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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. Yeast is one of important microorganisms in the biofuel industry in recent years. Identification and 
characterization of yeast are important for determining the quality and purity of yeast strains. This study intended to 
characterize yeast isolated from persimmon, special woods from Indonesia, and commercial yeast as a comparison. 
Macroscopic and microscopic morphological observation was performed to preliminarily identify the species of yeast 
isolates, supported with molecular characterization based on ITS fragment. The physiological aspect of yeast was 
assessed on their sensitivity to ethanol and a comparative experiment with glucose and sucrose substrate. A total of seven 
isolates were obtained. All yeast isolates had milky white color and slimy consistency, except for YK1.3 and YBK1, 
which had a watery consistency. Several isolates have oval and round shapes with blue color. All isolates were 
successfully sequenced based on the internal transcribed spacer (ITS) 1 and ITS4 regions. Homology analysis of the 
sequences against the GenBank database using BLASTN showed that seven isolates have homology with the 
Debaryomyces hansenii, Wickerhamomyces anomalus, Clavispora lusitaniae, and Metschnikowia agaves species. 
Physiologically, YRt2.1, YK1.3, YK2.2, and YK3.2 belonging to D. hansenii, C. lusitaniae, M. agaves, and W. 
anomalus, respectively, had better growth on glucose substrate incubated for 24 h. In contrast, YRt1.2, YB3.1, and 
YBK1 belonging to D. hansenii, W. anomalus, and D. hansenii, respectively, grew well on sucrose rather than glucose 
substrate. All isolates with glucose substrate seemed to be more tolerant to ethanol. Moreover, isolates YRT1.1 produced 
the highest ethanol concentration level until 39.28 ppm compared to the other isolates. This study clearly illustrates that 
identification based morphological and physiological characters as well as ITS fragment could be useful taxonomic tools 
for rapid identification at the species level of unknown isolated strains and constitutes a basis for initial yeast strain 
selection for future application in the production of ethanol. 

INTRODUCTION 

Indonesia is a tropical country with abundant diversity of flora, fauna, and microorganisms [1]. Yeast, one of 
microorganisms defined as ascomycetes or basidiomycetes fungi that persist as single cells for at least some of their 
life cycle, do not form fruiting bodies, have a fairly wide ecological range and can be found in high organic 
environments [2]. Kurtzman et al. reported that isolation and identification of yeast diversity in the world have only 
been carried out in 1% of the 89 yeast genera registered on yeast monographs [3]. Research on yeast is mostly 
carried out by exploring various ecosystems, but many yeast in nature are still not yet known [4]. 

Yeast is an important microorganism for the life of other living things. These microorganisms can be used as 
starter agents for fermentation of feed factory waste [5, 6], alcoholic beverages [3, 7], bioethanol [8], and as 
biocontrol agents [9, 10]. Generally, yeasts are important microflora of many food products due to their ability to 
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grow on a substrate rich in proteins, sugars, and organic acids [18]. This considerable usage for microorganism 
makes Indonesia still imports dry yeast products. Therefore, it is necessary to isolate and identify yeast isolates 
found in nature to support these needs. 

Yeast can be isolated from the surface of fruits and leaves [11]. Besides, yeast is also an epiphytic microbe in 
plants [12]. Indonesia has been known to have diverse fruits and woods across the country island for useful 
microorganism’s source. Some of forest trees producing woods which could be used for local liquor are well grown 
in the main islands like Kalimantan, Sumatra, and Sulawesi. Some of the most common yeast genera found in 
tropical fruit are the genus Candida, Hanseniaspora, Wickerhamomyces, and Rhodotorula [13]. The most common 
yeast genera found in plants are Cryptococcus, Rhodotorula, Hanseniaspora, and Metschnikowia [14]. 

Yeast identification needs to be done to determine the genus or species of yeast, considering there are still many 
types and species of unknown yeast. Identification and characterization of yeast isolated species have traditionally 
been based on morphological and, in particular, physiological characteristics regarding their certain abilities [15, 
16]. However, molecular techniques have been increasingly used recently for identifying yeast, especially when 
dealing with species with indistinguishable morphological or physiological characteristics. The application of the 
molecular approach has resulted in more studies on the classification, identification, and ecology of yeast species 
[17]. Molecular identification techniques employing sequencing the internal transcribed spacer (ITS) regions and 
partial D1/D2 large-subunit domains of the 26S ribosomal RNA (rRNA) have become the most frequent and 
convenient method for the identification of yeasts isolates [18]. This study aims to identify and characterize yeast 
isolated from persimmon, three Indonesian woods, and commercial yeast as a comparison based on molecular, 
morphology, and physiology. 

MATERIALS AND METHODS 

Isolation of yeast was conducted from persimmon (Diospyros kaki), special woods from Indonesia (Kalimantan 
wood (Eusideroxylon zwageri), “Raru” wood (Cotilelobium melanoxylon) from Sumatra and Sulawesi, and 
commercial yeast “NKL Harum Manis” as a comparison. Briefly, each sample was diluted 10-fold in sterile saline 
(0.85% NaCl) and incubated at ambient temperature for 90 min. Serial dilutions of each sample were performed, and 
1 ml aliquots of appropriate dilutions were inoculated by the pour plate method on sterile yeast peptone dextrose 
(YPD) agar plates (containing 5 g/l yeast extract, 10 g/l peptone, 10 g/l glucose, and 15 g/l agar) and incubated at 
room temperature for 72–96 h [3]. Subsequently, colonies showing different morphologies were selected and 
inoculated thrice on YPD agar plates. The pure cultures were preserved at 8±2°C until further use. 

The morphology of rejuvenated yeast (3-day old isolates) was examined macroscopically and microscopically. 
The morphology observed on the yeast viable cells was color, surface, shape, and consistency. Furthermore, 
microscopic observations were made by taking a loop of yeast isolate mixed with a little water on the glass slide. 
After that, it is levelled and covered with glass. The smears were observed under a 1,000× magnification in a light 
microscope. 

Physiological observation was performed on the substrate-used efficiency and ethanol sensitivity for growth and 
reducing sugar. A single spot excised (3 mm in diameter) was placed on solid YPD agar media on a Petri dish and 
allowed a room temperature for 24 h for growth observation. The colony forming units (CFU) were measured by 
naked eye for all isolates. Reducing sugar was determined by preparing the liquid culture of each isolate. Single spot 
excised (3 mm in diameter) was inoculated in preculture medium containing 10 ml liquid YPD and incubated in a 
shaker for 24 h. The substrates used were glucose and sucrose as the source of carbon. For this treatment, 10% of 
glucose or sucrose (w/v) was transferred into 100 ml liquid YPD as cultivation media in Erlenmeyer flask. Two 
treatments (addition or absence of 6% ethanol) were applied to this solution. All the fermented yeast of each isolates 
in the preculture was transferred into cultivation media and subsequently were shaken for the next three days at 
room temperature. At the end of incubation, the fermented culture was centrifuged at room temperature at 3,500 ×g 
for 10 min to remove the debris from the supernatant. The supernatant (0.5 ml) was added with 0.5 ml DNS 
(Dinitrosalicylic acid), placed in a test tube, then vortexed. Furthermore, the mixture was incubated in the boiling 
water at 100°C for 5 min. After cooling down, it was added by 5 ml ddH2O and homogenized by using a vortex, 
then measured using spectrophotometry UV-Vis at 540 nm. Calculating glucose levels was done by substituting the 
absorbance of the solution into the regression equation for the calibration curve of the standard glucose solution 
[19]. 

Preparation of preculture and cultivation of each isolate for ethanol content estimation was similar to that for 
reducing sugar measurement. Assessment of the ethanol produced was performed on the supernatant of each isolates 
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using gas chromatography (GC). Injection volume for the GC assay was done at a rate of 0.8 ml/min within the 
capillary column (HP-Innowax; length 60 m, diameter 0.25 mm, and film thickness 0.25 μm) with helium (He) as 
the carrier gas. The GC system was attached with a flame ionization detector (FID; 250°C), while the injection port 
temperature was controlled at 200°C. The ethanol content was calculated by comparing the retention time of the 
sample to the ethanol standard. The standard curve was made by using pure ethanol with methanol as the solvent 
[20]. 

Identification of yeast isolates was done based on ITS regions. Genomic DNA of yeast was extracted from 
isolated colonies using Whatman FTA filter matrix technology [21]. Morphologically identified yeast were 
sequenced at the ITS5.8S rRNA gene domain using the universal primers ITS1 (5´-TCCGTAGGTGAACCTGCGG-
3´) and ITS4 (5´-TCCTCCGCTTATTGATATGC-3´) [16]. Amplification of ITS regions was performed using T1 
Thermocycler (Biometra, Germany). The PCR reaction was performed as follows: i) pre-denaturation at 95°C for 5 
min, ii) 35 cycles of denaturation at 95°C for 30 sec, iii) annealing step at 55°C for 35 sec, iv) extension at 72°C for 
30 sec, and v) final extension at 72°C for 7 min. The PCR products were also subjected to agarose gel 
electrophoresis using 1.2% (w/v) agarose gel in 1× Tris Acetate-EDTA (TAE) buffer, stained with ethidium 
bromide (EtBr), and visualized using gel documentation system. The PCR products were also sequenced both in 
forward and reverse direction at 1st Base Laboratory in Malaysia. Using the Basic Locus Search Alignment Tool 
(BLASTN) program, the sequences were compared to database available in the GenBank of National Center for 
Biotechnology Information (NCBI) website (http://www.ncbi.nlm.nih.gov/blast/). 

RESULTS AND DISCUSSIONS 

Isolation of yeast species from various collected local fruit and woods was investigated with commercial yeast as 
a comparison. Seven yeast isolates were obtained and the observation showed that all of them had milky white color 
and slimy consistency except for YK1.3 and YBK1, which had a watery consistency (Table 1). Several isolates have 
oval and round shapes with blue paint. All yeast did not have a flagellum, and only YRt1.1 and YRt1.2 had hyphae 
(Fig. 1). Due to different morphological characters, it is most probable that the isolates belong to different species or 
strain. The isolates were then identified molecularly. 

 
TABLE 1. Morphological identification of obtained yeast colonies. 

Isolate ID Sample sources Color Surface Shape Consistency 

YRt2.1 Commercial yeast Milky white Smooth Convex Slimy 
YRt1.2 Commercial yeast Milky white Smooth Convex Slimy 
YK1.3 Kalimantan’s wood Milky white Smooth Convex Watery 
YK2.2 Sumatra’s wood Milky white Smooth Convex Slimy 
YK3.1 Maros wood Milky white Smooth Convex Slimy 
YK3.2 Maros wood Milky white Rough Convex Slimy 
YBK1 Persimmon Milky white Smooth Convex Watery 

Physiological analysis on the isolates was perform by examining the ability of the isolates to grow on glucose 
and sucrose as a substrate of growth media. A variety of techniques can be used to measure the growth of yeast 
biomass on growth media, including turbidity, total cells, and living cells [22]. Yeast requires a source of carbon, 
nitrogen, mineral, and vitamin to spring up [23]. Generally, yeast growth medium contained glucose, malt extract, 
yeast extract, and bacto-peptone. Glucose is known to be very effective and most popular carbon source by the cells 
because it supports fast growth as it is a single molecule and easy consumption first. It is the initial substrate and the 
precursor of the main pathways [24]. However, using glucose as a substrate medium requires a high cost. Previous 
research reported that glucose at a very high concentration could easily be assimilated into the cells, causing 
accumulation and congestion, leading to the Crabtree effect that inhibits cell growth. Therefore, sucrose could be 
used as an alternative to glucose. Sucrose which belongs to the disaccharide, is another sugar composed of fructose 
and glucose [25]. The present study results showed that the YK3.1 isolated from Maros wood, YRt1.2 from 
commercial yeast, and YBK1 from persimmon had better growth on sucrose media (Fig. 2). Meanwhile, the others 
isolates had better growth on glucose substrate. Generally, the growth rate of different yeast cells is different in 
various media. For example, previous studies showed that yeast isolates belonging to Debaryomyces, 
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Wickerhamomyces, and Metschnikowia grew better in media containing glucose substrate that belongs to the 
monosaccharide group [20]. In contrast, the other previous studies reported that Saccharomyces grew better in 
sucrose than glucose [26, 27]. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

1 

FIGURE 1. Microscopic observation of yeast cells from different resources as observed at 1,000× 
magnification. (a) YRt1.2. (b) YRt2.1. (c) YK1.3. (d) YK2.2. (e) YK3.1. (f) YK3.2. (g) YBK1. 

Ethanol treatment was also observed in this study for the initial screening of yeast growth. Ethanol is known as a 
growth inhibitor of microorganisms. It has been reported that ethanol could damage mitochondrial DNA in yeast 
cells [28] and lead to the inactivation of some enzymes, such as hexokinase and dehydrogenase. Ethanol tolerance 
on yeast has yet to be clearly defined, although it has been reported to be reproducible under defined conditions and 
appears to be under complex genetic control [29]. Nevertheless, some strains of the yeast S. cerevisiae showed 
tolerance and could adapt to ethanol.  

 

FIGURE 2.  Growth of yeast colonies on glucose and sucrose substrates incubated for 24 h, with or without 6% (v/v) ethanol. 

The results from this study depicted in Fig. 2 showed that all yeast isolates with glucose-containing media could 
grow well and resist 6% (v/v) ethanol. However, their growth was inhibited and cannot resist ethanol when the 
glucose was replaced with sucrose. Glucose may trigger beneficial effects on cells, including stimulation of cell 
proliferation, mobilization of storage compounds such as glycogen and trehalose, and decreased resistance to cell 
stress. In contrast, negative impacts due to lack of glucose in the process can lead to several problems such as 
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decreased or blocked fermentations, instability of cellular viability, and low ethanol production, where the break of 
sugars, sucrose into simple sugars (glucose) occurs by an intracellular enzyme known as invertase located in cell 
wall [30]. Without ethanol 6% (v/v) treatment, YBK1 producing the highest colonies until 32.55 × 103 CFU/μl on 
sucrose substrate. 

 

FIGURE 3. Reducing sugar (glucose and sucrose) on cultivation of yeast isolates, with or without 6% (v/v) ethanol. 

Yeast is known to utilize the sugar contained in the fermentation medium for cell growth and ethanol production. 
These cells will break down sugar into ethanol. The overhaul is carried out through the process of glycolysis with 
the help of enzymes produced during fermentation [31]. Fig. 3 shows the histogram of reducing sugars of each 
isolate grown on glucose or sucrose substrates with or without ethanol 6%. It can be seen that the levels of reducing 
sugar were quite varied. The greater the reducing sugar content in the substrate, the more ineffective the substrate in 
the growing media used will be [32]. 

Based on the present results, the addition of ethanol is not necessarily effective in reducing the levels of reducing 
sugar. For example, isolate YK3.2 on glucose substrate produced the highest reducing sugar content of 1.02 mg/ml 
without 6% ethanol, lower than the addition of 6% ethanol, which was 1.34 mg/ml. On the other hand, isolate 
YRt1.2 on glucose substrate produced a reducing sugar content of 0.86 mg/ml without ethanol, higher than the 
addition of 6% ethanol, which was 0.57 mg/ml. The YBK1 isolate would be more efficient if grown on a glucose 
substrate without 6% ethanol, but with 6% ethanol if using a sucrose substrate. The more reducing sugars are used 
by yeast, the higher the concentration of ethanol produced, and conversely, the less reducing sugar used, the lower 
the concentration of ethanol produced. This is consistent with other studies where the more reducing sugars that can 
be utilized by yeast, the higher the ethanol concentration produced [33]. 

 

FIGURE 4. Ethanol production of yeast isolates. 
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Isolate YRT1.2 produced the highest ethanol concentration level of 39.28 ppm compared to the other isolates 
(Fig. 4). Clearly, the production of ethanol by yeast is a key technology in ethanol fermentation. However, ethanol is 
toxic to yeast cells. It can cause misfolding of proteins, increased membrane fluidity, changes in mRNA export from 
the nucleus, and activation of various stress signaling pathways, including the protein kinase A pathway. Ultimately, 
these may lead to cell death. In contrast, during most of the bioethanol fermentation, yeast cells do not die, either 
because the ethanol concentration does not reach a high enough level or because the fermentation period is not long 
enough to cause cell death. More tolerant yeast strains are important for highly efficient ethanol production because 
alcohol concentration only continues to increase during fermentation to levels that can be harmful or lethal to cells. 
In addition, yeasts that are tolerant of ethanolic stress may have physiological differences such as intracellular 
accumulation of ergosterol, trehalose, and proline [34], which helps them to survive. Several researchers reported 
that industrial yeast such as S. cerevisiae has proven to be efficient and rapid in fermenting hexose sugar (C6) into 
ethanol [35, 36]. 

Yeast is a eukaryotic organism with one unit of the rRNA region consisting of coding and non-coding regions. 
The rRNA region sequences often used for yeast identification are the D1/D2 domain of large-subunit (LSU) 
ribosomal DNA (rDNA) and ITS [37]. ITS region is one of the most used markers in the phylogenetic study of most 
yeast. The region has been reported to be used to analyses phylogenetic relationships at species and interspecies to 
understand systematic and fungal community [38]. This region consists of the highly conserved region as well as 
ITS1 and ITS4. The region contains multiple tandem repeats of ribosomal RNA mostly in the haploid genome which 
made it very fruitful in species identification, therefore has been proposed as a standard molecular marker in DNA 
barcoding of fungal species. 

Molecular identification of all seven isolates based on homology analysis of the sequences against the GenBank 
database using BLASTN, resulted in identification of the isolates in four different species, namely Debaryomyces 
hansenii, Wickerhamomyces anomalus, Clavispora lusitaniae, and Metschnikowia agaves (Table 2). The species D. 
hansenii represents three identified isolates from commercial yeast (YRt2.1, YRt1.2) and persimmon (YBK1). D. 
hansenii, which has an oval and elliptical shape, the possibility of forming a pseudo mycelium or not forming a true 
mycelium is an osmotolerant microorganism. It can be found in water, cheese, meat, grapes, fruit, and soil habitats 
[39]. It is reported that osmotolerant property in yeast provides advantages for biotechnological applications in food 
industry sector to reduce production costs [40]. 

Sequencing results indicated that YK3.1 and YK3.2 isolates had high homology with W. anomalus isolate F2 
and W. anomalus isolate F4, respectively (Table 2). W. anomalus is known to grow well in various carbon sources, 
resistant to low pH and high osmotic pressure, useful for wine aroma and biocontrol agents [41]. YK1.3 was similar 
with C. lusitaniae strain h76c, which is a pathogen type to humans, while YK2.2 had a high homology with M. 
agaves strain 94-267.2, which can be utilized in the alcohol fermentation process [42]. 

TABLE 2. Molecular identification of obtained yeast strains by DNA sequencing. 

Isolate ID Sample sources Molecular identification Query 
cover (%) 

Sequence 
identity (%) 

GenBank 
accession ID 

YRt2.1 Commercial yeast Debaryomycess hansenii strain 
SCSGAF0208 

100 99 C859432.1 

YRt1.2 Commercial yeast D. hansenii strain SCSGAF0208 100 99 HE799661.1 
YK1.3 Kalimantan’s 

wood 
Clavispora lusitaniae strain h76c 100 99 KP674780.1 

YK2.2 Sumatra’s wood Metschnikowia agaves strain 94-
267.2 

99 92 KC859432.1 

YK3.1 Maros wood Wickerhamomyces anomalus 
isolate F2 

100 100 KM603601.1 

YK3.2 Maros wood W. anomalus isolate F4 100 99 KM603609.1 
YBK1 Persimmon D. hansenii strain SCSGAF0208 100 99 JN851059.1 

 

To corroborate the obtained data, phylogenetic analysis was performed, and a phylogenetic tree was constructed 
(Fig. 5). The phylogenetic analysis involved seven yeast isolates from this study against five reference isolates (D. 
occidentalis, C. lusitaniae CBS 6936, M. agaves 18S rRNA gene (partial), W. anomalus strain BCRC, dan C. 
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lusitaniae strain MTCC) used as an outgoing group. Isolate YK3.1 is suspected of having a close relationship with 
W. anomalus strain BCRC 23112 (Fig. 5) originating from the outgroup sequence compared to W. anomalus isolate 
F2 (Table 2). YK2.2 isolate was in one branch with M. agaves strains 94-267.2. This genetic relationship is in good 
agreement with the aligned sequences in the database to relate the two isolates closely. Furthermore, YRt1.2 and 
YRt2.1 isolates were in one subclade, and their relationship was closer to W. anomalus isolate F4 compared to D. 
hansenii strain SCSGAF0208. YBK1 and YK3.1 isolates showed the same results on the alignment results on the 
database and phylogenetic tree. Meanwhile, the YK3.2 isolate was closer to W. anomalus isolate F2 than W. 
anomalus isolate F4 due to sequence alignment in the database. 

 

FIGURE 5. Phylogenetic trees of yeast isolates based on ITS sequences compared with NCBI data and sequences  
outside the group. 

CONCLUSION 

This study reported the occurrence of yeast species isolated from persimmon, special woods from Indonesia 
(Kalimantan, Sumatra, and Maros), and commercial yeast as a comparison. Isolates YRT2.1, YK1.3, YK2.2, and 
YK3.2 had better growth on glucose substrate. In contrast, YRT1.2, YB3.1, and YBK1 grew well on sucrose rather 
than glucose substrate. This study's lowest reducing sugar content was 0.01 mg/ml in YBK1 isolate on sucrose 
substrate with 6% ethanol. YRT1.1 produced the highest ethanol compared to the other isolates, suggesting its 
potential application for producing ethanol after further assessment. All seven yeast isolates were successfully 
identified to belong to four genera, they are D. hansenii (three isolates), C. lusitaniae (one isolate), M. agave (one 
isolate), and W. anomalus (two isolates). The morphological and physiological identification results was highly 
consistent with molecular identification ones. Molecular methods showed higher effectiveness in identifying yeast 
isolates in this study. 
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