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Abstract Leymus chinensis (Leymus chinensis (Trin.) Tzvel.) is a good perennial forage with good palatability, high yield and
high feeding value. In addition, because of its strong resistance, Leymus chinensis can improve the disadvantaged environment such
as poor land, and it is an important species to protect grassland ecology in China. Therefore, in order to promote the germination of
leymus chinensis seeds and explore the mechanism of Germination, this study used sterile water treatment of leymus chinensis seeds
as control, exogenous GA3 as treatment conditions. Based on the analysis of pre-transcriptome data, it was determined that PGM and
SUS genes in sucrose and starch metabolic pathways play a significant role in seed Germination. Members identification, conserved
domains, and evolutionary trees were analyzed for both gene families using the bioinformatics method. The expression pattern of
PGM and SUS genes were analyzed with FPKM value. The results showed that 7 members were selected from each of the the PGM
and SUS families based on the data of Leymus Chinensis seeds transcriptome. The molecular weight of PGM genes ranged from 15
471.3 to 67 912.9 Da, and the isoelectric point value ranged from 4.45 to 6.31, showing weak acidity. PGM family in Leymus
Chinensis seeds are hydrophilic stable proteins. The molecular weight of SUS genes ranged from 30 421.5 to 110 262.9 Da. The
isoelectric point of SUS genes was neutral except LcSUSI,5 and 7, while the other four genes were weak acidic. LeSUS4,6 were
stable hydrophilic proteins, the rest were unstable hydrophilic proteins. The PGM and SUS gene families in Leymus chinensis seeds
play an enzyme role in promoting sucrose and starch synthesis in sucrose and starch metabolism pathways. The expression pattern
analysis of Leymus chinensis seeds showed that the genes of PGM and SUS gene families in GA3-treated Leymus chinensis seeds
promoted the germination of Leymus chinensis seeds by regulating the sucrose and starch pathways with different expression levels.
Keywords Leymus chinensis; PGM and SUS gene families; Bioinformatics analysis; Expression analysis

Phosphoglucomutase (PGM) is a member of the phosphohexose mutase family (Egli et al., 2010; Stray-Pedersen
et al., 2014; Weyler and Heinzle, 2015). Regulating and controlling the mutual conversion of glucose-1-phosphate
and glucose-6-phosphate, and further promoting the synthesis of glucose is its main role and function in plants
(Uematsu et al., 2012b; Chauton et al., 2013). Therefore, it plays a positive regulatory role in the sucrose and
starch pathway and participates in regulating the synthesis of sucrose and starch in plants (Paparelli et al., 2013;
Pal et al., 2013), thereby participating in the growth and development of plants. In plant research, the PGM family
can be divided into two types with different cell localizations: plastid localization (pPGM) and cytoplasmic
localization (cPGM) (Herbert et al., 1979). The main process of PGM is to produce glucose-1-phosphate from
glucose-6-phosphate. Glucose-1-phosphate can be introduced from the cytoplasm in heterotrophic tissues or
produced by photosynthesis in autotrophic tissues. There are also studies on plants lacking PGM gene regulation.
Malinova et al. (2014) studied Arabidopsis thaliana lacking ¢cPGM activity and found that its growth was
significantly inhibited, and starch synthesis slowed down. Fettke et al. (2012) studied the lack of activity
regulation of PGM in potato (Solanum tuberosum L.) and found that its external morphology showed that the
overall plant was short, and the number of tubers decreased. However, studies on the sugar metabolism of Lotus
corniculatus L. lacking pPGM regulation have found that the leaves cannot effectively accumulate starch, which
results in not being stained by iodine (Vriet et al., 2010). Therefore, it is proved that the lack of PGM gene
regulation greatly reduces starch synthesis in leaves and storage organs. Overexpression of PGM can effectively
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increase starch synthesis. Uematsu et al. (2012a) overexpressed pPGM through tobacco (Nicotiana tabacum L.)
leaves. Compared with wild-type plant leaves, they found that the activity of pPGM was improved in the leaves of
transgenic plants, and the content of starch is also increased by 2 to 3 times (Vriet et al., 2010), which indicates
that pPGM plays a role in promoting starch synthesis.

Sucrose is a key metabolite in the metabolic pathway of sucrose and starch. Sucrose cannot be used directly by the
plant itself, and only when it is broken down into other soluble sugars can it participate in various physiological
metabolic activities of the plant. Sucrose Synthase (SUS) is a restriction enzyme that acts in the process of plant
sugar metabolism (Chen et al., 2019). At present, there are many studies on the SUS gene family in plants. In
recent years, researchers have not limited to identifying this family in model plants but have also focused on
pepper (Capsicum annuum L.) (Wei et al., 2019) and pear (Pyrus spp) (Lv et al., 2018), seedless honey pomelo
(Honey pomelo) (Deng et al., 2018) and other plants. In the study of soybean (Glycine max (Linn.) Merr.), it was
found that members of the SUS gene family have tissue expression specificity. When the research on soybean
plants containing sucrose synthase mutants showed that the enzyme activity of SUS gene is associated with
nitrogen fixation by rhizobia in direct proportion to ability, lower SUS gene enzymatic activity will cause some
tissue degradation (Chao et al., 2018). Due to the reversible hydrolysis of sucrose by SUS, Maria et al. (2019)
studied tomato (Lycopersicon esculentum Mill.) and found that the reversible hydrolysis of sucrose mediated by
SUST1 is not only useful for maintaining the balance between sucrose and its monomers in fruits, but also for other
the balance in the tomato organs is crucial. Danyu et al. (2019) studied the SUS gene family in the phloem of
Arabidopsis thaliana and found that SUSy2 was present in the endosperm and embryo of developing seeds, while
other genes were found in different parts. Therefore, it was inferred that the SUS gene family was involved in the
process of sucrose metabolism in phloem. The PGM and SUS genes not only regulate the metabolism and
accumulation of sucrose and starch, but also catalyze the synthesis and decomposition of sucrose and starch and
have a variety of functions in the metabolic pathway of sucrose starch.

Leymus chinensis has the characteristics of strong rhizome penetration, so it can improve the disadvantaged land,
S0 as to protect the ecological environment of Chinese grassland (Liu and Qi, 2004). Systematic identification and
analysis of PGM and SUS gene families in Leymus chinensis can help to explore the germination mechanism of
seeds. Therefore, the basic biological properties of PGM and SUS gene families in seeds of Leymus chinensis
were analyzed in this study. This study through gibberellic acid (GA3) processing of Leymus chinensis seeds as
experimental material for the transcriptome sequencing, based on the transcriptome sequencing data of PGM in
Leymus chinensis and SUS gene families, verification and domain of conservative structure is analyzed and the
construction of the evolutionary tree and the analysis of the expression, etc., in order to for further research on
Leymus chinensis PGM and SUS gene families provide theoretical support for the function and high efficient
breeding Leymus chinensis.

1 Results and Analysis

1.1 Identification of PGM and SUS Gene Families in Seeds of Leymus chinensis

A total of 10 PGM sequences were obtained through local BLAST retrieval of transcriptome database. After
retrieval and analysis of CDD online database, 7 effective PGM protein sequences were finally obtained (Table 1).
It can be seen from the table that the number of amino acids encoded by the 7 LcPGM genes is 153-60, and the
theoretical molecular weight of the encoding protein is 15 471.3~67 912.9Da. The value of the isoelectric point of
the 7 LcPGM genes is found to be between 4.45~6.31 through the analysis of the isoelectric point, and the average
value is about 5.67, indicating that it mainly plays a role in the environment of weak acid cells. The prediction of
the instability coefficient showed that the values were all less than 40, so it could be presumed to be a stable
protein. The average hydrophilic coefficients were all less than 0, indicating that the proteins of these seven genes
were hydrophilic proteins. The results showed that the seven LcPGM proteins were different in predicting the
length of amino acid sequence and the physicochemical properties of the proteins, suggesting that LcPGM
proteins had different biological properties.
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Same as the method of obtaining LcPGM gene family, the 7 SUS gene protein sequences were finally obtained
from the local Leymus chinensis seed transcriptome database (Table 2). The number of 7 genes encoding amino
acids is 268~991, and the theoretical molecular weight of the encoding amino acids is the size is between 30 421.5
and 110 262.9 Da. Through isoelectric point analysis, it is found that LcSUSI1, 5, and 7 play a role in a neutral
environment as a whole, while the remaining 4 genes are weakly acidic. According to the prediction of the
instability coefficient, LcSUS4 and 6 were all less than 40, which were presumed to be stable proteins, while the
rest were all more than 40, which were presumed to be unstable proteins. Studies on the hydrophilic coefficient
showed that the values were all less than 0, so all the 7 genes were hydrophilic proteins. It can be concluded that
the seven genes are different in basic physical and chemical properties, indicating that they also play different
roles in biological characteristics.

Table 1 Identification of basic physical and chemical properties of LcPGM gene family members

Gene Transcriptome code  Protein Molecular Isoelectric  Instability Aliphatic = Grand  average  of
length (aa) weight (Da) point index index hydropathicity
LcPGM1 TRINITY_DN12586 606 67912.9 6.31 36.62 85.38 -0.333
LcPGM2 TRINITY _DN20225 336 36995.7 5.62 26.64 79.82 -0.192
LcPGM3 TRINITY DN28535 598 67374.8 5.24 38.52 86.62 -0.328
LcPGMA TRINITY DN33918 583 62823.7 6.70 33.22 93.91 -0.165
LcPGMS5 TRINITY_DN35067 153 15471.3 4.45 29.72 91.37 -0.246
LcPGM6 TRINITY_DN36197 565 61766.1 5.94 26.49 77.31 -0.317
LcPGM7 TRINITY _DN42222 602 64876.9 5.42 28.36 82.46 -0.145

Table 2 Identification of basic physical and chemical properties of LcSUS gene family members

Gene  Transcriptome code Protein Molecular Isoelectric  Instability Aliphatic ~ Grand average of
length (aa) weight (Da) point index index hydropathicity
LcSUSIT TRINITY _DN09823 419 46390.2 6.87 44.81 79.47 -0.474
LcSUS2 TRINITY_DN27621 507 58237.1 6.56 40.53 85.17 -0.304
LcSUS3 TRINITY_DN48483 799 89074.9 5.89 43.61 86.78 -0.429
LcSUS4 TRINITY_DN49067 268 30421.5 4.79 25.75 100.04 -0.144
LcSUSS TRINITY _DN50791 991 110262.9 6.82 45.72 85.02 -0.404
LcSUS6 TRINITY _DN50996 559 63702.0 5.28 36.01 93.85 -0.231
LcSUST TRINITY DNS52189 499 56418.9 7.28 42.81 85.63 -0.446

1.2 Analysis of conserved motif of LcPGM and LcSUS proteins

Analysis of the conserved Motif in the LcPGM and LcSUS protein by online software (Figure 1) shows that both
LcPGM and LeSUS protein contain 10 different conserved Motifs, and the Motifs contained in different gene
family members are also different Among them, in the LcPGM gene, Motif 3 appears in all other genes except
LcPGM 2, while LcPGM6 and 7 contain the same Motif structure and a large number of Motif, but the positions
are different. Similarly, LcPGMI1 and 4 contained the least number of Motif, only one, and the same action sites
were different. In the LcSUS gene, Motifl was found in all 7 genes, and Motif7 was also found in all 6 genes
except LcSUSI. LeSUSS contained 9 different domains, which was the gene with the largest number of domains,
while LcSUS4 only had 3 domains with different lengths. Therefore, it can be inferred that different genes in the
same gene family contain different domains and play significantly different biological functions in cells, and the
different motifs contained in different LcPGM and LcSUS indicate that PGM and SUS family members may have
different biochemical characteristics and biological functions.

1.3 Phylogenetic tree analysis of PGM and SUS gene families

In the PGM family, the whole evolutionary tree is divided into five subtribes, including Groupl subtribe contains
LcPGM7, and wheat (Triticum aestivum L.) of PGM gene has high homology, and contains a LcPGM4 in Group4,
also found a LcPGMS in Group5, while the rest is not found in the three subtribes, suggests that, though not in the
same subtribe, but there is still a low homology (Figure 2). In the SUS family, 12 subgroups were identified, and
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the SUS gene of Leymus chinensis seeds was divided into different subgroups. Group1 contained LecSUS2, which
had high homology with wheat TaSUS6, 12, and 20. LcSUS4 and 6 were classified into subgroup Group3 and had
high homology with maize (Zea mays Linn. Sp.), rice (Oryza sativa L.) and wheat, while LcSUS4 had direct
homology with ZmSUS6. Subgroup Group10, 11, and 12 contained LcSUSS, 3, 1, and 7, respectively, which had
different degrees of homology with rape (Brassica napus L.), maize, rice, arabidopsis thaliana, and wheat, among
which LcSUST had direct homology with TaSUSS. Therefore, it can be concluded that the homologous PGM and
SUS genes are similar in function, and the biological role of this gene family in the germination and metabolism
of Leymus chinensis seeds can be inferred based on the biological function information of the identified model

species.
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Figure 2 PGM and SUS gene family evolutionary development tree

1.4 Expression pattern analysis of PGM and SUS family genes in Leymus chinensis seeds

In order to analyze the gene expression patterns of Leymus chinensis seeds treated with exogenous GA3, we used
the transcriptome data of Leymus chinensis to make a heat map (Figure 3). LcPGMI1 and 3 genes were highly
expressed in Leymus chinensis seeds treated with GA3, so they significantly positively regulated the metabolic
pathways of sucrose and starch during seed germination. The expression levels of LcPGMS5,6, and 7 genes also
positively regulated the synthesis of sucrose and starch to varying degrees, while LcPGM2 and 4 played a
negative role in GA3 treatment, and the down-regulation of LcPGM4 expression was the most obvious. In the
process of regulating sucrose generated, GA3 treatment under the condition of Leymus chinensis seeds LeSUSS5
with the highest expression of the quantity, thus plays a major role in the process of synthesis of sucrose, and
LcSUST, 3,4 and 7 express the amount raised in the control group, in treatment group, the presentation, including
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LcSUS3 in the control group plays a major is the role of regulating sucrose synthesis. In general, PGM and SUS
genes played different positive and negative regulatory roles in sucrose and starch metabolism pathways to
promote seed germination in the GA3 treatment group.

LePGM3

Figure 3 Heat map of PGM and SUS genes under GA; treatment and sterile water treatment in Leymus chinensis seeds

2 Discussion

Due to the current high-throughput sequencing and bioinformatics technology has become a research hotspot, so a
large number of different functions and characteristics of gene families have been excavated, the gene family of
appraisal mainly includes the whole genome and transcriptome level appraisal, used in this study is based on the
transcriptome level to identify the PGM and SUS gene families. However, there are few analyses on the PGM
family at present, and most of the studies are mainly to identify this gene, for example, Tauberger et al. (2000)
studied the PGM gene in potatoes. In this study, through database BLAST, it was found that there were 16 PGM
genes in rape family, 12 PGM genes in wheat, and 7 PGM genes in Leymus chinensis transcriptome database,
which mainly had high homology with wheat in the same subgroup. Li (2015) conducted a silencing experiment
on PGM gene expression in Ganoderma Lucidum (Lyss.ex Fr.) Karst and concluded that PGM silencing would
lead to blocked synthesis of sucrose and starch metabolism pathways. However, this gene was also significantly
upregulated in sucrose and starch pathways in this study, so the main function of this gene family was discussed,
which was consistent with the research results. The number of amino acids in this study is about 153~606, and the
molecular weight is about 15~67 kDa, which is consistent with the description of Li et al. (2015). SUS gene
family is involved in sucrose metabolism in higher plant key genes that promote the synthesis of sucrose in the
process of the family, in the process of analyzing the SUS gene families, many species have been found to
identification was carried out, such as identified in the millet nine sucrose synthase gene (king, 2017), is a small
gene families, so the number of gene contained less, basic for 3 ~ 15 or so, with the number of genes identified in
this study, the research on its basic physical and chemical properties, found that the molecular weight and
isoelectric point range are consistent with previous research results. According to the phylogenetic relationship,
PGM and SUS genes were distributed in different subfamilies, which indicated that there were some differences in
evolution, and the functional diversity of the two genes could also be inferred.

PGM is a key branch enzyme in the glucose metabolism pathway, which can catalyze the reciprocal and inverse
transformation between GLC-6-P and GLC-1-P, thus promoting the effective degradation and synthesis of sugar,
and thus plays a crucial role in maintaining the balance of plant glucose metabolism. SUS is a soluble enzyme in
sucrose metabolism, and its activity can reflect the pathway and ability of plant sucrose synthesis. Sucrose
synthase exists in plants in three forms: soluble sucrose synthase, insoluble sucrose synthase and cytoskeleton
bound sucrose synthase (Lingle, 1999). Sucrose synthase is also the only enzyme that enables sucrose to
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participate in a variety of pathways, including plant tissue construction, material storage and cell metabolism (Li
et al., 2013). Gene expression studies have shown that SUS family members are not only specifically expressed in
plant tissues, but also related to the response of plants to stress. Wang et al. (2018) conducted salt stress treatment
on rice at booting stage and found that SUS activity in rice leaves was enhanced under mild salt stress, which
increased the accumulation of sucrose and starch and enhanced the stress resistance of the plant. However, with
the increase of salt concentration, SUS activity decreased significantly, sucrose synthesis rate slowed down, and
plant growth and development were significantly inhibited (Winter et al., 1997). These results indicate that the
SUS gene family members play an important role in plant growth and development and in the process of
resistance to stress. Therefore, sucrose synthase affects sucrose synthesis and decomposition, product transport,
and cell and tissue construction in plants (Chen et al., 2001). In this study, the PGM and SUS gene families were
significantly enriched when exogenous GA3 was added to Leymus chinensis seeds, suggesting that GA3 could
effectively promote the glucose metabolism pathway in seeds and provide energy for seed germination. Functional
annotations of these two gene families in Leymus chinensis seeds have been generally confirmed, which laid a
foundation for further research on related gene families in Leymus chinensis. Meanwhile, it provides effective
theoretical basis for promoting seed germination and increasing yield of Leymus chinensis.

3 Materials and Methods

3.1 Test materials

The seeds of Leymus chinensis (Leymus chinensis (Trin.) Tzvel.) were provided by the germplasm bank of
Grassland Research Institute of Heilongjiang Academy of Agricultural Sciences. The seeds were dried at room
temperature, then put into a ventilated cloth bag, and stored in a refrigerator at 4°C for later use.

3.2 Material handling

Choose Leymus chinensis seeds with full granules. First, soak with 5% sodium hypochlorite for 5 min, then rinse
with sterile water for 3 times, and finally rinse with 75% alcohol for two times for disinfection and clean with
sterile water for the next test.

Gibberellin treatment: a small amount of ethanol was added to dissolve GA3, then distilled water was added to
prepare a solution with a concentration of 200 mg/L (the concentration was set as the optimal concentration
obtained from the preliminary test).

After disinfection, the seeds (about 100 mg for each sample) were put into a beaker containing 50 mL 200 mg/L
GA3 solution and immersed in an incubator at 25°C for 24 h. The sterile water was used as the control, and the
treatment group and the control group were repeated for 3 times.

3.3 Identification of gene family members

Leymus chinensis seed transcriptome data is provided by this research group (part of the data is not published),
using model plants Arabidopsis and rice as seed sequences, searching the transcriptome database through local
blast comparison and searching directly in the transcriptome database using keywords , and use the Pfam and
NCBI databases to identify the protein conserved domains, and finally obtained the PGM and SUS genes in the 7
Leymus chinensis seeds respectively, named according to the local transcriptome data gene ID sequence, namely
LcPGM1-LePGM7, LeSUS1-LeSUST.

3.4 Analysis of basic physicochemical properties and conserved domains

Using software ProtParam (http://web.expasy.org/protparam/) prediction analysis of Leymus chinensis seeds PGM
and SUS protein sequence of molecular weight, isoelectric point, unstable factor, fat coefficient and average water
index and so on basic physical and chemical properties. Similarly, online software MEME (http://meme-suite.
org/tools/meme) and TBTools were used to analyze the conserved motif of PGM family proteins in Leymus
chinensis seeds.



Molecular Plant Breeding 2021, Vol.12, No.7, 1-8
http://genbreedpublisher.com/index.php/mpb

MolBreed Publisher

3.5 Phylogenetic tree analysis

Clustal X 2.1 and MEGA 5.20 were used to construct and optimize all the PGM and SUS protein sequences of
Leymus chinensis, arabidopsis thaliana, rice, maize, rape and wheat.The phylogenetic tree was constructed by
Neighbor joining (Neighbor joining, NJ) method.

3.6 Differential expression pattern analysis

Based on the FPKM value in the transcriptome database, the logarithmic log calculation method was used to
perform hierarchical cluster analysis on the expression data of PGM and SUS family genes. Use Tbtools software
to draw expression heat map.
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