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umbi pertanaman sebanyak 4,7 dan 3,9 dan jumlah umbi pertanaman non transgenik 

sebanyak 2,8.  Klon CP1S5 dan CP1S6 memiliki kemampuan toleransi yang lebih 

baik diantara klon transgenik dan non transgenik lainnya berdasarkan respon 

morfologi dan fisiologi terhadap cekaman abiotik. 

Penelitian bagian ketiga adalah ekspresi gen dan aktivitas antioksidan selama 

perlakuan cekaman abiotik. Secara umum, semua tanaman transgenik memiliki 

ekspresi gen MmCuZn-SOD yang lebih tinggi dibandingkan dengan tanaman non 

transgenik pada kondisi tanpa perlakuan dan cekaman. Pada kondisi normal, CP1S5 

memiliki ekspresi 12 kali dan CP1S6 memiliki ekspresi 24 kali lebih tinggi 

dibandingkan dengan non transgenik. Pada perlakuan cekaman kekeringan, klon 

CP1S5 memiliki ekspresi 9 kali dan CP1S6 memiliki ekspresi 13 kali lebih tinggi 

dibandingkan non transgenik. Pada kondisi cekaman pH rendah, klon CP1S5 

memiliki ekspresi yang lebih stabil yaitu sebanyak 12,3 kali dan CP1S6 memiliki 

ekspresi 15 kali lebih tinggi dibandingkan non transgenik. Selain itu, semua 

tanaman transgenik juga memiliki aktivitas enzim yang lebih tinggi dibandingkan 

dengan tanaman non transgenik. Pada cekaman kekeringan, CP1S6 memiliki 

aktivitas enzim SOD sebesar 19 U/mg protein dan katalase 11 U/mg protein. Pada 

perlakuan pH rendah, CP1S5 memiliki aktivitas enzim SOD sebesar 20 

U/mg.protein dan katalase 8 U/mg protein. Pada cekaman suhu tinggi, CP1S5 

memiliki aktivitas enzim SOD sebesar 11 U/mg protein dan katalase 5,5 U/mg 

protein. Klon CP1S5 dan CP1S6 memiliki tingkat ekspresi MmCuZn-SOD dan 

aktivitas enzim SOD dan CAT lebih tinggi dibandingkan dengan tanaman lainnya 

pada kondisi cekaman abiotik. 

Penelitian bagian keempat adalah analisis potensi daya hasil klon tanaman 

transgenik pada generasi klonal G0 dan G1. Hasil menunjukkan bahwa, klon 

tanaman transgenik memiliki potensi produksi yang tinggi dibandingkan dengan 

CP1 non transgenik. Klon CP1S6 pada generasi klonal G0 memiliki potensi 

produksi sebanyak 0,45 ton/ha, sedangkan CP1 non transgenik sebanyak 0,29 

ton/ha. Pada generasi klonal G1, klon CP1S6 memiliki potensi produksi sebanyak 

1,85 ton/ha, sedangkan non transgenik sebanyak 1,73 ton/ha. Klon tanaman IPB 

CP1 transgenik memiliki potensi produksi yang lebih baik dibandingkan dengan 

tanaman non transgenik untuk skala yang lebih besar.  

Studi ini memberikan gambaran tentang pengaruh ekspresi gen MmCuZn-

SOD pada tanaman kentang transgenik yang mampu meningkatkan toleransi 

tanaman kentang dengan mempertahankan nilai laju fotosintesis, konduktansi 

stomata, laju transpirasi serta pertumbuhan dan perkembangan tanaman pada saat 

terpapar cekaman kekeringan, pH rendah, dan suhu tinggi. Gen MmCuZn-SOD 

memiliki kontribusi dalam mempertahankan produksi umbi dan berbagai respon 

morfologi dan fisiologi pada kondisi tersebut. 

Penelitian ini diharapkan dapat berkontribusi terhadap pengetahuan tentang 

peran gen MmCuZn-SOD dalam meningkatkan toleransi terhadap cekaman abiotik 

secara simultan. Penggunaan kentang transgenik dengan memanfaatkan rekayasa 

genetik terhadap jalur ROS dapat meningkatkan ketahanan tanaman tanpa 

mengorbankan produktivitas. Penggunaan klon transgenik yang toleran cekaman 

abiotik dapat memenuhi kebutuhan permintaan masyarakat untuk kentang industri. 

Kata kunci: daya hasil, kentang keripik, respon fisiologi dan morfologi, RT-qPCR, 

stabilitas gen 



  

SUMMARY 

MUSAWIRA. Tolerance Response of Potato (Solanum tuberosum L.) Cv. IPB CP1 

Transgenic Expressing MmCuZn-SOD Gene to Abiotic Stresses. Supervised by 

MIFTAHUDIN, ARIS TJAHJOLEKSONO, and HAMIM. 

Potatoes (Solanum tuberosum L.) are an essential horticultural commodity, 

significantly contributing to food security. However, potato productivity is highly 

affected by abiotic stresses such as drought, acidic soils, and high temperatures, 

which lead to physiological disorders and reduced crop yields. Several efforts to 

enhance potato resistance to environmental stress have been focusing on genetic 

engineering, specifically by introducing tolerant genes, such as the superoxide 

dismutase (SOD) gene, into the potato genome. The cultivar IPB CP1 is a local 

potato variety commonly used to produce raw material for potato chip industry. 

Previous studies have successfully generated transgenic IPB CP1 that express the 

MmCuZn-SOD gene and analyzed them by in vitro. This study aimed to evaluate 

the tolerant of these transgenic IPB CP1 to various abiotic stresses, including 

drought, low pH, and high temperature. Specifically, the objectives are to: (1) 

analyze the stability of MmCu/Zn-SOD transgenes in the G1 clonal generation, (2) 

evaluate transgenic clones that are tolerant to drought, low pH, and high 

temperature stress, (3) quantitatively analyze the expression of MmCu/Zn-SOD 

genes in each clone of transgenic IPB CP1 using RT-qPCR, and (4) analyze the 

potential yield of transgenic IPB CP1 potato plants.. 

The first part of the study focused on analyzing the stability of the MmCuZn-

SOD gene insertion in the genomes of G0 and G1 generation potato clones. PCR 

analysis of the actin gene in both transgenic and non transgenic plants demonstrated 

that the DNA from all samples was suitable for stability analysis. The integration 

of the MmCuZn-SOD gene was evaluated using specific primers based on the 

MmCuZn-SOD gene sequence, resulting in the amplification of a 633 bp fragment 

in all transgenic plants. This size matched the control amplicons derived from the 

pGWB5-MmCuZn-SOD plasmid. These findings indicate that the transgenic IPB 

CP1 plants exhibit stability in the MmCuZn-SOD gene insertion, which is passed 

down from the G0 generation to the G1 generation. 

The second part of the research was to analyze the morphological and 

physiological responses of transgenic IPB CP1 plants to abiotic stresses, namely 

drought stress, low pH, and high temperature. Drought stress significantly increased 

growth and development, biomass, photosynthesis and transpiration rates, 

chlorophyll content, and tuber yield production and decreased malondialdehyde 

(MDA) levels in transgenic plants. The same thing was followed by low pH and 

high temperature stress treatments. In the drought stress treatment, the number of 

tubers per plant of CP1S5 and CP1S6 clones was 6,3 each, and the number of tubers 

per non transgenic plant was 3,3. The low pH treatment of the two transgenic clones 

resulted in the number of tubers per plant of 4.7 and 5, respectively, and the number 

of tubers per non transgenic plant of 3. The high temperature treatment of the two 

transgenic clones resulted in the number of tubers per plant of 4,7 and 3,9, 

respectively, and the number of tubers per non transgenic plant of 2,8.  Clones 

CP1S5 and CP1S6 have better tolerance ability among other transgenic and non 



transgenic clones based on morphological and physiological responses to abiotic 

stress. 

The third part of the study was gene expression and antioxidant activity 

during abiotic stress treatment. In general, all transgenic plants had higher 

expression of MmCuZn-SOD gene compared with nontransgenic plants under 

untreated and stress conditions. Under normal conditions, CP1S5 had 12 times 

higher expression and CP1S6 had 24 times higher expression compared to 

nontransgenic plants. Under drought stress treatment, clone CP1S5 had an 

expression 9 times and CP1S6 had an expression 13 times higher than the non 

transgenic. Under low pH stress conditions, clone CP1S5 had a more stable 

expression of 12.3 times and CP1S6 had a 15 times higher expression than non 

transgenic. In addition, all transgenic plants also had higher enzyme activity 

compared to non transgenic plants. Under drought stress, CP1S6 had SOD enzyme 

activity of 19 U/mg protein and catalase 11 U/mg protein. In low pH treatment, 

CP1S5 has SOD enzyme activity of 20 U/mg.protein and catalase 8 U/mg protein. 

At high temperature stress, CP1S5 had SOD enzyme activity of 11 U/mg protein 

and catalase 5.5 U/mg protein. Clones CP1S5 and CP1S6 had higher levels of 

MmCuZn-SOD expression and SOD and CAT enzyme activities compared to other 

plants under abiotic stress conditions. 

The fourth part focused on analyzing the yield potential of transgenic crop 

clones in the G0 and G1 clonal generations. The results indicated that the transgenic 

crop plant clones have a production potential comparable to that of the non-

transgenic clone CP1. In the G0 clonal generation, CP1S6 has a production 

potential of 0,45 tons/ha while the non transgenic CP1 is 0,29 tons/ha. In the G1 

clonal generation, the CP1S6 has a production potential of 1,85 tons/ha while the 

non transgenic is 1,73 tons/ha. The transgenic IPB CP1 plant clones demonstrate 

superior production potential than non transgenic for large-scale cultivation. This 

advantage is attributed to their overexpression of the SOD gene, which enhances 

their tolerance to various environmental conditions. 

This study examines the impact of the MmCuZn-SOD gene expression in 

transgenic potato plants, highlighting its role in improving stress tolerance. The 

gene helps maintain photosynthetic rates, stomatal conductance, transpiration rates, 

and overall plant growth and development under conditions of drought, low pH, 

and high temperatures. Additionally, the MmCuZn-SOD gene contributes to 

sustaining tuber yield and supports various morphological and physiological 

responses during these adverse environmental conditions. 

This study contributes to the role of SOD gene expression in simultaneously 

increasing tolerance to abiotic stress. Transgenic potato used by utilizing genetic 

engineering against the ROS pathway can increase plant resistance without 

sacrificing productivity. The use of tolerant transgenic clones can meet the needs 

of public demand for industrial potatoes. 

Keywords: chip potato, gene stability, morphological and physiological responses, 

RT-qPCR, yield potential 
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