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Abstract: Biomass is a key factor in plant evolutionary adaptation and yield, and obtaining high-yield crop varieties is
always a basic requirement for crop breeding. In this study, a mutant Mu with increased biomass was discovered during
the tissue culture of Setaria viridis ME34, and the trait can be stably inherited to the next generation. Through the ob-
servation of the phenotype of S. viridis and statistical analysis of the agronomic traits of seedlings and adults, it was
found that the biomass (fresh and dry weight) of the mutant seedlings and the adult plant height of S. viridis mutant was
significantly higher than that of the wild-type plants, and the spike length and seed length were also significantly longer
than those of the S viridis wild-type plants, reaching a highly significant level. Transcriptome sequencing was per-
formed on the leaves and stems of ME34 and Mu, and some genes were validated by RT-PCR. Differential expression
gene analysis revealed that the genes related to nitrogen metabolism and regulation accounted for about 20% of the total
differential genes. GO functional and KEGG enrichment analysis also revealed a close relationship between biomass and
nitrogen metabolism and regulation. The DEGseq method was used to analyze the changes in the differentially ex-
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pressed genes, and some related genes involved in nitrogen absorption, transport, assimilation, and reuse were obtained,

such as nitrate transporter NRT, ammonium transporter AMT, nitrate reductase NR, nitrite reductase NiR, glutamate
synthase GOGAT, NLP family transcription factors, and serine threonine protein kinase. Through the above research,
important molecular basis and foundation are provided for the breeding work of crops such as foxtail millet.
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A: The phenotype of the mutant and wild-type ME34 of S, viridis; B: The phenotypes of spikes of the mutant and wild-type ME34; C: Mu
represents the My seed phenotype of the S. viridis mutant, while ME34 represents the seed phenotype of the wild-type plant of S. viridis;
D: ME34 represents the seed phenotype of wild-type of S. viridis, while Mu-1, Mu-2 and Mu-3 represent the
M, generation seed phenotypes of S. viridis mutant.
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Fig. 1 Phenotype observation of S viridis mutant
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Fig. 2 Statistical analysis of agronomic traits of S. viridis mutant
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Tab. 1 Throughput and quality detection of RNA-seq

FIERTRY HUEIER EIEIEY BRIEUUH BRG] SR WX ESHRENG WE R BB

fPRIR HE W% reads B reads Br  BRILMRC  MERRER WERAR  reads LB 1% clean reads LHLf5] A B

Plant

type Tissue  No. Total raw Total clean Total clean Clean reads Clean Reads Clear} reads  Total Ipapping clean reads £l
reads/Mb reads/Mb bases/Gb Q20/% Q30/% ratio/% ratio/% Uniquely mapping ratio/%
Mu X M7d 2.1 4544 44.59 6.69 98.41 94.65 98.13 93.58 73.61
2 M7d 22 43.69 43.00 6.45 98.28 94.31 98.43 94.17 73.63
2 M7d 2.3 4548 44.17 6.63 98.53 95.10 97.12 94.55 74.53
o M7d_3_1 4544 44.63 6.69 98.35 94.37 98.21 94.13 73.35
o M7d_3.2  41.89 41.14 6.17 98.15 93.91 98.21 94.12 72.67
o M7d_3.3  43.69 43.00 6.45 98.37 94.43 98.42 94.79 74.05
ME34 2 S7d2 1 4736 44.68 6.70 98.14 93.91 94.32 91.64 71.61
2 S7d.22  43.69 42.69 6.40 97.88 92.97 97.71 91.21 70.77
2 S7d 23 43.69 42.63 6.39 97.69 92.39 97.57 92.47 70.63
it S7d 3.1 4332 42.35 6.35 97.87 93.00 97.76 93.17 71.16
nt S7d 3 2 43.69 42.78 6.42 98.00 93.31 97.91 93.23 71.91
it S7d 3.3 4545 4433 6.65 98.23 94.21 97.54 93.41 71.96
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Fig. 3 Statistics of differentially expressed genes in
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Fig. 4 GO enrichment analysis of differentially expressed genes in ME34-leaf vs Mu-leaf group
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Fig. 5 GO enrichment analysis of differentially expressed genes in ME34-stem vs Mu-stem group
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Fig. 6 KEGG enrichment analysis of ME34-leaf vs Mu-leaf differentially expressed genes
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Tab. 2  Statistics of differentially expressed genes related

to nitrogen metabolism and regulation in transcriptome
of ME34-leaf vs Mu-leaf

J—?—% GO 4 /\7;& %lﬁlﬁl H
Number
No. GO classification
of genes
1 nitrogen compound metabolic process 414
2 organonitrogen compound metabolic process 287
3 cellular nitrogen compound metabolic process 242
4 regulation of nitrogen compound metabolic 163
process

5 organonitrogen compound biosynthetic process 118

6  cellular nitrogen compound biosynthetic proc- 109
ess

7 nitrogen compound transport 61

8 organonitrogen compound catabolic process 52

9  positive regulation of nitrogen compound 48

metabolic process

10 cellular nitrogen compound catabolic process 19
11 negative regulation of nitrogen compound 19
metabolic process
12 response to nitrogen compound 13
13 response to organonitrogen compound 9
14 reactive nitrogen species metabolic process 3
15  nitrogen cycle metabolic process 3
16  cellular response to nitrogen compound 3
17 cellular response to nitrogen levels 3
18  cellular response to reactive nitrogen species 2

#* 3 ME34-stem vsMu-stem HRAHSFHEKF0
BEEXERREZERNSIT
Tab. 3  Statistics of differentially expressed genes related
to nitrogen metabolism and regulation in transcriptome of
ME34-stem vs Mu-stem

e GO 432k AR
No. GO classification (T)\Ifu;ﬁzg
1 nitrogen compound metabolic process 716
2 cellular nitrogen compound metabolic process 497
3 organonitrogen compound metabolic process 393
4 regulation of nitrogen compound metabolic 262
process
5 cellular nitrogen compound biosynthetic process 203
6  organonitrogen compound biosynthetic process 169
7  nitrogen compound transport 135
8  organonitrogen compound catabolic process 77
9  positive regulation of nitrogen compound meta- 74
bolic process
10 cellular nitrogen compound catabolic process 41
11 negative regulation of nitrogen compound 37
metabolic process
12 response to nitrogen compound 16
13 response to organonitrogen compound 10
14 cellular response to nitrogen compound 5
15 cellular response to nitrogen levels 5
16  cellular response to organonitrogen compound 3
17  cellular response to nitrogen starvation 3
18 cellular response to reactive nitrogen species 2
19 reactive nitrogen species metabolic process 2
20 nitrogen utilization 2
21 nitrogen cycle metabolic process 2
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Fig. 8 Heat map analysis of differentially expressed genes related to nitrogen metabolism and regulation in transcriptomes of
ME34-leaf vs Mu-leaf and ME34-stem vs Mu-stem
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Tab. 4 Statistical analysis of common differentially expressed genes related to nitrogen metabolism and regulation in tran-
scriptomes of ME34-leaf vs Mu-leaf and ME34-stem vs Mu-stem

MR R RA S EFER

R ; ; A £
Gen:‘a:cesji%oz No. fgéﬁﬁ fgljllﬁfi Gen%czs(fri*;tion
LOC117860115 3.21 2.23 Partner protein of NRT2, Activator for NRT2, High-affinity nitrate transport
LOC117858072 1.73 1.16 co-factor for nitrate, reductase and xanthine dehydrogenase 7
LOCI117860105 5.32 1.91 Partner protein of NRT2, Activator for NRT2, High-affinity nitrate transport
LOC117846891 1.41 1.21 Low-affinity nitrate transporter, Root-to-shoot nitrate transport, Vascular bundle
development
LOC117853975 1.08 1.30 Similar to Nitrate-induced NOI protein-like protein
LOCI117861149 1.07 1.09 Similar to carbonic anhydrase
BGI_novel G000242 1.14 1.28 5'-AMP-activated protein kinase, regulatory beta subunit
BGI _novel G000243 -1.42 -2.55 5'-AMP-activated protein kinase, regulatory beta subunit
LOC117860265 —-1.11 -1.36 Determination of the grain yield, Modulation of nitrogen utilization
LOC117850052 -1.56 -2.68 Serine/threonine protein kinase-related domain containing protein
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