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Bernadetta.hastilestari@gmail.com Potato (Solanum tuberosum) is a widely cultivated plant in the highlands. Low
temperature, such as temperature at night, is required for tuber formation.
However, global warming has increased global temperature and causing a de-
crease in crop yields. To meet the growing demand for potatoes, the planting
area needs to be expanded. Planting can be done at the medium-altitude or
even lowland by developing potato varieties that are well-adapted to a higher
temperature. The first step to achieve this goal is to analyze the potential
genes for potato breeding by comparing the data from the microarray. Genes
related to heat shock proteins affect the resistance of potato plants towards
the increasing temperatures in the environment.
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Introduction

The demand for potatoes (Solanum tuberosum) in Indonesia continues to increase along with
dietary changes in modern society. Potato contains a lot of starch, vitamins, and minerals (Camire
et al,, 2009). Potato cultivation is mostly done in highland areas. This is because the potato was
originated from the Andes in Peru, which is located in the highland with low temperatures, high
light intensity, and short-day length (Rodriguez-Falcén et al., 2006). Potatoes from this area are
diploid and known as Andean varieties (Hardigan et al., 2017). Along with the development of
science, potatoes were brought out of Andes, underwent selection, and crossed to develop a vari-
ety that can adapt in areas with longer day length (Rodriguez-Falcon et al., 2006). This potato
variety is then known as the modern potato that is generally tetraploid and can adapt to the tem-
perature range between 14 to 22°C (Birch et al., 2012). If potatoes are grown above the optimum
temperature, the tuber yield will decrease and the biomass will be accumulated in the stems and
leaves (Lafta & Lorenzen, 1995; Wolf et al., 1991). This condition might be worsened by global
warming, as temperature increase will cause the yield to decrease by 18 to 22% (Hijmans, 2003).

An increase in temperature can affect the physiological condition of plants (Lafta & Lorenzen,
1995; Hatfield & Prueger, 2015), such as reduced cell membrane stability due to the Ca2* influx
from the Endoplasmic Reticulum (ER) to the cytosol. These ions will affect the signaling process
and cause changes in plant gene expression. Plants will respond to temperature increase by in-
creasing the expression of Heat Shock Protein (HSP) to protect against protein misfolding (Sung
etal, 2001).

Physiological changes due to heat stress on Agria variety have been reported and their gene
expressions have been analyzed using microarray (Hastilestari et al., 2018). Another experi-
ment set has been conducted using Desiree variety (Hancock et al., 2014). Those two varieties
are morphologically different, as Agria variety has brownish-yellow tuber skin while the De-
siree variety is red. This study aims to investigate the results of the two microarrays from the
above-mentioned varieties to find the genes that have similar expressions when exposed to
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heat. Thus, the candidate genes are expected to be found and then can be used for the develop-
ment of heat-tolerant potato plants.

Material and Methods

The results of microarray carried out by Hastilestari et al. (2018) in Agria variety and Hancock
etal. (2014) in Desiree variety were compared and analyzed in this study. Furthermore, the gene
expressions of two microarrays results were aligned and categorized into functional groups.

Four treatments were applied on S. tuberosum cv. Agria for 14 days before conducting micro-
array analysis by Hastilestari et al. (2018). The treatments consisted of control, heat stress on
roots, heat stress on stems, and overall heat stress. The control plants were kept under 16-hours
oflight at 22°C and followed by 8-hours dark at 20°C. The plants assigned to root heat stress treat-
ment were given 29°C temperature treatment on their roots, while their stems were treated sim-
ilarly as control. The stem heat stress was done by giving 29°C temperature treatment under 6-
hours of light, followed by 8-hours dark at 27°C to the stem, while the roots were cooled at 22°C.
Plants that were subjected to overall heat stress were kept under 16-hours of light at 29°C, fol-
lowed by 8-hours dark at 27°C. On the other hand, S. tuberosum cv. Desiree used by Hancock et al.
(2014) were given 2 different treatments. The control plant group was kept under 16-hours of
light at 22°C and followed by 8-hours dark at 20°C. Meanwhile, the heat-treated plants were kept
under 16-hours of light at 30°C and 8-hours dark at 20°C.

The results of two microarrays were then aligned and categorized into functional groups based
on their gene expressions. Out of 4 different treatments performed by Hastilestari et al. (2018),
we used data from control and plants that were given heat-stress treatment on all of their parts.
Based on the two microarray results, the gene expressions with similar responses while heat-
stress treatment were compared to control plants.

Results and Discussion

There are about 34 potato varieties in Indonesia (Table 1). Most of them are cultivated in high-
land altitude areas with varying tuber yields, around 1.5 to 40 tons per hectare. The varieties with
the lowest yields are the Golden Agrihorta and Papita Agrihorta, with around 1.5 to 2 tons of yield
per hectare, while the Spudy Agrihorta has the highest yields with 27.6-40.8 tons/hectare. Olim-
pus Agrihorti variety can be cultivated in the lowlands with a yield of 15.5-23.3 tons/hectare. On
the other hand, Granola and Supejohn varieties are reported to experience almost 20% yield re-
duction when cultivated at 750 m above sea level compared to 1200 m above sea level
(Mailangkay et al., 2012). The different temperatures on different elevations of the planting site
are reported to be the most influential factor on tuber weight compared to other factors, such as
light intensity. This theory is supported by Sa’diyyah et al. (2017) who reported that there are no
differences in tuber weight at different light intensities. On the other hand, genetic variation is also
reported to be one of the factors that affecting tuber weight.

Table 1. Potato varieties in Indonesia

No Variety leIz::(-e d Yields Adaptation Refer-
(Tons per Ha) Area ences
year
1 Amabile 2013 25.7-29.2 > 1200 masl 1
2 Amudra 2002 20.0-42.0 n/a 1
3 Andina 2011 20.4-34.1 1250-1500 masl 1
4 AR 07 Agrihorti 2015 24.9-1.30 Highland 1
5 AR08 Agrihorti 2015 28.9-2.10 Highland 1
6  Atlantik Malang 1999 8.020 n/a 1
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7 Balsa 2005 22.4 Highland 1
8 C(Cipanas 1980 1334 Highland 1
9 Cosima 1980 19-36 n/a 1
10 Dayang sumbi Agrihorta 2016 23.3-29.8 Highland 1
11 Erika 2005 25.3 Highland 1
12 Fries 2005 25.7 Highland 1
13 GMO5 2009 29.1-35.8 1.200-1.650 masl 1
14 GMO08 2009 27.4-34.2 1.200-1.650 masl 1
15 Golden Agrihorta n/a 1.50-2.00 Highland 1
16 Granola L 2002 26.5 Highland 1.2
17 Kastanum 2011 24.50-34.03 1.250-1.500 masl 1
18 Kikondo 2008 18-24 1.000-2.000 masl 1
19 Krespo 2005 28.1 Highland 1
20 Maglia 2013 24.0-29.2 1.200 masl 1
21 Manohara 1999 20-37 Highland 1
22 Margahayu 2008 18-23 1.000-2.000 masl 1
23 Medians 2013 24.9-31.9 1.200 masl 1
24 Merbabu 17 2000 24 Highland 1
25  Olimpus Agrihorti 2015 15.5-23.3 Medium altitude 1
26 Papita Agrihorti 2019 1.5-2.0 Highland 1
27 Ping 06 2009 29.1-38.3 1.250-1.650 masl 1
28 Repita 2005 30-32 1.000 masl 1
29 Spudy Agrihorti 2018 27.6-40.8 Highland 1
30 Supejohn n/a n/a Highland 2
31 Tenggo 2005 335 Highland 1
32 Sangkuriang Agrihorti 2016 24.6-34.9 Highland 1
33 Ventrury Agrihorta n/a 23.2-32.9 Highland 1
34 Vernei 2011 21.1-35.6 1.250-1.500 masl 1

Source: 1. Humas Balitsa. (2019); 2. Mailangkay et al., (2012).

Genetic variation needs to be analyzed to determine which transcripts are affected by heat
stress. According to Hastilestari et al. (2018), there were 2950 transcripts detected on Agria vari-
ety leaves that were affected by heat stress in both control and heat-stress treatments. Meanwhile,
Hancock et al. (2013) stated that 2190 transcripts were affected by heat stress in the Desiree va-
riety leaves. After the alignment of both microarray data, we found 684 transcripts that were af-
fected by heat stress on both varieties. Furthermore, the transcripts were grouped into 21 func-
tional groups, namely hormones, lipid metabolism, various functions, energy metabolism, un-
known functions, proteins, photosynthesis, redox, ribonucleic acid (RNA), secondary metabolism,
signaling, stress, amino acids, cell walls, cells, growth, DNA, minor CHO metabolism, primary car-
bon metabolism, and transport (Figure 1). The categorization showed that the largest percentage
belongs to the group of genes whose function is unknown (33.23%), followed by protein
(12.15%), RNA (9.66%), and stress (9.22%).
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Figure 1. The functional groups of genes are affected by heat stress according to Hastilestari et al. (2014)
and Hancock et al. (2018).

Out of all the observed protein functional groups, the genes affected by heat stress were dom-
inated by ubiquitin-protein that functions as a degradation protein. Ubiquitin protein has a role in
adaptation to stress, such as heat stress (Xu & Xue, 2019). Furthermore, the E3 ligase protein was
also found to be the most abundant protein in the microarray results from both Agria and Desiree
varieties. This protein has a role to respond to environmental stimuli by influencing the transcrip-
tion factors underneath (Lyzenga & Stone, 2012).

The third most abundant functional group was RNA, which consisted of transcription factors.
These transcription factors play an important role in transmitting the received signal when there
is heat stress by interacting with the cis-element in the promoter so that the stress-related genes
can be expressed (Akhtar et al.,, 2012). The stress functional group ranked fourth on the functional
groups affected by heat stress. From both microarray data sets, HSP-associated transcripts had a
higher expression when plants were exposed to heat stress compared to control (Figure 2). The
heat shock protein group that had a relatively high expression was small HSP-chloroplastic
(PGSC0003DMG400003219), sHSP protein homolog (PGSC0003DMG400009255), Class II sHSP
le-HSP 17.6 (PGSC0003DMG400021737), and HSP (PGSC0003DMG400028634).

The microarray data by Hancock et al. (2014) (Figure 2.II) indicated that plants exposed to
heat stress had a higher increase in HSP-related transcripts compared to the study by Hastilestari
etal. (2018) (Figure 2.1). This phenomenon may be due to the differences in the heat stress treat-
ment between the two studies. Hancock et al. (2014) used heat treatment at 30°C and 20°C with

light or dark treatments and showed the higher result. Meanwhile, Hastilestari et al. (2018) used
heat treatment with a temperature of 29°C or 27°C.
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Figure 2. Relative HSP expressions I) by Hastilestari et al. (2018) and II) by Hancock et al. (2014). Accession
number: A) sHSP-chloroplastic (PGSC0003DMG400003219); B) sHSP protein homolog
(PGSC0003DMG400009255); C) Class I1 sHSP le-HSP 17.6 (PGSC0003DMG400021737); and D)
HSP (PGSC0003DMG400028634)

Hancock et al. (2014) reported that the sHSP protein (PGSC0003DMG400009255) expression
on the plants’ given heat-stress treatment has increased 1.000 times, while Hastilestari et al.
(2018) reported only 30 times to increase after heat-stress treatment. This gene is homologous to
AT4G10250 from Arabidopsis thaliana, which is reported to play a role in giving respond to heat
stress and other abiotic stress, such as osmotic stress and salinity. Besides, this gene also plays a
role in cell proliferation and differentiation (Ogawa et al., 2007).

Based on the microarray data obtained by Hastilestari et al. (2018) (Figure 2.1 A), the relative
expression of sHSP-chloroplastic (PGSC0003DMG400003219) transcripts was increased about
12 times after heat-stress treatment. Meanwhile, the data from Hancock et al. (2014) showed 300
times increase after heat-stress treatment (Figure 2.I1 A). This gene is located on the chloroplast
and reported to be homologous to HSP21 (AT4G27670) from A. thaliana. This gene is known to
interact with a nuclear protein called pTAC5 that has a role in chloroplast development when A.
thaliana encounters heat-stress conditions (Zhong et al., 2013).

The expression of PGSC0003DMG40002173 transcript, known as Class Il sHSP le-HSP 17.6,
was increased 9 times in Agria variety after 29°C heat-stress treatment and increased 50 times in
Desiree variety after 30°C heat-stress treatment. This gene has a role to stabilize the protein that
is denatured under heat-stress conditions. This gene has a high similarity with A. thaliana HSP
17.6 A (AT5G12030) (Mymrikov etal,, 2011; Siddique et al., 2008; Sun et al,, 2002).

Based on the microarray results obtained by Hastilestari et al. (2018), the expression of HSP-
related PGSC0003DMG400028634 transcripts was increased 9 times after heat-stress treatment,
while Hancock et al. (2014) results showed 375 times increase in its expression after heat-stress
treatment. This transcript is almost identical to HSP70 of A. thaliana (AT1G16030), which acts as
a chaperone in the protein folding process according to TAIR (The Arabidopsis Information Re-
source, Lamesch et al,, 2011). The potato plants with overexpressed Heat Shock Cognate (HSC 70)
were reported to have reduced adverse effects of heat stress. They also added that overexpression
of HSC70 was able to stabilize the crop yields.

Despite having different tuber morphologies, the potato plants’ resistance to heat stress is
influenced by the same genes, which are related to HSP. The higher the environmental tempera-
ture, the higher the expression of these genes. Thus, to develop a novel high-yielding variety of
potato plants with heat-stress resistant properties for cultivation on the middle elevation and low-
lands, it is necessary to have a parental variety that has a high expression of genes associated with
HSP.
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Conclusion

Based on the gene expressions obtained from Hastilestari et al. (2018) and Hancock et al.
(2013) on different potato varieties (Agria and Desiree, respectively), the largest functional group
associated with heat stress belongs to a gene group with unidentified functions, followed by pro-
tein, RNA and stress groups. The stress group was dominated by the HSP group with the highest
expression recorded from the sHSP protein homolog (PGSC0003DMG400009255). Although the
two potato varieties have different tuber morphology, both resistance against heat stress is influ-
enced by similar HSP gene groups. Therefore, local varieties with high HSP gene expression can
be used as parents in the development of novel potato high-yielding varieties with heat-stress-
resistant.
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