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RINGKASAN

MALIK NURIS SU’AIDI. Stabilitas Karakter Morfo-fisiologi, Karakter Produksi,
dan Ekspresi Gen FBPase pada Kentang (Solanum tuberosum L.) Kultivar IPB-
CP3 Transgenik. Dibimbing oleh MIFTAHUDIN dan ARIS TJAHJOLEKSONO.

Kentang menjadi salah satu komoditas pertanian yang penting setelah padi
dan gandum dalam pemenuhan kebutuhan pangan masyarakat Indonesia. Sistem
pemupukan yang kurang optimal, irigasi yang tidak memadai, musim tanam yang
tidak menentu, serta kondisi air tanah yang kurang baik berkontribusi terhadap
penurunan produksi umbi kentang hingga 16,99% pada tahun 2023. Perbaikan sifat
fotosintesis tanaman kentang dengan introduksi gen FBPase melalui pendekatan
rekayasa genetika dinilai dapat meningkatkan hasil produksi umbi kentang.
Peningkatan ekspresi gen FBPase di kloroplas akan mendukung proses fotosintesis
yang mengarah kepada pembentukan pati. Introduksi gen FBPase dan CIRanl ke
dalam kentang kultivar IPB-CP3 melalui Agrobacterium tumefaciens diketahui
dapat meningkatkan pertumbuhan dan perkembangan pada kentang transgenik
generasi klonal Go. Namun, analisis lebih lanjut tentang stabilitas karakter morfo-
fisiologi, karakter produksi, dan ekspresi transgen pada generasi Gi belum
dilakukan. Tujuan penelitian ini menganalisis stabilitas karakter morfo-fisiologi,
karakter produksi, dan ekspresi gen FBPase pada tanaman kentang IPB-CP3
transgenik. Penelitian ini terdiri dari lima tahapan yaitu, 1) perbanyakan kentang
secara in vitro dan stek; 2) penanaman stek dan umbi pada polybag di rumah kaca;
3) analisis integrasi transgen; 4) pengamatan morfo-fisiologi; dan 5) analisis
ekspresi gen FBPase.

Satu klon tanaman kentang non-transgenik IPB-CP3 (C3NT) dan 4 klon
tanaman transgenik, yaitu C3FB1, C3FB2, C3FB3, dan C3FB4 diperbanyak secara
in vitro pada media Murashige & Skoog (MS). Planlet yang dihasilkan kemudian
dipindahkan ke bak berisi media cocopeat di rumah kaca untuk aklimatisasi dan
pembuatan tanaman mother stock. Stek dari tanaman mother stock digunakan
sebagai bahan percobaan generasi Go yang ditanam di polybag dalam rumah kaca.
Umbi yang dihasilkan dari tanaman Go kemudian digunakan sebagai bibit generasi
G1 yang ditanam kembali di polybag untuk percobaan selanjutnya. Sampel daun
dari tanaman Go diambil dan digunakan sebagai bahan isolasi DNA untuk uji
integrasi transgen menggunakan teknik PCR. Pengamatan morfo-fisiologi yang
meliputi tinggi tanaman, diameter batang, jumlah daun, jumlah buku, panjang akar,
laju fotosintesis, konduktansi stomata, dan CO: interselular dilakukan terhadap
tanaman Go dan Gi. Perhitungan biomassa basah dan kering tajuk, jumlah umbi,
dan bobot umbi per tanaman juga diamati pada saat panen. Analisis ekspresi relatif
dari gen FBPase dilakukan terhadap tanaman Go dan G: menggunakan metode 2°
AACt

Analisis integrasi gen FBPase diperoleh pada generasi Go menggunakan
metode PCR menunjukkan bahwa transgen FBPase telah terintegrasi ke dalam
genom kentang IPB-CP3 transgenik. Hasil pengamatan terhadap karakter morfologi
generasi GO dan G1 menunjukkan bahwa tanaman transgenik lebih baik daripada
non-transgenik dalam hal diameter batang, jumlah buku, jumlah daun, bobot kering
dan basah tajuk. Hasil analisis fisiologis menunjukkan bahwa tanaman transgenik
lebih baik daripada non-transgenik dalam hal laju fotosintesis dan konduktansi



stomata. Pengamatan terhadap akar memperoleh data bahwa 3 dari 4 klon
transgenik memiliki akar yang lebih panjang di kedua generasi dibandingkan
{anaman non-transgenik. Hasil penelitian ini menunjukkan semua tanaman
transgenik menghasilkan jumlah umbi yang lebih tinggi 1,3 hingga 3 kali lipat
dibandingkan tanaman non-transgenik pada kedua generasi. Analisis statistik
menunjukkan bahwa peningkatan jumlah umbi tersebut signifikan secara statistik
£0=0,05). Klon C3FB3 dan C3FB4 memiliki jumlah umbi tertinggi dibandingkan
tanaman non-transgenik serta tanaman transgenik lainnya. Bobot umbi tanaman
transgenik Go lebih tinggi 2 hingga 4 kali lipat dibandingkan tanaman non-
fransgenik, sedangkan umbi generasi G: transgenik menghasilkan umbi kurang dari
2 Kali lipat dibandingkan non-transgenik. Klon C3FB3 dan C3FB4 secara konsisten
fenunjukkan bobot umbi tertinggi di generasi Go maupun Gi. Nilai ekspresi relatif
gari gen FBPase pada tanaman transgenik lebih tinggi dibandingkan tanaman non-
transgenik di kedua generasi. Nilai ekspresi relatif tertinggi ditemukan pada klon
©3FB4. Hal ini mengkonfirmasi bahwa peningkatan ekspresi gen FBPase pada
fanaman transgenik berkontribusi terhadap peningkatan nilai karakter morfo-
fisiologi dan karakter produksi pada tanaman kentang IPB CP3 transgenik.

Kata kunci: ekspresi gen, gen FBPase, kentang IPB-CP3, stabilitas gen, transgenik



SUMMARY

MALIK NURIS SU’AIDI. Stability of Morpho-physiological Characteristics,
Yield Characteristics, and FBPase Gene Expression in Transgenic Potato (Solanum
tuberosum L.) Cultivar IPB-CP3. Supervised by MIFTAHUDIN and ARIS
TJAHJOLEKSONO.

Potatoes are one of the important agricultural commodities, after rice and
wheat, that meet the food needs of the Indonesian people. Suboptimal fertilization
systems, inadequate irrigation, erratic planting seasons, and poor groundwater
conditions contribute to a decrease in potato tuber production of up to 16.99% in
2023. Improvement of the photosynthetic characteristics of potato plants by
introducing the FBPase gene through a genetic engineering approach is likely to
increase potato tuber production. Increasing FBPase gene expression in
chloroplasts will support photosynthesis, leading to starch formation. Introducing
FBPase and CIRanl genes into the IPB-CP3 potato cultivar mediated by
Agrobacterium tumefaciens has been known to increase growth and development
in Go clonal generation transgenic potatoes. However, further analysis of the
stability of morpho-physiological characters, yields characters, and transgene
expression in the Gi generation has not been carried out. This study aimed to
analyze the stability of morpho-physiological characters, yields characters, and
FBPase gene expression in transgenic IPB-CP3 potato plants. This study consisted
of five stages, namely, 1) in vitro potato propagation and cuttings; 2) planting
cuttings and tubers in polybags in a greenhouse; 3) transgene integration analysis;
4) morpho-physiological observation; and 5) FBPase gene expression analysis.

One non-transgenic potato clone IPB-CP3 (C3NT) and four transgenic plant
clones, namely C3FB1, C3FB2, C3FB3, and C3FB4 were used in this study. The
clones were in vitro propagated on Murashige & Skoog (MS) media. The resulting
plantlets were transferred to a tub containing cocopeat media in a greenhouse to
acclimate and create mother-stock plants. Cuttings from mother stock plants were
used as experimental materials for the Go generation planted in polybags in a
greenhouse. Tubers produced from Go plants were then used as G1 generation seeds
and replanted in polybags for further experiments. Leaf samples from Gy plants
were taken and used as DNA isolation materials for transgene integration tests using
the PCR technique. Morpho-physiological observations, including plant height,
stem diameter, number of leaves, number of nodes, root length, photosynthesis rate,
stomatal conductance, and intercellular CO>, were carried out on Go and G plants.
Calculation of fresh and dry biomass of the shoot, number of tubers, and tuber
weight per plant were also observed at harvest time. Relative expression analysis
of the FBPase gene was conducted on Go and G plants using the 222t method.

Analysis of FBPase gene integration obtained in the Go generation using the
PCR method showed that the FBPase transgene had been integrated into the
genome of the transgenic IPB-CP3 potato. The observations on the morphological
characters of the Go and G1 generations showed that transgenic plants were better
than non-transgenic plants in terms of stem diameter, number of nodes, number of
leaves, and dry and fresh weight of the shoot. The results of the physiological
analysis showed that transgenic plants were better than non-transgenic plants in
terms of photosynthesis rate and stomatal conductance. Observations on the roots
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ghowed that three of the four transgenic clones had longer roots in both generations
than non-transgenic plants.

This study showed that all transgenic plants produced more tubers, 1.3 to 3
es more than non-transgenic plants in both generations. Statistical analysis
ywed that the increase in tubers was statistically significant (o = 0.05). Clones
FB3 and C3FB4 had the highest number of tubers compared to non-transgenic
nts and other transgenic plants. The tuber weight of Go transgenic plants was 2
1 times higher than non-transgenic plants, while the tubers of the transgenic G1
eration produced tubers less than 2 times compared to non-transgenic plants.
nes C3FB3 and C3FB4 consistently showed the highest tuber weight in both Go
| G1 generations. The relative expression value of the FBPase gene in transgenic
nts was also higher than in non-transgenic plants in both generations. The highest
ative expression value was found in clone C3FB4. This research confirms that

increase in FBPase gene expression in transgenic plants contributes to the
rease in morpho-physiological character values and yields characters in
sgenic IPB-CP3 potato plants.
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ords: FBPase gene, gene expression, gene stability, IPB-CP3 potato,
transgenic
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