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In order to promote the storage and growth of potato seedlings, the antioxidant activities of potato seedlings at diﬀerent storage
temperatures were analyzed. The antioxidant activities of potato seedlings at two diﬀerent temperatures were compared. In
addition, the eﬀects of high temperature and normal temperature on the growth phenotype and antioxidant system physiological
indexes of potato seedlings were analyzed by high temperature treatment. According to the signiﬁcant change characteristics of
SOD activity of antioxidant index at diﬀerent temperatures, the SOD genes of potato were screened and bioinformatics analysis
and gene expression analysis were carried out. The results showed that high temperature inhibited the antioxidant activity of
potato seedlings and aﬀected the growth of potato seedlings. The growth of potato seedlings can be promoted in medium and low
temperature environment. In the future research, the experimental results can be used as the theoretical basis for potato planting.

1. Introduction
Potato is an annual herb tuber plant, which is the fourth
largest food crop and the largest non-cereal food crop in the
world. It is widely planted in more than 150 countries and
regions in the world [1]. Potato has attracted worldwide
attention because of its high yield, ecological adaptability,
high economic beneﬁt, and rich nutrition. It is an important
food crop and economic crop suitable for grain, vegetable,
and industrial raw materials. Therefore, potato has promoted the development of world economy and played an
important role in strengthening world food security and
reducing poverty to a great eﬀect [2]. With the increasing
demand for potato vegetables, farmers began to plant potatoes in winter, which not only increased the utilization rate
of idle ﬁelds in southern China in winter and increased the
planting area of potatoes, but also further increased the
economic income of farmer s, increased the enthusiasm of

farmers for potato planting, and stimulated the development
of the industry from production to processing to
consumption.
Bad environment will aﬀect the growth and development
of plants; one of the most serious environmental factors is
temperature. The growth and development of plants at
diﬀerent stages (germination stage, seedling stage, vegetative
growth stage, and reproductive growth stage) are aﬀected by
high temperature. In the germination stage, the germination
rate, germination potential, germination index, and vigor
index were signiﬁcantly reduced under high temperature,
and the growth of root system was also signiﬁcantly
inhibited; in the seedling stage, the seedlings were extremely
prone to overgrowth, and even withered and died in severe
cases; in the vegetative growth stage, the growth was slow,
and the leaves grew short, accompanied by yellowing
symptoms; in the reproductive growth stage, high temperature would cause the growth of seedlings to grow slowly,
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and the growth of leaves would be shortened. It directly leads
to the shortening of ﬂowering period, the abnormal development of ﬂower organs, and the decrease of pollen
quantity and vitality, and the abnormal pollination and
fertilization will eventually lead to the decrease of seed
setting rate. The temperature of each growth stage of the
plant is directly aﬀected. Long-term high temperature or low
temperature stress will directly cause plant development and
even death. Aﬀected by environmental pollution, the climate
is abnormal and changeable, and plants are facing more and
more severe challenges.
Plant cell membrane is an intermediate substance between cells and external substances, and its composition is
closely related to the environment in which it is located.
Therefore, the stimulus of external environmental changes to
plants will ﬁrst be reﬂected in the plant cell membrane. In
terms of high temperature stress, cell membrane is the
central part of heat stress and heat resistance, and the stability of cell membrane also reﬂects the heat resistance of
plant itself. Potato is a kind of crop which cannot tolerate the
extreme change of temperature. High temperature will seriously inhibit the growth and development of potato. Potato
will produce many abnormal phenomena after high temperature stress, such as leaf wilting, stem drying, fresh fruit
burning, and so on. Once the damage is formed, the plant
will be diﬃcult to recover, and will seriously aﬀect the yield.
Potato is a cold loving crop with weak tolerance to low
temperature. Frost will seriously damage potato plants and
lead to yield reduction. High temperature will also seriously
inhibit the growth and development of plants. Generally, if
the temperature is higher than 26°C, the potato tubers will
stop growing, and higher temperature will even cause
damage to the plant.
Plants living in the natural environment are often
oppressed by environmental changes, resulting in damage,
which is usually closely related to the production and accumulation of oxygen free radicals [3]. In the face of aerobic
stress, plants have formed their own protective mechanisms,
including enzymatic antioxidant system and nonenzymatic
antioxidant system. Sod is a kind of protein and has a certain
catalytic ability. It is composed of metal and protein itself. It
exists in all parts of plant roots, stems, and leaves. Because of
the diﬀerent metal ions in its catalytic center, SOD can be
divided into diﬀerent types. Generally, SOD is expressed by
Cu/Zn SOD and Fe SOD, and the content is relatively stable.
However, only when the medium is short of Fe or Mn is
added to the medium/when Fe chelating agent was insufﬁcient, Mn SOD began to express [4], and diﬀerent environmental conditions could cause the diﬀerential expression
of SOD gene. Most of the research data show that the activity
of SOD will increase with the increase of temperature stress.
However, when the degree of stress exceeds the range that
the plant can bear, the activity of SOD will gradually decrease. When cucumber was exposed to low temperature of
13°C, the activity of SOD increased with the extension of
time, but when it was exposed to chilling injury of 28°C, the
SOD activity immediately showed a downward trend [5].
Similarly, in the face of high temperature stress, the activity
of superoxide dismutase (SOD) in kiwi fruit showed an
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upward trend in the early stage of high temperature treatment. However, under long-term stress, with the increasing
degree of stress, its activity showed a downward trend [6].
The main characteristic of plants under stress is the
imbalance of active oxygen metabolism. The dynamic
balance between the generation and elimination of reactive
oxygen species in plants is broken, so reactive oxygen
species gradually accumulate in plant cells, thus damaging
plant cells, and even death in severe cases [7]. SOD, pod,
and cat are the main enzymes for scavenging reactive
oxygen species in plants. In adversity, plants can initiate
stress response, activate antioxidants, induce antioxidant
enzyme activities, eﬀectively reduce membrane lipid peroxidation, and ensure membrane stability [8]. The activities
of SOD and cat in grape and Lysimachia were increased ﬁrst
and then decreased after high temperature stress. Although
sod is thought to remove O2− and prevent membrane lipid
peroxidation from damaging other components of cells, its
protective eﬀect is limited [9]. In the late stage of high
temperature stress, when the degree of stress exceeds the
tolerance of plants, the active center of enzyme will be
damaged, and the structure of enzyme protein or the expression of enzyme protein will be inhibited, which will
reduce the enzyme activity. When SOD scavenges O2−,
H2O2 can produce hydroxyl radicals and singlet molecular
oxygen, which will cause great damage to plant cells. H2O2
is removed by pod and cat, thus reducing the degree of
oxidation of unsaturated fatty acids and maintaining the
stability and integrity of cell membrane. Among them, SOD
is the ﬁrst line of defense in the enzymatic protection
system. Therefore, SOD expression is also used as an important physiological index to measure the heat resistance
of plants [10].
In this paper, the eﬀects of high temperature and normal
temperature on the growth phenotype and physiological
index of the antioxidant system of potato seedlings were
analyzed by treating potato plants with high temperature.
Compared with the traditional method, it is more stable and
safe. According to the signiﬁcant changes of SOD enzyme
activity of antioxidant index under diﬀerent temperature,
the potato SOD further screening, gene and gene expression
analysis, and bioinformatics analysis results under the high
temperature will help us better understand the inﬂuence of
the potato plant growth and physiological and biochemical
changes under diﬀerent temperature, and heat resistant
genes linked to the preliminary analysis and prediction of
potatoes, which will provide some theoretical basis to improve heat resistance potato research.

2. Analysis of Antioxidant Principle
Antioxidants can be divided into synthetic antioxidants and
natural antioxidants according to their sources. They are
used in many foods to prevent rancidity and lipid oxidation.
Due to concerns about the potential health hazards of
synthetic antioxidants, such as BHA, that are carcinogenic in
animal experiments, therefore, the research on ﬁnding safe
natural antioxidants in plants and the application of antler
has been in progress [11].
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Almost all plants have antioxidant capacity. At present,
researches focus on Chinese herbal medicine, spices, vegetables, fruits, plant drinks, and cereals. It has been found that
many kinds of fruits have strong antioxidant capacity, such
as berries, citrus, kiwi fruit, and so on. Lotus root, potato,
tomato, spinach, ginger, green pepper, and other vegetables
have strong antioxidant capacity [12]. Wine such as whisky,
Japanese rice wine, red wine, and Chinese rice wine have
strong antioxidant capacity. The antioxidant capacity of
green tea and black tea has been widely studied. The antioxidant active components of some herbs and spice plants,
such as red root grass, have been widely studied. For example, rosemary has strong antioxidant potential, which can
not only delay the oxidation of oil but also reduce the fading
of carotene.
The antioxidant activity of the extracts from wheat and
peanut bark was stronger than that of the oil extracted from
wheat and peanut bark. Industrial and agricultural waste
materials, such as potato subcutaneous residue, grape seed,
grape peel residue, apple pomace, etc., are cheap and effective sources of natural antioxidants. Fruits and vegetables
can protect the body from oxidative damage by enhancing
the activity of antioxidant enzymes. On the one hand, fruits
and vegetables can inhibit the oxidase system; on the other
hand, they can protect the body from oxidative damage by
enhancing the activity of antioxidant enzymes. The free
radicals in the organism are in the balance between the
enzyme regulated biogenic system and the biological protection system. Phenols in fruits and vegetables can combine
with the oxidase, aﬀect its conformation, and inhibit the
activity of the enzyme. Moreover, phenolic substances have
selective inhibitory eﬀect on the oxidase.
Natural antioxidants are often multifunctional, and the
mechanism of antioxidant reaction is diverse and complex,
and the antioxidant activity of antioxidants in food or biological system is aﬀected by many factors, so it is unreasonable to use a method to evaluate the antioxidant activity
of multifunctional food or biological antioxidants. At
present, the commonly used antioxidant activity methods
are mainly based on two types: (1) in a speciﬁc environment,
the antioxidant capacity of the tested substance is evaluated
by measuring the oxidation inhibition ability of the sample
to the lipid substances in the test system; (2) the antioxidant
activity of the tested substance is reﬂected by the scavenging
ability of the sample to the artiﬁcially generated free radicals;
ﬁnally, what method is used to indicate the end of the
oxidation induction period is the three elements of antioxidant activity determination. Any change of the three
elements will change the results, and even change the antioxidant activity order of each antioxidant. Each method
has its own advantages and disadvantages. It is important to
choose the suitable determination method for diﬀerent
antioxidants. The speciﬁc determination method of antioxidant activity is shown in Table 1.
In the process of this experiment, the appropriate
method will be selected according to the above principles to
complete the analysis of potato seedlings. In this experiment,
FRAP method will be used as the main experimental
method. This method takes less time and less money and
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requires simple equipment. Compared with other methods,
ABTS method is fast and simple and has strong correlation
with antioxidant biological activity. Therefore, it is widely
used in biological samples including serum, fruits and
vegetables, and some pure substances.

3. Experiment
Potato seedlings were planted at diﬀerent storage temperatures. The germination rate, plant growth potential, root
activity, leaf nitrate reductase activity, chlorophyll content,
and relative electrical conductivity of potato seedlings were
measured at diﬀerent temperatures to analyze the mechanism of the eﬀects of diﬀerent temperatures on the growth of
potato seedlings.
3.1. Experimental Materials. The materials used in this experiment were all from the Germplasm Resource Bank of
potato crop research institute of an agricultural and forestry
university. Among them, Hangyin 1 and Hangyin 2 were
introduced from Cornell University, P801 was introduced
from Zhejiang Academy of Agricultural Sciences, and
Zhongshu 3 was introduced from vegetable and Flower
Research Institute of Chinese Academy of Agricultural
Sciences. Xiaohuangpi was a local variety of Lin’an. Among
them, Hangyin 1, Hangyin 2, and P801 were purple sweet
potato genotypes; Zhongshu 3 and xiaohuangpi were yellow
potato genotypes. The above materials were planted in the
experimental base of potato crop research institute of an
agricultural and forestry university (Lin’an). The speciﬁc
potato seedlings are shown in Figure 1.
The above potato seedlings were used as the samples in
this experiment, and the antioxidant activity of the seedlings
under diﬀerent temperatures was compared. The functional
characteristics of potato peel polysaccharide are shown in
Figure 1. The solubility diagram showed that the three potato
peel polysaccharides had good solubility, and there was no
signiﬁcant diﬀerence in the solubility of the three polysaccharides, which were all above 95%. The good solubility of
polysaccharides makes them have high potential for practical application. There were signiﬁcant diﬀerences among
the three polysaccharides, among which PAL had the
strongest oil holding capacity (7.50 goil/g).
Polysaccharides with high oil retention ability can
maintain the intestinal microenvironment sugar in human
body, and have better potential application value in the
direction of functional food and medicine. The diﬀerent oil
holding capacity of polysaccharides is related to the structure
of polysaccharides. The foaming property (C) and foam
stability (D) were investigated. PAL showed the strongest
foaming activity (78.5%) and foam stability (43.2%).
3.2. Overview of Experimental Site. The experimental site is
located in the Houshan cultivation garden of a city university
of science and technology (104° 42.0302′e and 31°32.2546′ n),
belonging to the humid monsoon climate zone of northern
subtropical mountain, with distinct seasons, suﬃcient
sunshine, and suﬃcient rainfall. The altitude is 519 m, the
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Table 1: Determination of antioxidant activity in vitro.

Method
number
1

2

3

4

Method category

Determination content

Oxygen free grave absorption capacity
Total free grave trap antioxidant parameter method
Experiment on saﬀron bleaching
Determination methods involving hydrogen atom
Oxygen consumption inhibition test
transfer reaction
Inhibition of linoleic acid oxidation
Low-density lipoprotein oxidation inhibition test
A note on the parameters of reduction and oxidation resistance of
trivalent iron
Determination methods involving electron transfer
1,1-Diphenyl-2-picrylhydrazine method
reactions
Copper reduction
Determination of total phenols by folin phenidine
Total oxidation removal
Other determination methods
Chemiluminescence
Electrochemiluminescence
Fluorescence method

Figure 1: Potato seedling sample.

annual sunshine is 1298.1 h, the frost free period is 272 days,
and the rainfall is 963.2 mm. The annual average temperature is 16.3°C, the average temperature in January is 5.2°C,
the average temperature in July is 26°C, the extreme minimum temperature is −4.8°C, the extreme maximum temperature is 37°C, the soil type is yellow soil, the organic
matter content is 18.99%, and pH is 6.88. The terrain of the
experimental site is relatively gentle, the site conditions are
consistent, the soil layer is fertile, and the irrigation water
source is rich. The experiment process of potato seedling was
completed here.

ferric chloride, AR grade reagent, Tianjin Guangfu Fine
Chemical Research Institute.
Equipment was as follows: Shanghai Precision Instrument Co., Ltd. WSC-S color diﬀerence colorimeter, gel
imaging analyzer (PEI Qing JS-680D), ultramicro nucleic
acid detector (NanoDrop Lite), PCR instrument (Bio-Rad
T100TM Thermal Cycler), ﬂuorescence quantitative PCR
(Bio-Rad PCR), cold storage freezer box, Dk-s24 electric
constant temperature water bath pot, dz-400 vacuum
packaging machine, ar423 CN electronic balance, portable
pH meter, SB25-12DTD ultrasonic cleaning machine.

3.3. Experimental Reagents and Equipment. Reagents were as
follows: anhydrous sodium acetate, AR grade reagent,
chemical reagent, Guoyao Holding Co., Ltd.; acetic acid, AR
grade reagent, Tianjin Guangfu Fine Chemical Research
Institute; ethanol, AR grade reagent, Tianjin Guangfu Fine
Chemical Research Institute; hydrochloric acid, analytical
pure, Tianjin Yongsheng Fine Chemical Co., Ltd.; anhydrous

3.4. Experimental Methods
3.4.1. Preparation Before Experiment. The values of Hunter
L, a, and b were determined by wsc-s colorimeter of
Shanghai Precision Instrument Co., Ltd, where L∗ is the
brightness value, a∗ is the red degree, and b∗ is the yellow
degree. C∗ is used to indicate the brightness of the color [13].
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The extinction value method was used. 20 g of sample
was weighed and put into the beater, 200 ml of cold distilled
water was added, homogenized for 40 s, the ﬁltrate was kept
in a 25°C water bath for 5 min, and the absorbance a was
determined at 410 nm. The browning degree was expressed
as 10 a410.
3.4.2. Set Storage Temperature. The refrigerator was disinfected with 250 ppm chlorine water before the test, and the
samples were disinfected with the same concentration of
chlorine water. The potato seedlings were washed and
soaked in the color protection solution for 15 min, and the
water attached to the surface was removed and drained.
Then, they were separately packed in polyethylene tray and
packed in two layers of polyethylene ﬁlm. They were stored
in refrigerators at 10°C−30°C for 7 days. Samples were taken
every day. After 7 days, they were placed in 200°C environment for one day (the 8th day). The samples were taken,
and then the indexes were determined.
3.4.3. Preparation of Potato Seedling Sample Extract.
1.00 g potato seedling extract was put into a 50 ml triangular
ﬂask, 25 ml of 70% ethanol solution was added, and then it was
extracted in ultrasonic water bath for 30 min and centrifuged at
6000 r for 15 min, and the supernatant was poured into a 50 ml
volumetric ﬂask. The ﬁlter residue in the original triangular
ﬂask was added with 25 ml of 70% ethanol solution. After
shaking, it was extracted for 30 min in the ultrasonic water bath
(the same as the ﬁrst extraction), and then 6000 R centrifugation for 15 min. The supernatant was combined twice, and
the volume was ﬁxed into a 50 ml volumetric ﬂask with 70%
ethanol solution. The extract was prepared into the corresponding concentration for the determination of total antioxidant capacity and superoxide anion scavenging rate.
3.4.4. Determination of Total Antioxidant Capacity.
Reagent preparation: ﬁrst prepare reagent A: 0.3 mol/L
sodium acetate buﬀer solution (ﬁrst weigh 0.187 g of anhydrous sodium acetate, then add 1.6 ml acetic acid, and ﬁx
the volume with distilled water into a 100 ml volumetric ﬂask
for standby).
Preparation of reagent B: take 0.36 ml concentrated
hydrochloric acid, dilute it with distilled water to a 100 ml
volumetric ﬂask for standby, prepare 40 mmol/L hydrochloric acid solution, then weigh 0.156 g of 2.4.6-tripyridyl
triazine, and then dissolve 2.4.6-tripyridyl triazine with
40 mmol/L hydrochloric acid solution, and then ﬁx the
volume into a 100 ml volumetric ﬂask to prepare 10 mmol/L
tripyridyl triazine reagent.
Preparation of reagent C: weigh 0.548 g of ferric chloride,
dissolve it in distilled water, ﬁx the volume into a 100 ml
volumetric ﬂask, and prepare 20 mmol/L ferric chloride
solution. Determination of oxidation resistance of samples:
the sample solution was determined according to the
method of making standard curve. With 1.0 mmol/L FeSO4
as the standard, the antioxidant activity (FRAP value) of the
sample was expressed by the number of millimoles of FeSO4
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required to reach the same absorbance. The speciﬁc calculation formula is as follows:
FRAP �

X ∗ V2 ∗ n
.
W ∗ V1 ∗ 10

(1)

In formula (1), X is set as the concentration value of the
sample calculated according to the standard curve (mmol/L);
V1 is set as the sampling volume (L); V2 is set as the total
volume of sample liquid (L); W is set as the weight of raw
material (100 g); and n is set as the dilution ratio of the sample.
3.4.5. Determination of Total Phenol Content. Drawing of
gallic acid standard curve: accurately weigh 0.005 g gallic
acid, put it into a 50 ml volumetric ﬂask, and ﬁx the volume
to 50 ml with distilled water (the mass concentration is
0.1 mg/ml). Accurately suck 0.0, 0.1, 0.2, 0.4, 0.6, and 0.8 ml
of gallic acid standard solution, put them into 10 ml calibrated test tubes, respectively, add 5 ml of Folin reagent in
sequence, and let it stand for 4–8 min, then add 4 ml of 7.5%
Na2CO3, respectively, and ﬁx the volume to the scale. After
reacting for 1h at the dark place, take the reaction solution
without standard solution as the control, measure the absorbance at 765 nm, take the concentration of gallic acid as
the abscissa, and take the absorbance a value as the ordinate
to draw the standard curve. Take 1 ml of the prepared sample
solution, dilute it 10 times, use 70% absolute ethanol instead
of the sample as blank, determine according to the method
of making gallic acid standard curve, and add the following
formula to calculate the total phenol content in the sample
[14]. The speciﬁc formula is as follows:
TAE �

10 ∗ V2 ∗ X
.
W ∗ V1

(2)

In formula (2), TAE is set as the equivalent value of total
phenolic gallic acid of the sample (mg/g); V1 is set as the
concentration value of the sample converted from the absorbance value (mg/ml); V2 is set as the sampling volume
(ML); X is set as the total volume of the sample extract (ML);
and W is set as the weight of raw material (g). It is set as the
equivalent value of total phenolic gallic acid in the sample (mg/
g); it is set as the sample concentration value converted from
the absorbance value (mg/ml); it is set as the sampling volume
(ML); it is set as the total volume of the sample extraction
solution (ml); it is set as the weight of raw material (g).

4. Results and Discussion
4.1. Growth of Potato Seedlings. Potato seedlings have high
water activity and pH value, and cutting treatment can
damage the tissue protective layer, and cause nutrient
leakage; it is very easy to be contaminated by microorganisms, which makes the quality of potato seedlings decline, and the safety of planting is aﬀected. The results
showed that there was no spoilage caused by microbial
growth during the ﬁrst three days of storage at 5°C −15°C.
On the fourth day, the potato seedlings stored at 15°C began
to brown, and spread from the center to the outside, and the
potato seedlings began to soften and rot; on the sixth day, the
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4.2. Color Diﬀerence Analysis of Potato Seedlings. C∗ means
color. Color is one of the important parameters of potato
seedling health. During storage, the color changes due to
water loss, pigment oxidation, and other reasons, aﬀecting
its appearance.L∗ value represents brightness, and the decrease of L∗ can directly reﬂect the degree of surface
darkening caused by enzymatic browning or pigment aggregation in storage engineering. The lower the L∗ , the more
serious the browning. It can be seen from Figure 2 that the
change trend of L∗ value and C∗ value of potato seedlings
during storage is the same, which decreases with the increase
of storage time. Compared with the storage at 15°C, the value
of 5°C is larger, and the color is more distinct than that at
15°C. Compared with the storage at 15°C, the value of 5°C is
larger, and the color is more distinct than that at 15°C. In
other words, the color changes greatly under the storage
condition of 15°C, which may be caused by more water loss
at higher temperature. In addition, at higher temperature,
more pigments are oxidized, which may be one of the
reasons for the great color change. The value of potato
seedlings stored at 5°C was higher than that at 15°C during
the whole storage period, indicating that 5°C could maintain
the appearance quality of potato seedlings.
4.3. Browning Degree of Potato Seedlings. It can be seen from
Figure 3 that, on the 4th day, the browning degree of potato
seedlings stored at 15°C began to appear, and spread from the
center to the outside of the seedlings, and the potato seedlings
began to soften and rot. During the storage period of 1–5
days, the browning degree of potato seedlings stored at 15°C
increased slowly with the storage time, while the browning
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Figure 2: Color diﬀerence analysis results of potato seedlings. (a)
Color change curve of potato seedlings.

3.5
3.0
Browning degree (%)

potato seedlings stored at 15°C began to rot and grow hair,
and the browning was serious; on the seventh day, 90% of the
rot had already occurred. At this time, the fungi on the
surface of potato seedlings began to dominate, which caused
great harm to human beings. Plant in adversity stress after
reaching a certain degree (free radical metabolism in cells
balance is destroyed) produces a large number of free
radicals, and excess free radicals will cause harm to the cell
membrane structure and function, cause the cell membrane
lipid peroxidation and membrane lipid peroxidation
product malondialdehyde (MDA) to hurt cell membrane
structure and function, and increase the electrolyte leakage,
leading to cell membrane permeability increased. Zhao
Xinnan et al. studied the physiological eﬀects of potassium
application on drought resistance of Lanzhou lily and found
that potassium application reduced MDA content. The results of this experiment showed that potassium chloride
could signiﬁcantly reduce the MDA content and the increase
of relative electrical conductivity of potato leaves under
drought stress, indicating that potassium chloride could
reduce the lipid peroxidation of potato leaves. However,
potato seedlings stored at 5°C were not detected. The
browning point of potato seedlings stored at 5°C for one day
(i.e., the 8th day) began to appear. Therefore, in the laboratory determination, the indexes were determined at 15°C
for 5 days, 5°C for 7 days, and 20°C for 1 day.
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Figure 3: Analysis results of browning degree of potato seedlings.

degree increased rapidly at 5°C (1-3D), and from the 3rd day,
the browning degree of potato seedlings stored at 15°C increased slowly. The increase is slow and the change is not big.
It began to increase after the 6th day. There was signiﬁcant
diﬀerence in browning degree of potato seedlings after the 4th
day. Therefore, it can be considered that storage at 5°C can
eﬀectively alleviate the browning of potato seedlings.
4.4. Analysis of Total Antioxidant Capacity of Potato Seedlings.
Using FRAP method to combine the results of risk assessment into the risk management process to reduce the
deviation of threat assessment, the decision principle of risk
control measures is introduced according to the result of risk
assessment. FRAP method does not reﬂect the scavenging
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4.5. Analysis of Total Phenol Content in Potato Seedlings.
Polyphenols are common antioxidants in fruits and vegetables. Under the same treatment conditions, the contents of
antioxidant components in diﬀerent varieties are signiﬁcantly diﬀerent. The total phenol content of potato seedlings
in this experiment was determined as shown in Figure 5.
It can be seen from Figure 5 that the total phenol content
of potato seedlings at 5°C is higher. In the use of the experiment, due to the change of storage environment, there
will be a corresponding loss of total phenol content. The order
of total phenol content in use can be expressed as follows:
potato seedling in 5°C environment on the ﬁrst day, potato
seedling experiment in 15°C environment on the ﬁrst day,
potato seedling experiment in 5°C environment in middle
stage, potato seedling experiment in 15°C environment at 5°C
end of potato seedling experiment in 15°C environment on
the ﬁrst day. According to the data, the total phenol content of
potato seedlings in 5°C environment was higher.
4.6. Analysis of Physical and Chemical Properties of SOD Gene
in Potato. After analysis, the physicochemical properties of
potato SOD gene are shown in Table 2, and the protein length
is diﬀerent, Cu/Zn. The results showed that the shortest SOD2
was 167 amino acids, and the longest SOD1 was 309 amino
acids; the molecular weight ranged from 16834.23da to
34495.16da; the isoelectric points of Fe-SOD3 and Fe-SOD4
were 5.51 and 5.93, Mn SOD was 7.09, and the other SOD
gene isoelectric points were between 6.0 and 7.0; the instability index showed that the stability of potato SOD gene
proteins was poor; these proteins were hydrophilic eggs white.
4.7. Prediction of Phosphorylation Sites of SOD Gene in Potato.
Protein phosphorylation refers to the transfer of phosphate
groups on ATP or Gity sites to amino acid residues of
substrate proteins catalyzed by protein kinases. It is a basic
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Figure 4: Analysis results of total antioxidant capacity of potato
seedlings.
5.5
5.0
Total phenol content, Mg (g)

activity of certain free radicals, but the total reduction capacity of samples. Therefore, the results of FRAP method can
be used to reﬂect the total antioxidant activity of samples.
The curves of total antioxidant capacity of potato seedlings at
diﬀerent periods in this experiment are shown in Figure 4.
It can be seen from Figure 4 that, in the process of the
experiment, the FRAP value of potato seedlings in the environment of 5°C was the highest on the ﬁrst day of the
experiment. After that, the FRAP value decreased daily
during the experiment. The FRAP value of potato seedlings
in 15°C environment was slightly lower than that in 5°C
environment, and its change trend was the same as that of
potato seedlings in 5°C. However, the decreasing trend was
larger than that of FRAP value in 5°C environment.
Therefore, the antioxidant capacity of potato seedlings in 5°C
environment was ranked as follows: potato seedlings in 5°C
environment in the ﬁrst day, potato seedling experiment in
15°C environment in the middle stage, and potato seedling
experiment in 15°C environment in the end. In conclusion,
the antioxidant capacity of potato seedlings at 5°C was
stronger.
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Figure 5: Analysis results of total phenol content in potato
seedlings.

and common regulation mode in organisms. The phosphorylation sites of potato SOD gene were predicted in this
experiment, as shown in Table 3. SOD1 has the most potential phosphorylation sites, a total of 45, which contains 28
serine, 17 threonine, and only one tyrosine; Cu/Zn SOD1 has
the least potential phosphorylation sites, a total of 13, including 10 serine, 3 threonine, and no tyrosine.
4.8. Expression Analysis of SOD in Potato under High
Temperature. The expression of SOD gene in potato under
high temperature is shown in Figure 6. In this experiment, all
SOD genes are expressed in potato leaves, and the expression
of diﬀerent genes is diﬀerent under high temperature stress.
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Table 2: Physiial and chemical properties of potato SOD genes.

Protein
name
SOD1
Cu/Zn
SOD1
Cu/Zn
SOD2
Fe-SOD1
Fe-SOD2
Fe-SOD3
Fe-SOD4
Mn-SOD

Protein length
Mw (Da) PI
(aa)
309
33078 6.03
167

16834.23 6.87

Residue numbers of the
positive charge
31

Residue numbers of the
negative charge
33

Instability
index
35.89

Hydrophilic
value
−0.045

14

15

18.76

−0.138

215

22221.75 6.35

11

14

26.61

−0.021

258
251
304
214
231

29559.12
28323.24
34495.16
23808.13
25331.57

26
25
32
21
22

27
28
41
24
22

42.57
34.59
40.58
31.87
35.54

−0.248
−0.479
−0.532
−0.418
−0.315

6.12
6.67
5.51
5.93
7.09

Table 3: Prediction of phosphorylation sites of the potato SOD genes.
Protein name

Serine
27
10
15
20
18
10
8
9

SOD1
Cu/Zn SOD1
Cu/Zn SOD2
Fe-SOD1
Fe-SOD2
Fe-SOD3
Fe-SOD4
Mn-SOD

The numbers of potential phosphorylation site
Threonine
Tyrosine
17
1
3
0
15
2
9
4
12
3
12
6
4
4
6
4

6
5

4

Relative transcript level

Relative transcript level

5

3
2
1
0

4
3
2
1

0h
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4h

8h 12h 24h 48h 72h
Times

0

0h

2h

4h

8 h 12 h 24 h 48 h 72h
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Figure 6: Continued.

Total number
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Figure 6: Eﬀect of high temperature stress on SOD gene expression in potato. (a) SOD1. (b) Fe-SOD1. (c) Fe-SOD2. (d) Fe-SOD3. (e) FeSOD4. (f ) Cu-Zn-SOD1.

In the early stage of high temperature, the expression level
increased, especially at 2 h, which was about 2.5 times higher
than that under normal temperature. However, after 24 h,
the expression level was not signiﬁcantly diﬀerent from that
under normal temperature.
The expression levels of Fe-SOD1, Fe-SOD2, Fe-SOD3,
and Fe-SOD4 increased at high temperature. The expression
level of Fe-SOD1 reached the peak at 8 h, which was 2.3
times higher than that at room temperature. The expression
level of Fe-SOD2 reached the peak at 2 h, 6.47 times higher
than that at room temperature, and reached the peak at 8 h,
1.60 and 2.29 times that at room temperature, respectively.
The expression levels of Fe-SOD1, Fe-SOD2, and Fe-SOD4
increased signiﬁcantly in the early stage of high temperature,
but were inhibited after 48 h, while the expression level of FeSOD3 was still higher than that at room temperature in the
later stage. The expression of Cu/Zn SOD1, Cu/Zn SOD2,
and Mn SOD did not change signiﬁcantly. The expression of

Cu/Zn SOD2 at room temperature was 2.22 times higher
than that at high temperature at 12 h in Figure 6.

5. Conclusion
To study the eﬀects of diﬀerent storage temperatures on the
antioxidant activity of potato seedlings, the innovation lies in
completing the main experimental process through the
determination of physiological indexes, including growth
morphology indexes, antioxidant indexes, and photosynthetic indexes. Growth morphological indicators included
plant height, stem diameter, leaf length, leaf width, leaf fresh
weight, and dry matter weight. The results showed that the
color and brightness of potato seedlings could be inhibited
by temperature, and the length and width of potato leaves
were signiﬁcantly less than those under normal temperature.
The fresh weight and dry weight of leaves continued to
decrease with high temperature, indicating that high
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temperature could signiﬁcantly aﬀect the growth and inhibit
the growth of potato.
Through this study, it can be determined that diﬀerent
storage temperatures have an eﬀect on the antioxidant activity
of potato seedlings. When the temperature was too high, the
antioxidant activity of potato seedlings was destroyed. High
temperature inhibited the antioxidant activity of potato
seedlings. The water content of potato seedlings decreased
gradually, and brightness and freshness decreased during
storage. However, compared with 15°C, potato seedlings
stored at 5°C maintained better apparent quality. The results
showed that the total phenols and antioxidant capacity of
potato seedlings increased during storage at two temperatures, but the increases of total phenols and antioxidant
capacity at 5°C were smaller than those at 15°C, which may be
related to the increase of browning degree after 3 days at 15°C.
In the storage of potato seedlings, temperature is an
important factor, but potato seedlings are aﬀected by various
environmental factors. Therefore, diﬀerent storage methods
can be used to compensate for the defects of potato seedlings. Moreover, the increase of antioxidant capacity and
material changes in potato seedlings need further theoretical
research, which can be better explained by the research on
enzyme level and gene level. In future research, the following
aspects should also be studied:
(1) The research on the physiological mechanism of
potato can be carried out in the seedling stage of
potato, and diﬀerent stages can be set up, such as
mature stage, ﬂowering stage, etc.; at the same time,
the root, stem, tuber, and other diﬀerent parts of
potato can be carried out, so as to further study the
mechanism of high temperature tolerance
(2) The results showed that GRF gene could regulate the
growth of potato leaves in two directions, and the
function of GRF gene could be further veriﬁed.
Meanwhile, GRF gene could be expressed and veriﬁed in diﬀerent parts of potato plants
(3) The preliminary screening of Fe SOD gene can further
verify its gene function and explore the correlation
between SOD gene and potato high temperature
(4) We can use transcription method to ﬁnd other genes
that can coordinate or resist high temperature, and
further study them
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