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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 24th-25th 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 
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Abstract. Development of potato resistant to late blight caused by Phytophthora infestans was carried out by inserting 
RB genes from wild species potato, Solanum bulbocastanum. The genetically engineered (GE) potato Katahdin SP951 
and the hybrid of Atlantic or Granola with Katahdin SP951 have been assessed by the Biosafety Technical Team (BTT) 
for environmental safety information that included genetic stability, impact on nontarget organisms (other pests and 
diseases, beneficial soil microorganisms), substantial equivalent on phenotypic characters, and gene flow. The presence 
of RB gene in four different clonal generations showed stable integration of the gene into the plant genome. Experiment 
on the effect of the GE potato on pests and other diseases in four confined field trial (CFT) locations showed that the GE 
potato did not affect to Alternaria solani and Liriomyza as well as other pests found at CFT including potato tuber moth 
(PTM), aphids, and mites. Research on the effect of GE potato on beneficial soil microorganisms (nitrogen fixing 
bacteria, phosphate solubilizing bacteria, and soil fungus) showed that GE potato did not affect the microbial population. 
The GE potato also had no effect on C/N value when compared to non-GE potato. Agronomic equivalence of the GE 
potato to conventional comparison (non-GE potato) at biosafety containment and CFT showed that the GE Katahdin 
SP951 is equivalent to non-GE Katahdin and has no potential as a weed. In addition, agronomic equivalence from other 
studies gave similar results. Information related to the potential for gene transfer was obtained from the data at CFT 
Lembang and literature studies, and it can be concluded that there was no potential of gene transfer from GE potato at a 
distance over 10 m. Based on these results, the GE potato was declared environmentally safe by the BTT. The GE potato 
Katahdin SP951 has obtained environmental safety certificate from the Indonesian Minister of Environment and Forestry. 

INTRODUCTION 

Potatoes (Solanum tuberosum L.) are one of the elite horticultural commodities with the obstacles of pests and 
diseases during cultivation. One of the main diseases is late blight caused by the pathogenic fungus Phytophthora 
infestans. In Indonesia, the yield loss caused by P. infestans can reach 100% if the weather conditions are very 
conducive to the development of the disease [1]. Development of potato using resistance gene is one strategy which 
is effective and environmentally friendly in controlling late blight. 

There are some gene sources for resistance to late blight in wild species of potato, including S. bulbocastanum 
[2]. This species is a diploid on the basic number of x = 12, self-incompatible species native to Central America. S. 
bulbocastanum resistance sources have not been widely exploited mainly due to crossing barriers with cultivated 
potato [3]. 
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Katahdin is a potato cultivar which was bred by the USDA from the cross (USDA 24642  USDA 40568) in 
Presque Isle, Maine (USA) in 1923 [4]. This cultivar was licensed in Canada by 1932 with license no. of P-13. 
Katahdin is resistant to Potato virus A (PVA), moderately resistant to blackleg, net necrosis, Verticillium wilt, PVS, 
PVX, and PVY. However, Katahdin is susceptible to common scab, Fusarium dry rot, late blight, leaf roll, 
Rhizoctonia, and potato wart [4, 5]. 

Development of Katahdin to acquire the resistance to late blight disease was carried out by inserting RB genes 
from S. bulbocastanum. Katahdin was transformed using Agrobacterium tumefaciens LBA4044 containing RB gene 
in plasmid pCL04541, and resulted in the GE Katahdin SP951 [6]. The potatoes were donated to the Indonesian 
Agency for Agricultural Research and Development through the Indonesian Center for Agricultural Biotechnology 
and Genetic Resources Research and Development (ICABIOGRAD) and were used as parents to develop 
Indonesian potato varieties resistant to late blight. 

In Indonesia, the GE Katahdin SP951 was crossed with non-GE Atlantic and Granola, producing several hybrid 
lines containing RB genes. The GE potato Katahdin SP951 dan the hybrids have been evaluated for their resistance 
to late blight P. infestans in confined field trials (CFTs) between 2008–2013 in West Java (Pasir Sarongge, 
Lembang, Pangalengan, and Garut) and Central Java (Banjarnegara), and showed resistance to P. infestans. This 
resistance could reduce 50% of application of fungicide spraying [7]. 

Before GE potato Katahdin SP951 and the hybrid lines could be distributed for commercialization, they should 
be assessed for biosafety including environmental safety. Based on the Indonesian Government Regulation no. 21 of 
2005 concerning Biosafety of Genetically Engineered Products, and Minister of Environment Regulation no. 25 of 
2012 concerning Guidelines for Preparation of Environmental Risk Analysis Documents for Genetic Engineering 
Products, the Biosafety Technical Team (BTT) conducted the environmental safety assessment of the GE potato 
Katahdin SP951 based on information on environmental safety assessment, as outlined below. 

ENVIRONMENTAL SAFETY ASSESSMENT 

Information on Genetically Engineered Potato 

Genetic Information 

Katahdin SP951 contains single R gene (RB gene), which is responsible for resistance to late blight disease 
caused by P. infestans. The RB gene is regulated by endogenous promoters and endogenous terminator (poly A 
terminator). Katahdin SP951 also contains the nptII gene with CaMV35S promoter and Ocs3' terminator which is 
the terminator of the octopine synthase gene. 

RB gene (2.9 kb) in GE Katahdin SP951 expresses resistance to late blight. The RB gene promoter (2.5 kb), as 
well as the RB gene terminator, are endogenous elements isolated from S. bulbocastanum. nptII gene encodes the 
aminoglycoside 3'-phosphotransferase (aph[3']-II or NPTII) enzyme that confers resistance to kanamycin as in vitro 
selection agents. This antibiotic has been declared safe by the European Food Safety Authority [8]. 

Genetic Stability 

The results of PCR analysis of four clonal generations of GE potato Katahdin SP951 showed the presence of the 
RB gene, which indicated the stability of the gene. Integration of RB gene was indicated by 619 bp fragments found 
in the native promoter attached to the RB gene. The presence of RB gene in four different clonal generations (G0, 
G1, G2, and G3) showed stable integration of the gene into the plant genome (Fig. 1) [9]. 

Effects of GE Potatoes on Nontarget Organisms 

The study of the impact of the GE potato on nontarget organisms, pests and other diseases, was carried out in 
CFTs in Lembang, Pangalengan, and Garut. The total area of the experiment was 1,500 to 3,000 m2. The experiment 
was arranged using a randomized complete block design with three replications. Each potato clone was planted in 3 
rows, each row consisted of 10 plants. 
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FIGURE 1. Stability analysis of RB gene through PCR in four clonal generations (G0, G1, G2, and G3) of Katahdin SP951. (a) 

G0, (b) G1, (c) G2, and (d) G3. Source: [9]. 

Effects on Pests and Other Diseases 

Experiment on the effect of the GE potato on pests and other diseases was carried out in four CFT locations: 
Lembang (in 2012), Garut (in 2012), Pangalengan I (Cibunian, Pangalengan, in 2012), and Pangalengan II (Citere, 
Pangalengan, in 2013). Observations of pests and other diseases were carried out on Fusarium, Alternaria solani, 
Liriomyza, potato tuber moth (PTM), aphid, and mites, every 1–2 weeks when pests and diseases appear in potato 
crops. Observation on the number of dead plants due to Fusarium did not show any significant difference between 
Katahdin SP951 and non-GE Katahdin, in each observation times (Table 1). 

TABLE 1. The number of dead plants due to Fusarium in CFTs Garut (2012) and Pangalengan (2013). 

CFT location Clones 
Observation times 

49 
DAP 

56 DAP 
ns) 

63 DAP 
ns) 70 DAP 77 DAP 

ns) 

Garut (2012) 
Non-GE Katahdin 0 0 0 0 2.57 

GE Katahdin SP951 0 0 0 0 2.57 

Pangalengan 
(2013) 

Non-GE Katahdin 0 0.01 0.04 - - 

GE Katahdin SP951 0 0.01 0.01 - - 
CFT = confined field trial, GE = genetically engineered, DAP = days after planting, ns) = not significant. Source: [10, 11]. 
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The impact of the GE potato on A. solani was observed in CFTs Lembang, Pangalengan, and Garut. The results 
showed that there was no difference in resistance score in GE Katahdin SP951 compared to non-GE Katahdin at 
each observation times. It indicated that GE potato plants did not have impact to A. solani. 

TABLE 2. Resistance score to Alternaria solani in CFTs Lembang (2012), Pangalengan (2012), and Garut (2012). 

CFT location Clones 
Observation times 

30 
DAP ns) 

36–49 
DAP ns) 

51–56 
DAP ns) 

63–65 
DAP ns) 

Lembang (2012) 
Non-GE Katahdin 8.97 8.91 8.22 7.60 

GE Katahdin SP951 8.85 8.88 8.04 7.20 

Pangalengan 
(2012) 

Non-GE Katahdin 8.89 8.56 7.33 4.22 

GE Katahdin SP951 8.89 8.56 6.56 5.44 

Garut (2012) 
Non-GE Katahdin - 6.55 4.42 4.15 

GE Katahdin SP951 - 6.37 3.32 3.32 

CFT = confined field trial, GE = genetically engineered, DAP = days after planting, ns) = not significant. 

Observation of plants resistance to Liriomyza was determined using resistance score based on the percentage of 
infected leaves [12]. The results showed that resistance in Katahdin SP951 against Liriomyza (score 2.07, resistant) 
was not different from that in the non-GE Katahdin (score 2.32, resistant) at the last observation or 65 DAP (Table 
3). It means that planting of GE potatoes showed the same response to non-GE potato on Liriomyza attack. 

TABLE 3. Resistance score to Liriomyza on potato plant in CFT Lembang (2012). 

Clones 
Observation times 

30 DAP ns) 43 DAP ns) 51 DAP ns) 65 DAP ns) 

Non-GE Katahdin 0.32 0.35 0.67 2.32 

GE Katahdin SP951 0.43 0.65 1.55 2.07 
CFT = confined field trial, GE = genetically engineered, DAP = days after planting, ns) = not 
significant. 1 = very resistant, 2 = resistant, 3 = moderate resistant, 4 = susceptible, 5 = very 
susceptible [12]. Source: [10, 11]. 

Observation on pests (PTM and aphids) was determined by counting the number of PTM larvae and aphids, 
respectively, in each plant. The results showed that there were no significant differences between the average 
number of PTM larvae in GE Katahdin SP951 (0.63) compared to that of non-GE Katahdin (0.75) at the last 
observation or 65 DAP (Table 4). The number of aphids per plant also did not show a significant difference between 
GE Katahdin SP951 (0.75) compared to non-GE Katahdin (1.68) at observations 56–65 DAP. It means that the GE 
and non-GE potatoes have similar response toward the PTM and aphids. 

TABLE 4. Mean values of potato tuber moth larvae in the CFT Lembang (2012). 

Clones 
Observation times 

30 DAP ns) 36 DAP ns) 43 DAP ns) 51 DAP ns) 65 DAP 

ns) 

Non-GE Katahdin 0.27 15.53 0.20 0.52 0.75 

GE Katahdin SP951 0.38 16.90 0.37 0.62 0.63 

CFT = confined field trial, GE = genetically engineered, DAP = days after planting, ns): not significant. 
Source: [10, 11]. 
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Lazebnik et al. [13] tested the nontarget effects of a late blight-resistant GE potato on aphid Myzus persicae in 
greenhouse and climate room experiments. He reported that aphid fitness varied considerably more between 
conventional potato varieties than between Désirée and the GM events. Observations on mites showed that during 
the observation at CFT, mites were not found both in Katahdin SP951 and non-GE Katahdin. The results of these 
study showed that Katahdin SP951 did not affect to A. solani and Liriomyza, as well as other pests found in CFT, 
PTM, aphids, and mites. Both GE and non-GE potato gave similar response toward the other pests and diseases. 

Effects on Soil Microorganisms 

Research on the effect of GE Katahdin SP951 on soil microorganisms that consisted of nitrogen (N)-fixing and 
phosphate (P)-solubilizing bacteria was carried out in four CFT locations (Lembang in 2012, Garut in 2012, 
Pangalengan I [Cibunian, Pangalengan] in 2012, and Pangalengan II [Citere, Pangalengan] in 2013). The material 
used in the study was soil samples taken from the roots of the GE and non-GE potato from the CFT experiment. 

Microbial populations in soil samples were determined using plating method with serial dilutions of 10-1–10-11 
on selection media for N-fixing and P-solubilizing bacteria. Each dilution from 10-5–10-11 was spread on selection 
media with three replicates. Plates were then incubated at 29°C for 2 weeks. The number of growing colonies were 
counted every day to determine the number of bacterial populations per gram of soil. The results showed that there 
was no significant difference between the population of N-fixing and P-solubilizing bacteria in the root area of non-
GE potato compared to GE potato in each CFT location at observation of 90 DAP (Table 5 and 6). 

TABLE 5. Population of N-fixing bacteria (viable cells/g soil) in CFTs Lembang (2012), 
Pangalengan (2012 and 2013), and Garut (2012). 

CFT location Soil sample 
Observation times 

0 DAP ns) 90 DAP ns) 

Lembang (2012) 
Non-GE Katahdin 9.5  108 6.8  106 

GE Katahdin SP951 1.1  109 7.2  106 
Pangalengan 

(2012) 
Non-GE Katahdin 5.2  109 1.5  107 

GE Katahdin SP951 4.9  109 1.8  107 

Garut (2012) 
Non-GE Katahdin 6.5  109 1.3  1011 

GE Katahdin SP951 2.3  1010 4.0  1010 
Pangalengan 

(2013) 
Non-GE Katahdin 2.7  106 0.9  108 

GE Katahdin SP951 2.2  106 0.7  108 

CFT = confined field trial, GE = genetically engineered, DAP = days after planting, ns) = not 
significant. Source: [10, 11]. 

 
TABLE 6. Population of P-solubilizing bacteria (viable cells/g soil) in CFTs Lembang (2012), 

Pangalengan (2012 and 2013), and Garut (2012). 

CFT location Soil sample 
Observation times 

0 DAP ns) 90 DAP ns) 

Lembang (2012) 
Non-GE Katahdin 2.6  109 4.1  1010 

GE Katahdin SP951 2.4  109 4.5  1010 
Pangalengan 

(2012) 
Non-GE Katahdin 1.9  109 1.5  107 

GE Katahdin SP951 2.2  109 1.2  107 

Garut (2012) 
Non-GE Katahdin 3.3  1010 4.5  1010 

GE Katahdin SP951 1.7  109 1.6  1011 
Pangalengan 

(2013) 
Non-GE Katahdin 1.1  108 0.9  108 

GE Katahdin SP951 1.1  108 0.4  108 
CFT = confined field trial, GE = genetically engineered, DAP = days after planting, ns) = not 
significant. Source: [10, 11]. 
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Population of soil fungus from the rhizosphere was determined using plating method on potato dextrose agar 
(PDA) medium. The next stage followed the procedure for counting the population of N-fixing and P-solubilizing 
bacteria. The results showed that the soil fungus population from the rhizosphere of Katahdin SP951 (0.8  104) was 
not significantly different from the non-GE Katahdin (0.2  104) at the last observation (90 DAP) (Table 7). 

TABLE 7. Population of soil fungus (viable cells/g soil) from the rhizosphere in CFT Pangalengan (2013). 

CFT location Soil sample 
Observation times 

0 DAP ns) 45 DAP ns) 90 DAP ns) 

Pangalengan 
Non-GE Katahdin 1.5  104 0.9  104 0.2  104 

GE Katahdin SP951 4.0  104 2.0  104 0.8  104 
CFT = confined field trial, GE = genetically engineered, DAP = days after planting, ns) = not significant. 
Source: [10, 11]. 

 
These results showed that GE Katahdin SP951 did not affect the population of beneficial soil microorganisms. 

The microbial population (P-solubilizing and N-fixing bacteria, and soil fungus) was not significantly different in 
the GE Katahdin SP951 and non-GE Katahdin. 

Carbon (C)/N value was analyzed using soil samples of the GE and non-GE potato. Soil samples were taken 
three times, i.e. before planting (0 DAP), during plant growing (45 DAP), and after harvest (90 DAP). C content was 
determined using Walkley and Black method [14], meanwhile N content was determined using a method of KJedalh 
[15]. The results showed that the C/N values of both Katahdin SP951 and its non-GE counterpart were not 
significantly different in each location (Table 8) [10, 11]. 

TABLE 8. The C/N ratio of the soil from CFTs Lembang (2012), Pangalengan (2012 and 2013), and 
Garut (2012). 

CFT location Soil sample 
C/N 

0 DAP ns) 45 DAP ns) 90 DAP ns) 

Lembang 
(2012) 

Non-GE Katahdin 12.67 10.00 10.33 

GE Katahdin SP951 15.33 11.00 10.67 

Pangalengan 
(2012) 

Non-GE Katahdin 8.33 8.00 8.33 

GE Katahdin SP951 8.67 8.67 8.67 

Garut 
(2012) 

Non-GE Katahdin 8.33 9.00 11.33 

GE Katahdin SP951 7.67 8.00 11.00 

Pangalengan 
(2013) 

Non-GE Katahdin 9.67 10.00 11.00 

GE Katahdin SP951 9.00 10.00 12.00 
CFT = confined field trial, GE = genetically engineered, DAP = days after planting, ns) = not significant. 
Source: [10, 11]. 

Potential as Weeds 

Agronomic equivalence between GE potato Katahdin SP951 and its non-GE counterpart was observed in the 
greenhouse of biosafety containment in ICABIOGRAD, Bogor and in two CFTs (Pangalengan in 2013 and 
Lembang in 2013–2014). The results showed that there were no significant differences in plant height, length and 
width of their terminal leaves [16]. Observations in CFTs showed that GE potato Katahdin SP951 had the same 
qualitative characters (i.e. green triangle-shape stem, green oval-shape leaves, white star-shape flowers, white tuber 
flesh and skin, and cream oval seeds) as non-GE Katahdin. 

Potato plants can only growth in a managed ecosystem, in highland areas with altitudes between 1,000–3,000 m 
above sea level, in soil types of Andosol, Latosol, Regosol, and Alluvial with pH ranging from 5.0–6.5, monthly 
rainfall between 200–300 mm, temperature of 15–20°C, and humidity of ±70% [17]. Eastham and Sweet [18] 
reported that S. tuberosum cannot establish as weeds, because S.tuberosum demonstrates limited competitive 
abilities, is not a primary colonizer in unmanaged ecosystems, and seedlings do not tend to compete successfully 
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against cultivated potato crops. Substantially, the GE potato have shown the same qualitative characters as non-GE 
potato, and therefore, they cannot survive outside agricultural environments and have no potential as weed. 

Potato plants are self-pollinating. Some varieties of potatoes are not produced flower, and when flowers are 
formed, they are dropped after pollination, so that no berries are found [18, 19, 20, 21]. Potato seeds cannot be 
spread naturally because the seeds are slimy and sticky and contained in the fruit (berries) [17]. S. nigrum (black 
nightshade) and S. dulcamara (woody nightshade) are the member of genus Solanum, that are known as weed [18, 
22]. However, these two species are not found in Indonesia. From the results of biosafety containment and CFTs, 
and also from the literature, it can be concluded that the GE Katahdin SP951 is equivalent to non-GE Katahdin and 
has no potential as a weed. 

Potential Gene Transfer 

Information on environmental safety related to the potential for gene transfer was obtained from the data at CFT 
Lembang and literature studies. As a self-pollinating plant, the potential for cross-pollination is very small. The 
estimated rates of cross-pollination under field conditions range from zero to about 20% [18, 22]. Gene transfer can 
occur through biotic factors such as pollinators or abiotics factors such as wind. The main pollinators in potato 
plants are bumblebees (e.g. Bombus funebris in Peru and B. impatiens in the US) [21, 23]. 

Research on possible RB gene transfer from GE potato to non-GE potato through natural hybridization was 
conducted at CFT Lembang (2008–2009). The GE Katahdin SP951 was planted in one row in the center of the plot. 
Meanwhile, non-GE Katahdin were planted in one row at a distance between 0.8 m and 11.2 m, with 0.8 m intervals, 
from the GE Katahdin plant, on the left and right side of the GE Katahdin plant. The experimental site was 
surrounded by five rows of corn as a border. During the study, there were no potato crops outside the CFT plot. The 
result showed that there was a gene transfer from GE potato Katahdin SP951 to non-GE potato. The gene transfer 
was at a isolation distances of (0.8–1.6 m), (2.4–4 m), and (4.8–6.4 m) were 13.78%, 10.92%, and 3.82%, 
respectively. At a distance of 7.2–8.0 m there was no (0%) gene flow [24]. 

McPartlan and Dale [22] observed the direction of wind in the study of gene transfer (nptII gene) in the field. He 
reported that the percentage of plants formed berries and the average number of berries per plant was higher in the 
north sector in the plot compared to the south, west, and east when the wind direction over the plot was 
predominantly from the southeast. Where the GE and non-GE potato were in alternated rows with their leaves 
touching, the frequencies of progeny from the non-GE potato that contained the kanamycin-resistance gene ranged 
from 23.1–28.8%. At the isolation distance of 3 m and 10 m, the frequency decreased to 2% and 0.017%, 
respectively. When the distance of plants at up to 20 m, no transgene-containing progeny were observed. Frequency 
of transgene dispersal by pollen to non-GE potato is limited and very unlikely at distances over 10 m [25]. From the 
results at CFT and literature studies, it can be concluded that there was no potential of gene transfer from GE potato 
at a distance over 10 m. 

CONCLUSION 

The GE potato Katahdin SP951 have been assessed by the BTT for environment safety information which 
consisted of genetic stability, impact on nontarget organisms (other pests and diseases, beneficial soil 
microorganisms), potential as weeds, and potential gene transfer. According to all the experiments conducted with 
the support of other studies, the GE potato Katahdin SP951 was not significant different from the non-GE Katahdin 
on the aspect evaluated. Based on those data, the assessment by BTT declared that GE potato Katahdin SP951 is 
environmentally safe. The GE potato Katahdin SP951 has obtained environmental safety certificate from the 
Indonesian Minister of Environment and Forestry in 2018. 
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