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Abstract

:

Due to climate change and global warming, the frequency of sandstorms in northern China is increasing. Stipa breviflora, a dominant species in Eurasian grasslands, can help prevent desertification from becoming more serious. Studies on S. breviflora cover a wide range of fields. To the best of our knowledge, the present study is the first to sequence, assemble, and annotate the S. breviflora genome. In total, 2,781,544 contigs were assembled, and 2,600,873 scaffolds were obtained, resulting in a total length of 649,849,683 bp. The number of scaffolds greater than 1 kb was 70,770. We annotated the assembled genome (>121 kb), conducted a selective sweep analysis, and ultimately succeeded in assembling the Matk gene of S. breviflora. More importantly, our research identified 26 scaffolds that may be responsible for the drought tolerance of S. breviflora Griseb. In summary, the data obtained regarding S. breviflora will be of great significance for future research.
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1. Introduction


Belonging to the family Gramineae, Stipa breviflora Griseb. is a dense perennial xerophytic herb. It is widely distributed in the desert area of Yongdeng and Lanzhou and extends along the southeastern edge of the desert steppe to the typical steppe area of northeastern China. The central distribution of Stipa breviflora is the Loess Plateau [1]. The distinguishing geographical distribution of S. breviflora makes it an excellent model for studying the genesis and evolution of grassland species and modern microevolution.



As the climate has become increasingly warmer, more than 90% of natural grasslands in northern China have experienced degradation and desertification, which has led to frequent sandstorms [2]. As a dominant species in Eurasian grasslands, S. breviflora plays an important role in resisting the threat of desertification. As an indicator of the desert steppe, S. breviflora can survive adaptively under drought conditions. S. breviflora has several advantages over other grassland plants, such as drought tolerance, earlier regreening, high productivity, and grazing tolerance. These attributes make S. breviflora one of the most important components of the Eurasian Steppe. Hence, studies on S. breviflora are of great significance not only in theoretical ecology, but also in maintaining the ecological security of China.



S. breviflora is the dominant species in the experimental area, where the natural conditions are harsh and the grassland ecosystem is exceptionally fragile. Over an extended period of unrestricted grazing, this area has been in a state of negative balance between input and output, resulting in severe ecosystem degradation. However, under mild to moderate grazing pressure, such grasslands exhibit relatively stable primary productivity levels. S. breviflora plays a crucial role in shaping the appearance and environmental conditions of the community and gives rise to unique landscape features.



The molecular mechanism of drought tolerance is a concerning issue. The development of next-generation sequencing (NGS) technology has provided researchers with a method through which to address this issue in non-model species, such as S. breviflora. Additionally, the k-mer method has been successfully applied for genome size estimation using NGS technology [3], such as in Chinese jujube [4], Rosa roxburghii Tratt [3], Switchgrass [5], Gracilariopsis lemaneiformis [6], Cucumis sativus [7], and Myrica rubra [8]. Studies on S. breviflora involve a wide range of fields, such as taxonomy, geographical distribution, species morphology, population ecology, community ecology, interspecific relations, and grazing utilization [9,10,11,12,13,14,15]. However, as far as we know, research on the molecular biology of S. breviflora is limited.



The chromosome number (2n = 42) of S. breviflora has been reported [16], and Zhao Lei et al. explored simple sequence repeats (SSRs) as molecular markers [17]. Zhao Qing et al. found that the genetic diversity of the S. breviflora population was related to thermal factors using random amplified polymorphic DNA (RAPD) [18]. An analysis of the S. breviflora genome has not yet been reported. We aimed to accelerate the study of S. breviflora and provide a theoretical basis for the rational utilization and protection of S. breviflora by providing more information about its genome using NGS and by laying a molecular foundation for future study. In this study, we estimated the genome size, GC content, and heterozygosity rate, performed molecular phylogenetic analysis, detected single nucleotide polymorphisms (SNPs), and annotated drought-tolerant loci in S. breviflora scaffolds. These data will be used in our future research.




2. Materials and Methods


2.1. Plant Materials and Sampling Methods


Stipa breviflora plants were collected from the desert steppe of Duhu Sumu Harden Hushu Gacha, Sonid Right Banner, XilinGol League, Inner Mongolia (N42°16′26.2″, E112°47′16.9″), located in the continental monsoon climate region at an altitude of 1100–1150 m. Sonid Right Banner is located in the temperate continental monsoon climate zone, which includes a long and cold winter and a short and cool summer with limited and concentrated rainfall. There is ample sunshine in addition to large temperature variations and numerous windy days. Spring and autumn exhibit significant temperature variations, and the frost-free period is short. The annual average precipitation is 177.2 mm, is unevenly distributed from south to north, and decreases from east to west. Precipitation during the growth stages of grasslands, which amounts to around 160.1 mm, constitutes about 90% of the annual total and is mostly concentrated from June to August. The terrain is gently sloping and is covered by a substantial amount of Tertiary Mesozoic red sandstone, sediment, and gravel layers, with a thinner layer of Quaternary residual deposits on top. The soil is a zonal soil transitioning from desert grassland to desert. The surface is prone to sandification, with organic matter content ranging from 1.0% to 1.8%. The soil type is primarily Haplic Kastanozem (FAO).



Ten individual S. breviflora plants were carefully chosen to represent diverse age structures, with their selection being primarily based on their basal stems, for which the criteria were as follows: seedling, 0.1–0.3 cm, 0.4–1.0 cm, 1.1–2.0 cm, 2.1–3.0 cm, 3.1–4.0 cm, 4.1–5.0 cm, 5.1–7.0 cm, 7.1–9.0 cm, and >9.0 cm. The specimens were transported from the steppe to Beijing at a low temperature. Total DNA was extracted from approximately 100 mg of young leaf tissues using the CTAB method [19], for which we referred to the procedure of Jinlu Li et al. DNA quality and concentrations were assessed using 1% agarose gel electrophoresis with ethidium bromide staining and a Nanodrop K5500 Microvolume Spectrophotometer with a Qubit, respectively.




2.2. Genome Sequencing


The 10 DNA samples were pooled equimolarly before library construction and were designated as ZM1. Library construction and sequencing were performed at the Annoroad facility in Beijing, China. The RAD libraries of the tissues were prepared for paired-end sequencing, with steps including double enzyme restriction, adapter ligation, fragment selection, quantitation, PCR amplification, and quality control [20].



2.2.1. Library Preparation


	(a)

	
Fragmentation: A total of 2 μg of genomic DNA of each tissue was digested for 6 h at 37 °C in a 25 μL reaction with MseI and SacI (recognition site: T|TAA and GAGCT|C).




	(b)

	
Adapter ligation: After recovery, a single “A” base was added to one end. DNA adapters containing sequences necessary for binding to the Illumina HiSeq 2500 system were ligated to the DNA fragments.




	(c)

	
Size selection: Fragments with adapters were selected based on size to ensure consistency in sequencing according to the manufacturer’s protocol.








2.2.2. Library Amplification


PCR amplification: The DNA fragments with attached adapters were amplified through PCR to create enough DNA for sequencing.




2.2.3. Quality Control and Sequencing


The size distribution of the library was assessed. High-throughput sequencing technology that used an Illumina HiSeq 2500 system with PE125bp reads was employed to generate data according to the manufacturer’s protocol. Clean reads were obtained after removing low-quality reads from the libraries, including reads containing contaminated adapters, low-quality nucleotides, and unrecognizable nucleotides.



The steps of data processing were conducted as follows:




	(1)

	
A paired read was discarded if at least one read of the pair contained a contaminated adapter.




	(2)

	
A paired read was discarded if more than 10% of the bases were uncertain in at least one of the reads.




	(3)

	
A paired read was discarded if the proportion of low-quality (Phred quality < 5) bases was over 50% in at least one read (Table 1).











2.3. Genome Size Estimation, Assembly, and GC Content Analysis


After filtering for the genome survey study, 23.087 Gb of clean data were obtained. K-mer analysis was employed to estimate the genome size. The relationship was expressed using the following algorithm: genome size = k-mer num/peak depth. Thus, information on the peak depth and the number of 17-mers was obtained. Genome characteristic estimation (GCE) software was used on the preprocessed reads, where k-mer sizes of 14, 17, 19, and 21 were examined using default parameters, and then we selected the optimal k-mer size according to the N50 length [21]. The Short Oligonucleotide Analysis Package (SOAP) software was used to reconfirm the size. Assembly was performed using SOAPdenovo2 (http://soap.genomics.org.cn, accessed on September 2016)—a genome assembler developed specifically for use with next-generation short-read sequences [22]. First, 125 base reads from fragmented small-insert-size libraries were selected for realignment into contigs using sequence overlap information. Contigs were not extended into regions in which repeat sequences created ambiguous connections. Then, contigs were joined into scaffolds step by step, from the shortest (150 bp) to the longest (10 kb). While these assembled sequences could not be used to construct a high-quality S. breviflora genome, they fulfilled our genome survey requirements. Therefore, they were used for subsequent analyses, such as the calculation of GC content, gene annotation, cluster analysis, and repetitive sequence analysis.




2.4. Gene Annotation and Cluster Analysis


After assembling the S. breviflora genome with a filtering scaffold of <1000 bp for de novo annotation, we annotated genes based primarily on homology to what was reported in the stipe genus genes. From common databases and the NCBI database (https://www.ncbi.nlm.nih.gov, accessed on October 2016), we collected 907 stipe genes (Table S1). BLAST alignment (https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on October 2016) was performed between the assembled genome (>1 kb) and these genes (Table 2) [23]. In our investigation of the drought tolerance of S. breviflora, we identified 205 drought-tolerant genes that were previously reported in other specimens within the Gramineae family (Table S5). For cluster analysis, we downloaded 134 different MatK gene sequences of chloroplasts from the GenBank database (Table S2). The MAFFT program was used to align them (https://mafft.cbrc.jp/alignment/software/, accessed on January 2017) [24]. For phylogenetic construction, we employed the maximum likelihood method using the Fast Tree program with default parameters (http://www.microbesonline.org/fasttree/, accessed on January 2017) [25].




2.5. Repetitive Sequences and Selective Sweep Analysis


RepeatMasker (http://www.repeatmasker.org/RepeatMasker/, accessed on March 2017) was employed to identify repeats in the assembled genome [26]. The ‘MISA’ mode of SciRoKo was used to identify SSR motifs with the default parameters [27]. At the same time, SSR repeats for mono-, di-, tri-, tetra-, penta-, and hexanucleotides were identified. To detect putative signatures of selection, high-quality SNPs from S. breviflora were identified. Allele counts at SNP positions were used to identify signatures of selection in a sliding 1-kb window with a step size of 500 bp by scanning along S. breviflora chromosomes at all SNP positions. With the numbers of reads corresponding to the most and least abundant alleles (nMAJ and nMIN), we calculated the heterozygosity score in each sliding 1-kb window as follows: Hp = 2∑nMAJ∑nMIN/(∑nMAJ + ∑nMIN)2, where ∑nMAJ and ∑nMIN are the sums of nMAJ and nMIN, respectively, for all SNPs in the window. Individual Hp values were Z-transformed as follows: ZHp = (Hp − μHp)/σHp [28].





3. Results and Discussion


3.1. Genome Size Estimation, Assembly, and GC Content Analysis


We generated about 23.087 Gb of 125 bp paired-end reads from the sample. Before de novo assembly, we analyzed the genome size of S. breviflora using different software-aided GCEs and the KmerFreq_AR model of SOAPec. The results of the GCEs with different k-mers (14, 17, 19, and 21) showed that k-mer 17 was preferable for estimation. The peak of the 17-mer distribution was approximated at 11, and the total K-mer count was 20,624,226,664. According to the formula of genome size = k-mer num/peak depth, the genome size of S. breviflora was approximated to be 1G (Table 1). The assembled genome (606 Mbp) was significantly smaller than the estimated genome size, which was possibly due to the removal of shorter sequences and support for shorter sequences during assembly.



We did not observe a sub-peak in the k-mer analysis; therefore, the heterozygosity rates may have been low. The fat tail shown in Figure 1 indicates that there may be a high level of repeats in S. breviflora.



A total of 23.087 Gb of clean data were used to carry out de novo assembly with the SOAPDenovo software. We contracted k-mer 17 with SOAPDenovo for optimal assembly. At this point, we assembled 2,781,544 contigs, of which 6359 bp was the longest. Then, the total size of the scaffolds was 649,849,683 bp with N50 = 307 bp. The total gap length (Ns) was 7,619,172 bp (Table 3). The average genome coverage was 27.9199%. The average GC content of S. breviflora was about 44.16%, which was higher than those of Arabidopsis thaliana (35.97%), Glycine max (34.21%), Sorghum bicolor (41.56%), and Solanum tuberosum (34.8–36.0%) [29], lower than those of Brachypodium distachyon (46.21%) and Zea mays (46.60%), and similar to that of Oryza sativa (42.41%) [30]. Moreover, the too-high mA content (>65%) and too-low (<25%) GC content may have caused sequence bias on the Illumina sequencing platform, thus seriously affecting the genome assembly [31].




3.2. Gene Annotation and Cluster Analysis


Based on the assembled genome of S. breviflora, 70,770 scaffolds (>1 kb) were used for de novo annotation. Because our data were derived from pooled DNA samples and short assembly scaffolds and were intended for a genome survey of S. breviflora, we opted to align only several specific sets of genes. First, we found that the longest among the 70,770 scaffolds was 10,967 bp, which was a DNA sequence from the chloroplasts. From the NCBI database, we obtained two chloroplast sequences from species of the same genus—Stipa lipskyi and Stipa purpurea. The lengths of those two DNA sequences were 137,854 and 137,370, respectively. C-Sibelia analysis showed that 25 similar sequences were present in these three species (Figure 2). The information on these 25 genes is provided in Table S3. Determining the functions of these 25 genes is a follow-up research direction.



Second, with the 907 genes from common databases (Table S1), we annotated 70,770 scaffolds with a similarity greater than 90%. Scaffold No. 236,457 represented a well-known matK gene (Figure 3).



The MatK (MaturaseK) gene is a plant plastidial gene that plays a role in Group II intron splicing [32]. This chloroplast-encoded gene, which is highly conserved in plant systems, was used for the analysis of variants, transition/transversion rates, and molecular phylogeny [33]. The 134 different MatK gene sequences from NCBI and scaffold No. 236,457 were aligned using the MAFFT program. The maximum likelihood method was employed using the Fast Tree program for phylogenetic construction. Cluster analysis showed that two main clusters were separated from each other: One included S. regeliana, S. bugeana, S. subsessilliflora, S. roylei, S. offineri, S. sibirica, and S. capensis, while the second contained S. pennata, S. caucasica, and so on. However, S. breviflora did not belong to either of these two main clusters (Figure 4). Intriguingly, we found that Stipa margelanica was similar to S. breviflora in this respect.



With increasing global temperatures, water scarcity is becoming a major issue for many plants. As one of the most important vegetation types in the desert steppe, S. breviflora has excellent drought resistance. To study the drought tolerance of S. breviflora, we identified 269 reported drought tolerance genes in Gramineae.



For these genes, we annotated the 70,770 scaffolds. We found 34 annotated fragments of 26 scaffolds (Table S4). Then, cluster analysis was performed for the 26 reported genes and 26 scaffolds. UPGMA analysis showed that all 52 fragments were clearly separated from each other (Figure 5), which indicated that the reported genes and assembled ones may have similar functions in which we are interested.




3.3. Repetitive Sequences and Selective Sweep Analysis


Repeated sequences (also known as repetitive elements or repeats) are patterns of nucleic acids (DNA or RNA) that occur in multiple copies throughout the genome. In total, 18,234 repeats were detected in the assembled scaffolds. The percentage of repeats was approximately 25.77%, which was lower than those of Zea mays (64–73%) [34] and Solanum tuberosum (64.2%) [35] but similar to those of Oryza coarctata and Oryza officinalis (25–66%) [36]. The number of repeats was ordered using LINEs (78), DNA elements (29), LTR elements (26), and SINEs (7) (Table 4).



SSR markers are among the most highly polymorphic and reliable tools for genetic map construction and genetic diversity analysis [37]. In total, 12,438 different SSRs, including mono-, di-, tri-, tetra-, and pentanucleotides, were detected (Figure 6). The most abundant types of SSRs, aside from mononucleotides, were dinucleotides, followed by trinucleotides, tetranucleotides, and pentanucleotides. These SSRs can be used for primer design in the future to assess the diversity of S. breviflora, thus providing insights into environmental changes.



AG/CT (1175) and AT/AT (805) were the most numerous in repeats, followed by AC/GT (529), CCG/CGG (336), AGG/CCT (306), AGC/CTG (261), AAG/CTT (210), AAT/ATT (136), and CG/CG (126). The most repeated tetranucleotide motif was ACGC/CGTC (16). Therefore, there was about 1 SSR per 10 kb in the S. breviflora genome. This was in agreement with the results of the k-mer analysis (Figure 7).



Recently, the first draft of the genome of feather grass, Stipa capillata, was reported [38]. This genome features a single-molecule, long-read sequencing dataset, which is distinct from our paired-end sequencing approach. While the genome size and GC content align with our estimates, differences in mono-, di-, and trinucleotide repeats suggest variations in genomic structure between the two species. Additionally, we leveraged FastANI to compare our genome with the reported one, yielding an ANI output of 94.8576, just below the threshold of 95, indicating that S. breviflora and Stipa capillata are indeed distinct species. However, with high similarity, the subsequent utilization of this set of genes can allow perfect assembly of short-flowering needle grass.



Due to their high-density genetic stability, SNPs are most conveniently useful in large-scale and high-throughput genome studies. With the assembled S. breviflora genome sequence as a reference, we realigned all clean reads with the reference to identify heterozygous SNPs.



Based on the 100,341,373-locus genome assembly, we identified all positive SNPs and eliminated those with (a) hard filtration with the parameter ‘QD < 2.0 || FS > 60.0 || MQ < 40.0 || MQRankSum < −12.5 || ReadPosRankSum < −8.0′, (b) total depth ≥ 10, or (c) allele number = 2. A final set of 79,015 high-quality SNP loci fulfilling these criteria remained and represented regions of the genome that were heterozygous. Heterozygosity (He) refers to the likelihood that an individual at a polymorphic locus carries any two different alleles, i.e., the likelihood of being a heterozygote. The Hp method is an effective genomic selection approach that can be employed in plant breeding for rapid selection and improvement of specific genotypes. Due to genetic drift, it was hard to set a strict threshold that would distinguish true selective sweeps from the regions affected by drift. We were concerned that those regions where the SNP number was greater than 40 and Hp was greater than 0.4 were putative selective sweep areas. As a result, 204 putative sweeps remained (Figure 8). Further functional studies of these loci showed that they were involved in embryo development, ending in seed dormancy (GO:0009793, p = 0.0057) and embryo development (GO:0009790, p = 0.0067). Both were related to the root meristem specification. These results may be justified by the drought conditions of the steppe.



Currently, NGS technology and the k-mer method are being used by researchers to study non-model species. The findings gleaned from this investigation hold potential significance for prospective whole-genome sequencing initiatives involving S. breviflora. In this research, a genome survey of S. breviflora was carried out, and we estimated the genome size of S. breviflora to be about 1 Gb. Flow cytometry is also used to estimate genome size [39]. Thus, flow cytometry could be conducted to estimate the precise genome size of S. breviflora. We assembled these reads and obtained a total of 2,781,544 contigs. Furthermore, we obtained 2,600,873 scaffolds with a total length of 649,849,683 bp. The number of scaffolds (≥1 kb) was 70,770.



With those 70,770 scaffolds, we found that 18,234 scaffolds contained repeat sequences, which comprised 25.76% of the assembled genome. At the same time, the mono-(59%), di- (26%), and tri- (14%) nucleotide repeats comprised nearly 99% of the SSRs, and the sequence motifs AG/CT (1175), CCG/CGG (336), and ACGC/CGTC (16) were the most abundant among the dinucleotide, trinucleotide, and tetranucleotide repeat motifs, respectively. SSRs are among the most useful tools for molecular markers. However, no genome-wide SSR markers have been published. Zhao et al. screened seven primers from the homologous species Stipa purpurea [17]. Limited genomic information on S. breviflora impeded genetic studies. In this study, we shed light on the use of SSR markers. A total of 12,438 SSRs derived from the S. breviflora genome survey could guide the construction of high-density linkage maps. The generated dataset could also contribute to the understanding of the evolution of the S. breviflora genome.



S5 research is growing out of concern for climate change and global food safety. A significant exponential increase has been observed in the rate of transgenic or mutant plants tested for drought resistance in the last 20 years [40]. An assortment of genes in this study with diverse functions were shown to be induced or repressed by drought conditions. Yang et al. [41] classified drought resistance genes into the following three categories: (1) stress-responsive transcriptional regulation (e.g., DREB1, AREB, NF-YB); (2) post-transcriptional RNA or protein modifications, such as phosphorylation/dephosphorylation (e.g., SnRK2, ABI1) and farnesylation (e.g., ERA1); (3) osmoprotectant metabolism or molecular chaperones (e.g., CspB). We divided them, however, into functional genes and regulatory genes according to their different roles in plants. Functional genes can enhance osmotic accumulation, detoxification, antioxidant, and/or bio-molecule synthesis functions. Regulatory genes are transcription factors that can regulate downstream drought tolerance genes. These 26 genes are listed below in Table 5. Cluster analysis indicated their categorization into seven distinct clusters. However, upon closer examination of these genes, we discovered that they perform distinct roles in different species. This suggests that the mechanism of drought tolerance is intricate and multifaceted. The drought tolerance genes found in this study may improve our understanding of the molecular mechanisms of S. breviflora. Stipa breviflora uses various mechanisms to survive and prosper in a drought climate. To gain a better understanding of how these genes work, more research is needed.





4. Conclusions


In this study, we presented the first data on the structure of the S. breviflora genome, which will be useful for future research. We generated approximately 23.087 Gb of clean data to perform a comprehensive genome survey of S. breviflora. Currently, a second-generation sequencing approach is being employed to investigate the genome of S. breviflora, a species of foxtail grass. The objective is to gain initial insights into the research subject in order to pave the way for the subsequent utilization of advanced technologies such as third-generation sequencing for chromosome genome sequencing. This study will also yield reliable short DNA sequences for localized analysis. Through this effort, we aimed to deepen our understanding of its genomic architecture. The assembled data were employed to annotate the genome and conduct a selective sweep analysis. K-mer analysis revealed that the genome of S. breviflora was approximately 1 G in size. Notably, we observed a substantial presence of repetitive elements within the genome. The average GC content was approximately 44.16%. Following the assembly process, we identified the longest scaffold, which spanned 10,967 base pairs and corresponded to a DNA sequence from the chloroplast. Scaffold No. 236,457 represented a well-known matK gene, which, when analyzed, revealed distinct differences between S. breviflora and two clusters of Stipa plants. Additionally, in our research, we identified 26 scaffolds that might be responsible for the drought tolerance of S. breviflora. The SSR search yielded an impressive count of 12,438 different SSRs within the assembled genome. Furthermore, we compiled a set of 79,015 high-quality SNP loci, which were likely indicative of heterozygous regions within the genome. Our selective sweep analysis also pinpointed 204 putative sweeps. This newfound knowledge will accelerate further genetic studies with regard to S. breviflora and related genera.
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Figure 1. Distribution curve of 17 k-mers of Stipa breviflora Griseb. 
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Figure 2. C-Sibelia analysis of the assembly sequences and reference chloroplast DNA sequences of Stipa lipskyi and Stipa purpurea. The number of assembly sequences shows that there are 25 similar sequences among the three species. 
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Figure 3. The left shows the assembled scaffolds that are homologous to the 907 genes; the right is a magnified section of the left, which shows the Matk gene. 
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Figure 4. Fast Tree analysis of 134MatK genes from the Stipa genus and scaffold No. 236,457. 
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Figure 5. Cluster analysis of drought tolerance genes. 
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Figure 6. Distribution of SSRs in the Stipa breviflora Griseb. genome. The X-axis represents the SSR motif type, while the Y-axis shows the number of corresponding motif types. 
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Figure 7. Distribution of 12,438 SSRs in Stipa breviflora Griseb. based on repeats. 
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Figure 8. Selective analysis of the Stipa breviflora genome. The box indicates the 204 regions identified. 
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Table 1. Sequencing data and genome size estimation.
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	Sample
	ZM1





	Raw Reads, Number
	155,910,132



	Raw Bases, Number
	23,386,519,800



	Clean Reads, Number
	153,915,984



	Clean Reads, Rate (%)
	98.72



	Clean Reads, Number
	23,087,397,600



	Raw Q30 Bases, Rate (%)
	93.38



	Clean Q30 Bases, Rate (%)
	93.61



	Genome size estimated with GCE
	1.09 × 109



	Genome size estimated with SOAPec
	1.06 × 109










 





Table 2. The 907 homologous genes that were sourced from 88 Stipa species within the NCBI database.
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	Homologous Genes
	Number





	Chloroplast DNA
	521



	Mitochondrial DNA
	20



	Others
	366



	Total
	907










 





Table 3. Summary of the sequencing and assembly of the Stipa breviflora Griseb. genome.
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	Item
	Contigs
	Scaffolds





	Total size (bp)
	636,497,947
	649,849,683



	The longest (bp)
	6359
	10,967



	Total number
	2,781,544
	2,600,873



	GapContent_N
	0
	7,619,172



	GC_Content
	44.16%
	44.16%










 





Table 4. Number of repeats in the Stipa breviflora Griseb. genome.
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Number of Elements

	
Length Occupied

	
Percentage of Sequence






	
SINES:

	

	
7

	
371 bp

	
0.00%




	

	
ALUS

	
1

	
53 bp

	
0.00%




	

	
MIRs

	
4

	
218 bp

	
0.00%




	
LINEs:

	

	
78

	
4767 bp

	
0.00%




	

	
LINE1

	
34

	
1993 bp

	
0.00%




	

	
LINE2

	
10

	
627 bp

	
0.00%




	

	
L3/CR1

	
14

	
864 bp

	
0.00%




	
LTR elements:

	

	
26

	
2250 bp

	
0.00%




	

	
ERVL

	
4

	
226 bp

	
0.00%




	

	
ERVL-MaLRs

	
0

	
0 bp

	
0.00%




	

	
ERV_classI

	
8

	
416 bp

	
0.00%




	

	
ERV_classII

	
1

	
37 bp

	
0.00%




	
DNA elements:

	

	
29

	
1851 bp

	
0.00%




	

	
hAT-Charlie

	
3

	
147 bp

	
0.00%




	

	
TcMar-Tigger

	
4

	
181 bp

	
0.00%




	
Unclassified:

	

	
4

	
490 bp

	
0.00%




	
Total interspersed repeats:

	
9729 bp

	
0.01%




	
Small RNA:

	

	
56

	
3402 bp

	
0.00%











 





Table 5. Twenty-six drought tolerance genes and their functions. The number indicates the homologous fragments of the assembled genome of Stipa breviflora.
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Drought-Tolerant Genes




	
Categories

	
Genes

	
Number

	
Function






	
Functional genes

	
P5CS [42]

	
2

	
Causing proline accumulation to protect membrane protein




	
BADH [43]

	
1

	
Betaine synthesis and accumulation to maintain osmotic balance




	
CMO1 [44]

	
1




	
MPK3 [45]

	
1

	
Detoxifying by eliminating ROSs




	
OsMAPK5 [46]

	
2

	
Protein kinase to regulate downstream drought-tolerant genes




	
TaCPK1

	
1




	
AQP7 [47]

	
2

	
AQP synthesis to improve H2O transportation




	
CIPK31 [48]

	
2

	
Reducing water loss




	
Transcription factor

	
NAC5 [49]

	
1

	
NAC family responsible for proline accumulation, osmotic balance, and biological macromolecular synthesis




	
NAC6 [50]

	
1




	
OsNAC6 [51]

	
2




	
SNAC2 [52]

	
1




	
WRKY20 [53]

	
1

	
WRKY family responsible for reducing water loss and stomatal closure




	
DREB1 [54,55]

	
1

	
AP2/ERF family TF responsible for proline accumulation and stomatal closure




	
bZIP72 [56]

	
1

	
bZIP family TF responsible for proline and soluble sugar accumulations
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