tinggi tanaman berkisar 21,84
— 48,96 cm, jumlah daun berkisar antara 13 (Solok, Sumatera Barat) hingga 47
helai (Probolinggo, Jawa Timur), sedangkan umur panen bervariasi 60-70 hari
setelah tanam (HST) dengan rata-rata 65 HST. Jumlah siung per umbi tercatat 2-
15 siung, panjang umbi 2,-3,8 cm, diameter umbi 2,1-4,1 cm, dan bobot basah
umbi tertinggi mencapai 90,03 g/rumpun pada aksesi Probolinggo. Analisis gugus
dan konstruksi dendrogram memperlihatkan adanya klasterisasi morfologi yang
jelas, meskipun tidak selalu sesuai dengan asal geografis. Hasil ini
mengindikasikan adanya plastisitas fenotipik dan pengaruh lingkungan terhadap
ekspresi sifat.

Keragaman genetik berdasarkan marka ISSR menunjukkan nilai persentase
lokus polimorfik tinggi (PLP 63,35-98,76%; dengan rata-rata 82,13%), jumlah
alel teramati (N,) 1,36-1,97, jumlah alel efektif (N,) 1,43-1,55, indeks Shannon (/)
0,36-0,50, dan rata-rata heterozigositast yang diharapkan (H.) 0,25-0,33.



Keseluruhan parameter ini menegaskan keragaman genetik yang moderat hingga
tinggi pada populasi bawang merah lokal. Variasi genetik di dalam populasi (98%)
lebih tinggi dari antar populasi (2%), dengan PhiPT 0,020 (p > 0,05),
mengindikasikan diferensiasi genetik yang lemah.

Secara keseluruhan, hasil ini membuktikan bahwa plasma nutfah bawang
merah lokal Indonesia memiliki keragaman morfologi dan genetik tinggi yang
penting untuk program pemuliaan dan konservasi. Aksesi asal Lembang, Jawa
Barat (CKL1) (jumlah umbi terbanyak), aksesi asal Probolinggo, Jawa Timur
{WNH) (bobot umbi terberat), dan varietas Batu Ijo asal Jawa Tengah (BTU)
{ukuran umbi terpanjang) menunjukkan keunggulan morfologi yang berbeda,
sehingga menggambarkan adanya variasi fenotipe yang jelas antar genotipe
tersebut yang mencerminkan keragaman genetik bawang merah lokal. Aksesi
vang memiliki morfologi spesifik seperti CKL1, WNH, dan BTU dapat
disilangkan dengan aksesi yang berjarak genetik jauh dan memiliki karakter unik
sehingga dapat menghasilkan kombinasi sifat agronomis yang unggul. Hibridisasi
antara aksesi berdaya hasil tinggi dengan aksesi yang berjarak genetik tinggi
diharapkan dapat memaksimalkan efek heterosis.

Kata Kunci: aksesi unggul, bawang merah, genetik, ISSR, morfologi, umbi



SUMMARY

RAHMAT IRVAN TAURIQ. Genetic Diversity of Local Shallot (Allium cepa L.)
in Indonesia Based on Inter-Simple Sequence Repeat Markers. Supervised by
MIFTAHUDIN and TATIK CHIKMAWATI.

The shallot (Allium cepa L.) is a strategic horticultural commodity in
Indonesia with continuously increasing demand. At the same time domestic
production tends to decline, thereby necessitating breeding strategies to develop
adaptive and high-yielding cultivars. Understanding genetic diversity is a
fundamental prerequisite for varietal improvement; however, information on local
shallot germplasm remains limited. This study integrates morphological
characterization and Inter-Simple Sequence Repeat (ISSR) molecular markers to
evaluate 57 shallot accessions collected from different regions of Indonesia.
Morphological markers were used to identify phenotypic variation, whereas ISSR
was selected for its reliability and ability to distinguish genotypes accurately
without environmental influence. This integrated approach aimed to generate
comprehensive information on genetic relationships and variability, thereby
facilitating the selection of potential genotypes as parental lines in breeding
programs and supporting the conservation of local shallot germplasm.

The research was conducted from November 2024 to March 2025 using 57
shallot accessions in the form of bulbs collected from multiple regions in
Indonesia. A total of 18 morphological and agronomic traits were assessed.
Genetic diversity analysis was performed using ISSR markers. Total DNA was
isolated using the CTAB method, followed by PCR amplification with 17 ISSR
primers using MasterMix. PCR products were separated on 1% agarose gel,
visualized under UV light, and documented with a digital camera. Morphological
data were scored into multistate data, while molecular data were tabulated into a
binary matrix. Statistical analyses were carried out using NTSYs, and population
genetic structure was analyzed with GenAlIEx.

Analysis of 57 local shallot accessions revealed high morphological
diversity across 18 agronomic characters. Plant height ranged from 21.84 to 48.96
cm, and the number of leaves varied between 13 (Solok, West Sumatra) and 47
(Probolinggo, East Java). Harvest time ranged from 60 to 70 days after planting
(DAP), with an average of 65 DAP. The number of cloves per bulb was recorded
at 2-15, bulb length at 2.0-3.8 cm, and bulb diameter at 2.1-4.1 cm. The highest
fresh bulb weight reached 90.03 g/clump in the Probolinggo accession. Cluster
analysis and dendrogram construction showed clear morphological clustering,
though not always congruent with geographical origin. This suggests the presence
of phenotypic plasticity and environmental influence on trait expression.

Genetic diversity, assessed using ISSR markers, showed a high percentage
of polymorphic loci (PPL) ranging from 63.35 to 98.76% (average 82.13%). The
observed number of alleles (Na) ranged from 1.36 to 1.97, the effective number of
alleles (Ne) from 1.43 to 1.55, the Shannon index (/) from 0.36 to 0.50, and the
expected heterozygosity (He) from 0.25 to 0.33. All these parameters confirm
moderate to high genetic diversity within the local shallot population.Genetic
variation within populations (98%) was significantly higher than the variation



among populations (2%), with a PhiPT value of 0.020 (p > 0.05), indicating weak
genetic differentiation.

Overall, these findings prove that Indonesian local shallot germplasm
possesses high morphological and genetic diversity, which is crucial for breeding
and conservation programs. Accessions from Lembang, West Java (CKLI)
thighest number of bulbs), Probolinggo, East Java (WNH) (heaviest bulb weight),
and Batu [jo variety from Central Java (BTU) (longest bulb) showed distinct
morphological superiority, reflecting clear phenotypic variation among
populations and underpinning the genetic diversity of local shallots. Other unique
characteristics that hold potential as parents due to their relatively large genetic
distance include the accessions from Rasanae, West Nusa Tenggara (RSE1 and
RSE2), which exhibit white and yellowish-brown bulb skin and flesh. These
accessions, with their unique traits and significant genetic distance, are valuable
for introducing new characteristics through hybridization. Specifically, accessions
with specific superior morphological traits (CKL1, WNH, and BTU) can be cross-
bred with accessions of large genetic distance and unique characteristics to
potentially generate combinations of superior agronomic traits. Hybridization
between high-yielding accessions and those with high genetic distance is expected
to maximize the heterosis effect.

Keywords: Excellent Accession, Shallot, Genetic, ISSR, Morphology, Bulb
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