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RINGKASAN 

WILHELMUS TERANG ARGA SANJAYA. “Konstruksi Tebu (Saccharum 
officinarum L.) Rendemen Tinggi Melalui Pembungkaman Gen Cell Wall Invertase 
(cwinv9)”. Dibimbing oleh DWI ANDREAS SANTOSA, DIDY SOPANDIE, 
GIYANTO. 
 

Indonesia merupakan negara importir gula terbesar di dunia dalam 5 tahun 
terakhir. Tuntutan pemenuhan kebutuhan gula nasional semakin meningkat seiring 
dengan pertumbuhan penduduk dan pertumbuhan ekonomi nasional. Meskipun 
upaya peningkatan produksi gula nasional telah dilakukan melalui program 
ekstensifikasi lahan tebu dan revitalisasi pabrik gula, kurangnya ketersediaan bibit 
tebu unggul masih menjadi kendala yang perlu diatasi. Pengembangan bibit unggul 
melalui program pemuliaan tanaman telah dilakukan, namun belum cukup 
memenuhi kebutuhan bibit tebu unggul rendemen tinggi yang sesuai dengan 
berbagai kondisi lahan di Indonesia. Upaya pengembangan varietas tebu unggul 
melalui pendekatan modifikasi gen dapat menjadi alternatif untuk mempercepat 
pengembangan berbagai varietas unggul baru di Indonesia. Gen cwinv9 merupakan 
gen penyandi protein cell wall invertase yang berperan dalam hidrolisis sukrosa 
menjadi heksosa, serta salah satu gen invertase gene family yang meregulasi 
akumulasi sukrosa pada batang tebu. Pemecahan sukrosa menjadi heksosa akan 
menghambat laju akumulasi sukrosa pada batang tebu sehingga menurunkan 
produktivitas tebu. Upaya pengendalian reaksi hidrolisis sukrosa melalui 
penghambatan gen cwinv9 dilakukan dengan asumsi penurunan laju hidrolisis 
sukrosa pada batang. Tujuan umum dari penelitian ini adalah untuk mendapatkan 
bibit klonal tanaman tebu yang memiliki peningkatan akumulasi sukrosa pada 
batang, mendapatkan metode perakitannya dengan teknologi hpRNAi, dan 
mendapatkan metode optimum regenerasinya. Adapun tujuan khusus yang ingin 
dicapai dan dianggap penting dalam penelitian ini antara lain: untuk mendapatkan 
formulasi media optimum untuk tahap induksi embriogenesis somatik untuk 
metode perbiakan bibit klonal tebu, untuk mengkonstruksi vektor RNAi untuk 
penghambatan gen cwinv9 dan melakukan transformasinya ke dalam tebu, untuk 
mempelajari pengaruh penghambatan (knockdown) dari ekspresi gen cwinv9 pada 
tebu secara in vitro pada berbagai kondisi lingkungan, untuk mempelajari pengaruh 
penghambatan produksi cell wall invertase (CWINV9) terhadap performa 
pertumbuhan tanaman tebu dalam kondisi cekaman kekeringan, dan untuk 
mempelajari pengaruh penghambatan produksi enzim cell wall invertase 
(CWINV9) tanaman tebu terhadap kondisi lingkungan perakaran (rhizosfer). 

Penghambatan gen cwinv9 dilakukan dengan teknologi hpRNAi  yang 
didesain berbasis informasi gen cwinv9 dari tebu PSJT941 dan PS881, dan 
disisipkan ke dalam kedua varietas tersebut sehingga menghasilkan tebu cisgenik. 
Adapun tahapan yang dilaksanakan pada penelitian ini meliputi: 1) embriogenesis 
somatik tanaman tebu (S. officinarum L.) menggunakan kombinasi perlakuan 
hormon 2,4-dichlorophenoxyacetic (2,4-D) dan kinetin untuk tujuh varietas tebu 
meliputi PSJT941, PSJT9460, PS881, PS882, PS864, Kidang Kencana (KK), dan 
Bululawang (BL), 2) pendewasaan embrio somatik tanaman tebu (S. officinarum 
L.) dengan kombinasi hormon kinetin dan 1-Naphtalenaacetic acid (NAA), 3) 
konstruksi vektor RNAi untuk penghambatan ekspresi gen cwinv9 dan 



transformasinya pada tanaman tebu, 4) uji efisiensi RNAi dalam penghambatan 
ekspresi gen cwinv9 pada klon tebu secara in vitro dalam berbagai kondisi 
lingkungan, 5) uji pengaruh penghambatan produksi enzim cell wall invertase 
(CWINV9) terhadap performa pertumbuhan dan akumulasi sukrosa, dan 6) 
pengaruh penghambatan produksi enzim cell wall invertase (CWINV9) terhadap 
kondisi lingkungan dan komunitas bakteri pada daerah perakaran.   

Pengembangan metode regenerasi PS881, BL, KK, PS882, PSJT941, 
PSJT9640 dan PS 864 menunjukan adanya 3 klusterisasi medium optimum pada 
tahap induksi kalus embriogenik, dimana PSJT941 dan PS881 memiliki media 
optimum induksi kalus embriogenik medium MS ditambah 1 mg/L 2,4 D, 3 mg/l 
kinetin, 100 mg/L glutamin, dan 500 mg/L kasein hidrolisat; varietas Bululawang 
(BL), Kidang Kencana (KK), dan PS862 memiliki media optimum induksi kalus 
embriogenik medium MS ditambah 3 mg/L 2,4 D, 3 mg/l kinetin, 100 mg/L 
glutamin, dan 500 mg/L kasein hidrolisat; varietas PSJT9460 memiliki media 
optimum induksi kalus embriogenik medium MS ditambah 3 mg/L 2,4 D, 3 mg/L 
kinetin; dan varietas PS 882 memiliki media optimum induksi kalus embriogenik 
medium MS ditambah 3 mg/L 2,4 D, 1 mg/L kinetin. Sementara medium optimum 
tahap pendewasaan embrio somatik dapat diklasterisasi menjadi 2 dosis meliputi 
media MS ditambahkan 1 mg/L NAA dan 0.1 mg/L kinetin untuk varietas PS862, 
PSJT941, PS881, PS882, dan BL; dan media MS ditambahkan 1 mg/L NAA dan 1 
mg/L kinetin untuk varietas KK, PSJT9460, PS881, PS882, dan BL. Tahap 
perkecambahan dari ketujuh varietas tebu dapat menggunakan medium optimum  
dengan komposisi medium MS ditambah 0.1 mg/L NAA, 1 mg/L IBA, dan 100 
mg/L kasein. Kontruk hpRNAi-cwinv9-PS881 dan hpRNAi-cwinv9-PSJT941 
berhasil dikontruksi melalui mekanisme gateway cloning dan menghasilkan klon 
tebu cisgenik PSJT941 dan PS881. Karakter planlet tebu cisgenik menunjukan 
memiliki perbedaan karakter dengan tebu isogeniknya dengan penurunan tingkat 
ketahanan planlet tebu cisgenik pada kondisi cekaman kekeringan, suhu rendah, 
dan kondisi masam. Planlet tebu cisgenik memiliki efisiensi penggunaan glukosa 
secara lebih baik dibandingkan isogeniknya secara in vitro. Selain itu, planlet tebu 
cisgenik memiliki efisiensi penggunaan sukrosa secara lebih rendah dibandingkan 
isogeniknya. Berdasarkan pengujian tebu cisgenik di rumah kaca, cell wall 
invertase terkonfirmasi memiliki peran penting dalam regulasi akumulasi sukrosa 
dan respon fisiologis tebu dalam menghadapi cekaman kekeringan. Klon tebu 
cisgenik memiliki potensi peningkatan efisiensi akumulasi sukrosa hingga 30% 
pada kondisi lingkungan optimum. Akan tetapi klon tebu cisgenik mengalami 
penurunan ketahanan terhadap cekaman kekeringan dibandingkan dengan 
isogeniknya. Berdasarkan data metagenom, cell wall invertase memiliki peran 
dalam mekanisme interaksi tebu dengan komunitas bakteri pada sekitar perakaran 
sebagai holobiont-nya. Penurunan aktivitas invertase pada jaringan akar tebu 
berpengaruh terhadap kenaikan aktivitas invertase pada tanah sekitar perakaran 
tebu yang dihasilkan oleh bakteri tanah. Perubahan komunitas bakteri pada area 
perakaran tebu cisgenik dengan adanya kenaikan proporsi proteobacteria dan 
penurunan terrabacteria group mengkonfirmasi perubahan tersebut berhubungan 
dengan perubahan komunitas bakteri, serta interaksi bakteri dengan akar yang 
berjalan melalui berbagai reaksi biokimia.  
Kata kunci: akumulasi sukrosa, embriogenesis somatik, metagenomik, 

pembungkaman gen, rhizosfer. 



SUMMARY 

WILHELMUS TERANG ARGA SANJAYA. Construction of High Yield 
Sugarcane (Saccharum officinarum L.) Through Cell Wall Invertase Gene 
Silencing (cwinv9). Supervised by DWI ANDREAS SANTOSA, DIDY 
SOPANDIE, and GIYANTO.  
 

Indonesia has been the largest sugar-importing country in the world in the last 
5 years. Demands for meeting national sugar needs are increasing along with 
population and national economic growth. Although efforts to increase national 
sugar production have been made through a sugarcane field extensification program 
and revitalization of sugar factories, the lack of availability of superior sugar cane 
seeds is still an obstacle that needs to be overcome. The development of superior 
seeds through a plant breeding program has been carried out. Still, more is needed 
to meet the demand for high-yield superior sugarcane seeds suitable for various land 
conditions in Indonesia. Efforts to develop superior sugarcane varieties through a 
gene modification approach can be an alternative to accelerating the development 
of various new superior varieties in Indonesia. The cwinv9 gene encodes the cell 
wall invertase protein that plays a role in the hydrolysis of sucrose to hexose, as 
well as one of the invertase gene families that regulates the accumulation of sucrose 
in sugarcane stalks. The breakdown of sucrose into hexoses will inhibit the rate of 
accumulation of sucrose in sugarcane stems, thereby reducing sugarcane 
productivity. Efforts to control the hydrolysis of sucrose by inhibiting the cwinv9 
gene were carried out with the assumption that the rate of sucrose hydrolysis in 
stems would decrease.  

This research aimed to obtain clonal seeds of sugarcane which have increased 
accumulation of sucrose in the stems, obtain the assembly method using hpRNAi 
technology, and obtain the optimum regeneration method. The specific objectives 
to be achieved and considered necessary in this study include: getting the optimum 
media formulation for the stages of embryogenic callus induction, nodular callus 
induction, and the formation of coleoptilar somatic embryos for isogenic and 
cisgenic sugarcane clonal seedling cultivation methods, constructing RNAi vectors 
for inhibition of the cell wall invertase (cwinv9) gene in sugarcane and transforming 
it into sugarcane, studying the knockdown effect of cwinv9 gene expression in 
sugarcane in vitro under various environmental conditions, investigating the impact 
of inhibition of cell wall invertase enzyme production (CWINV9) on the growth 
performance of sugarcane under drought stress conditions, and inspecting the 
impact of inhibition of cell wall invertase enzyme (CWINV9) production of 
sugarcane on the root environment (rhizosphere) under drought stress conditions. 

Inhibition of the cwinv9 gene was carried out using hpRNAi technology, 
which was designed based on information on the cwinv9 gene from PSJT941 and 
PS881 sugarcane and was inserted into both varieties to produce cisgenic sugarcane. 
The stages carried out in this study included: 1) somatic embryogenesis of 
sugarcane (S. officinarum L.) using a combination of 2,4-dichlorophenoxyacetic 
(2,4-D) and kinetin hormone treatment for seven varieties of sugarcane including 
PSJT941, PSJT9460, PS881, PS882, PS864, Kidang Kencana (KK), dan 
Bululawang (BL), 2) embryo maturation somatic sugarcane (S. officinarum L.) with 
a combination of the hormones kinetin and 1-Naphthaleneacetic acid (NAA), 3) 



construction of an RNAi vector to inhibit cwinv9 gene expression and its 
transformation in sugarcane, 4) Test the efficiency of RNAi in inhibiting cwinv9 
gene expression in sugarcane clones in vitro under various environmental 
conditions, 5) Test the effect of inhibition of cell wall invertase (CWINV9) enzyme 
production on growth performance and accumulation of sucrose, and 6) Effect of 
inhibition of cell wall invertase (CWINV9) enzyme production on environmental 
conditions and bacterial communities in the root area.  

The development of the PS881, BL, KK, PS882, PSJT941, PSJT9640, and PS 
864 regeneration methods showed that there were 3 optimum medium clustering at the 
embryogenic callus induction stage, where PSJT941 and PS881 had the optimum 
medium MS medium embryogenic callus induction plus 1 mg/L 2.4 D, 3 mg/l kinetin, 
100 mg/l glutamine, and 500 mg/l casein hydrolyzate; Bululawang (BL), Kidang 
Kencana (KK), and PS862 varieties had the optimum embryogenic callus induction 
medium MS medium plus 3 mg/L 2.4 D, 3 mg/l kinetin, 100 mg/L glutamine, and 500 
mg/L casein hydrolyzate; variety PSJT9460 had the optimum medium for induction of 
embryogenic callus medium MS plus 3 mg/L 2.4 D, 3 mg/l kinetin; and variety PS 882 
had the optimum embryogenic callus induction medium MS medium plus 3 mg/L 2.4 
D, 1 mg/l kinetin. While the optimum medium for somatic embryo maturation stages 
can be clustered into 2 doses, including MS medium added 1 mg/L NAA and 0.1 mg/L 
kinetin for varieties PS862, PSJT941, PS881, PS882, and BL; and MS medium added 
1 mg/L NAA and 1 mg/L kinetin for KK, PSJT9460, PS881, PS882, and BL varieties. 
The germination stage of the seven sugarcane varieties can use the optimum medium 
with the composition of MS medium plus 0.1 mg/L NAA, 1 mg/L IBA, and 100 mg/L 
casein. The hpRNAi-cwinv9-PS881 and hpRNAi-cwinv9-PSJT941 constructs were 
successfully constructed via a gateway cloning mechanism and produced PSJT941 and 
PS881 cisgenic sugarcane clones. The character of cisgenic sugarcane plantlets showed 
that they had different characteristics from isogenic sugarcane, with a decrease in the 
level of resistance of cisgenic sugarcane plantlets under drought stress, low temperature, 
and acid conditions. Cisgenic sugarcane plantlets have better glucose utilization 
efficiency than their isogenic ones in vitro. In addition, cisgenic sugarcane plantlets 
have a lower efficiency in using sucrose than isogenic ones. Based on testing of 
cisgenic sugarcane in the greenhouse confirmed that cell wall invertase has an 
important role in regulating sucrose accumulation and sugarcane's physiological 
response in drought stress. Cisgenic sugarcane clones can increase the efficiency of 
accumulating sucrose by up to 30% under optimum environmental conditions. 
However, the cisgenic sugarcane clones experienced less resistance to drought stress 
compared to the isogenic ones. Based on metagenome data, cell wall invertase has a 
role in the interaction mechanism of sugarcane with the bacterial community around 
the roots as its holobiont. The decrease in invertase activity in the sugarcane root tissue 
affected the increase in invertase activity in the soil around the sugarcane roots 
produced by soil bacteria. Changes in the bacterial community in the root area of 
cisgenic sugarcane with an increase in the proportion of proteobacteria and a decrease 
in the terrabacteria group confirm that these changes are related to changes in the 
bacterial community, as well as the interaction of bacteria with roots that goes through 
various biochemical reactions. 
 
Keywords: gene silencing, metagenomics, sucrose accumulation, somatic 

embryogenesis, rhizosphere. 
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