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Screening and analysis of genes related to root tuber expansion in Asparagus
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Abstract: Objective The underground expanded tuberous roots of Asparagus cochinchinensis are used as the herbal medicine
Tiandong (4sparagi Radix). In order to investigate the molecular mechanism of A. cochinchinensis tuber growth and expansion,
transcriptome sequencing of 4. cochinchinensis at different expansion stages was carried out, and the key genes contributing to tuber
growth and expansion were excavated. Methods A. cochinchinensis at different expansion stages were used as materials for
transcriptome sequencing using Illumina HiSeq high-throughput sequencing platform, and screening of differentially expressed genes
was performed after assembly and annotation. Results A total of 59.20 Gb clean data were obtained from transcriptome sequencing,
and none of the Q30 was less than 94.23%, and a total of 99 930 Unigenes were obtained, of which 47 857 were annotated. There were
1 429 DEGs in the three different size states of 4. cochinchinensis, and GO enrichment results showed that DEGs in asparagus of three
different expansion stages were mainly enriched in cellular processes, metabolic processes, and functions such as binding and catalytic
activities, and the COG enrichment results showed that DEGs in asparagus of three different expansion stages were mainly enriched

in the signal transduction mechanism, carbohydrate transport metabolism, and biosynthesis of cell wall/membrane/transparenchyme,
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KEGG enrichment analysis showed that the pathways related to root expansion (Plant hormone signal transduction, MAPK signaling

pathway-plant, Starch and sucrose metabolism, and Phenylpropanoid biosynthesis) were the main pathways enriched in DEGs.

Combined with the annotation information of the differential genes and the analysis of the expression profiles showed that a variety of
enzymes (SAUR, XTH, LRR-RLPK, SPP, EG, BGLU, TPP, AMY, BAMY, PAL, PER) are involved in 4. cochinchinensis root tuber

expansion, among which XTH may be the most important enzyme affecting the expansion and development process. Conclusion By

high-throughput transcriptome sequencing of different sizes of A. cochinchinensis, key genes involved in root growth and enlargement

were revealed, which can provide reference for the biological mechanism of root growth and enlargement in 4. cochinchinensis.
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Table 1 Evaluation indicators for three different size states of A. cochinchinensis
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Table 2  Statistics of transcriptome sequencing output

FF it LU Tl %L GC/% Q30/%
s1 22 064 345 6 619 303 500 47.59 94.66
S2 22 377 590 6 713 277 000 47.02 94.56
S3 20937 474 6 281 242 200 46.97 94.42
M1 22 498 384 6 749 515 200 48.07 94.27
M2 21473113 6 441 933 900 47.26 94.62
M3 21 407 743 6 422 322 900 47.54 94.40
B1 22 658 785 6 797 635 500 47.54 94.36
B2 22 083 374 6 625 012 200 47.46 94.23
B3 21 817 670 6 545 301 000 47.68 94.37
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Table 3 Statistics of assembly results
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Table 4 Unigene information annotated in different
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a, b, and c-differential gene volcano plots for S vs M, M vs B, and S vs B, respectively (blue dots in the plots represent down-regulated differentially

expressed genes, red dots represent up-regulated differentially expressed genes, and gray dots represent non-differentially expressed genes).
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Fig. 2 Statistics of DEGs in three size states
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DIReth 1~10 2pRRES & /0. EARIETE. Feidifth, 4500 T PE. B i Rimth. 22 T IUREMTas . 0 TR E. BIREIM TS
PR TE . wRE.

A-S vs M: Biological processes 1 to 16 are cellular process, metabolic process, localization, biological regulation, response to stimulus, interspecies
interaction between organisms, reproduction, behavior, reproductive process, signaling, multicellular organismal process, multi-organisma process,
immune system process, developmental process, growth, detoxification. Cellular components 1 to 3 are cellular anatomical entity, intracellular, protein-
containing complex. Molecular functions 1 to 9 are catalytic activity, binding, transporter activity, transcription regulator activity, structural molecule
activity, molecular transducer activity, molecular function regulator, antioxidant activity, nutrient reservoir activity. B- M vs B: Biological processes 1 to
16 are cellular process, metabolic process, biological regulation, response to stimulus, localization, signaling, developmental process, multicellular
organismal process, multi-organism process, growth, interspecies interaction between organisms, detoxification, reproduction, immune system process,
reproductive process, thythmic process. Cellular components 1 to 5 are cellular anatomical entit, intracellular, protein-containing complex, virion, virion
part. Molecular functions 1 to 9 are binding, catalytic activity, transcription regulator activity, transporter activity, structural molecule activity, molecular
transducer activity, antioxidant activity, molecular function regulator,small molecule sensor activity. C-S vs B: Biological processes 1 to 19 are cellular
process, metabolic process, biological regulation, localization, response to stimulus, signaling, multicellular organismal process, developmental process,
reproduction, reproductive process, interspecies interaction between organisms, multi-organism process, immune system process, behavior, growth,
rhythmic process, locomotion, intraspecies interaction between organisms, detoxification. Cellular components 1 to 5 are cellular anatomical entit,
intracellular, protein-containing complex, virion, virion part. Molecular functions 1 to 10 are binding, catalytic activity, transporter activity, structural
molecule activity, transcription regulator activity, molecular function regulator, molecular transducer activity, translation regulator activity, antioxidant
activity, toxin activity.

3 X% DEGs B GO DX EE D

Fig.3 GO classification enrichment analysis of DEGs in A. cochinchinensis
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a-S vs M; b-M vs B; c-S vs B; A-RNA processing and modification; B-Chromatin structure and dynamics; C-Energy production and conversion; D-Cell
cycle control, cell division, chromosome partitioning; E-Amino acid transport and metabolism; F-Nucleotide transport and metabolism; G-Carbohydrate
transport and metabolism; H-Coenzyme transport and metabolism; I-Lipid transport and metabolism; J-Translation, ribosomal structure and biogenesis;
K-Transcription; L-Replication , recombination and repair; M-Cell wall/membrane/envelope biogenesis; N-Cell motility; O-Posttranslational modification,
protein turnover, chaperones; P-Inorganic ion transport and metabolism; Q-Secondary metabolites biosynthesis, transport and catabolism; R-General
function prediction only; S-Function unknown; T-Signal transduction mechanisms; U-Intracellular trafficking, secretion, and vesicular transport; V-Defense

mechanisms; W-Extracellular structures; X-Mobilome: prophages, transposons; Y-Nuclear structure; Z-Cytoskeleton.
Bl 4 X% DEGs ) COG 4%
Fig. 4 COG classification of DEGs in A. cochinchinensis
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Table 6 Statistics of KEGG pathway analysis of differential genes in different expansion states of A. cochinchinensis

4 ik g A KEGG ID DEGs#j(it
SvsM Y- F EAE (plant-pathogen interaction) k004626 32
HYEFEESHS (plant hormone signal transduction ) ko04075 26
MAPK{Z 5 #%-#4) (MAPK signaling pathway-plant) ko04016 24
THE RN A BERE B A L4541k (pentose and glucuronate interconversions) ko00040 11
VERHFIBEREACIS (starch and sucrose metabolism) ko00500 11
KN4 R (phenylpropanoid biosynthesis) ko00940 10
DNA%K il (DNA replication) ko03030 9
ZENSMEAKMBEIER (ubiquitin mediated proteolysis) k004120 7
FAL R4k Coxidative phosphorylation) ko00190 6
A BR AN AR Z B CE (cysteine and methionine metabolism) ko00270 6
Mvs B T Y-7% R EAE (plant-pathogen interaction) ko04626 31
HYIEEESES (plant hormone signal transduction) ko04075 13
MAPK{E 5l -84 (MAPK signaling pathway-plant) ko04016 14
FEAAEREACH (starch and sucrose metabolism) ko00500 9
LRzt C(oxidative phosphorylation) ko00190 9
H&1ER (photosynthesis) ko00195 8
PENSMEA/KB/ER (ubiquitin mediated proteolysis) ko04120 8
1 pEfR (ribosome) k003010 8
JHE IR %65 B B R AR 4% 4k (pentose and glucuronate interconversions) ko00040 8
ke AEM A B (phenylpropanoid biosynthesis) ko00940 6
SvsB HEY-7% R EAE (plant-pathogen interaction) k004626 36
MAPK{5 5@ %-14) (MAPK signaling pathway-plant) ko04016 21
WY EE 5SS (plant hormone signal transduction) ko04075 21
YERFIEEREACS (starch and sucrose metabolism) ko00500 20
ARG (oxidative phosphorylation) k000190 19
FH B4 K (phenylpropanoid biosynthesis) ko00940 16
Je&1EA (photosynthesis) ko00195 15
RNARA B (RNA polymerase) ko03020 14
RNAiZ#i (RNA transport) ko03013 12
BAR# (carbon metabolism) k001200 10
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Fig.5 Top 20 KEGG enrichment pathways during different root expanding periods of A. cochinchinensis
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APRR2-XUH 53 Wi ST R 72K B 1 APRR2; CYCD3-3-4iHf 913 1 D3-3; CYCD3-2-4Miff1& 111 D3-2; ZAR1-Z K& FIMEERAE A
ZARI; At5g63710-] gl LRR 52140k 22 MR/ 75 B2 11 U At5g637105 XTH2S- il i () A W Py BE T B SE M /K MG 25 11 25: GH3.1-m) ik
VG| -3~ 2,2 -Bk i & e GH3.1; SAURSO-ZE K EKWIR EE [ SAURS0; At2g24230-1] BEf) LRR SZAAKE 22 &R/ R R AT At2g242305
GHRI-LRR 5274122 5 B2 /75 28 B2 £ 11548 GHR1; MSP1- 7 7E4 R T8 3 #2118 MSP1; BRL2-22 2 R/ 75 % AR & [ ¥ BRI1 ¢k
25 At5g58300- 1] BEIF RIG AR IEAE AtSg58300; A4U43CO1F22190- 54 /4 I8F [; SHR1-Z [ SHORT-ROOT 1; SD25-G BIEHE R S %4
Ff 22 R/ F7 R B B (LB SD2-5; EBFI1-EIN3 £ 45 F-box &1 1; SAUR32-AE K I N 2 [ SAUR32; PYLA-JiiVA R 32 14 PYL4; 0s0520457200-
T REFAER BB : SAURTI-AE KRR 8 H - SAURT 1 XTH23- 1T RERIAH JE0E P9 e B SE M /K fRIE 8 191 235 LECRKS2-32 1AFf 2 ¥l S.2;
SIS8: I REM 22 2 B/ 75 2 B R [ A S1S8; PHLI11-Myb ZKMEH S RF PHL11; IRK-FI A8 LRR 2 AR 22 7 B/ 75 2 B HE (¥ IRK; PSY1R-
B EIRTR R AR 244 15 XTH20- AT RN P e AT A /K B B 20; MIK2-MDIS1 HAEZAAKENES 2; TAA4-/ERKEKRIMRIERE 1AA4;
TAAIS-/EAC KRR [ TAA18; ERSI-AIBEMI MM RIAL S 1; SAUR36-/L K M Ridk [ SAUR36; AUX22D-/EK %5581 22D; SOBIRI-
B R IR R AR LR R IR/ M E IR TS SOBIR1; PSY IR-BE UM R MR 2K 1; XTH23- R B 1 ACH] SR Py % A Wl B Bl 7K
TR B [ 23; BIN2- 2@ ANEURER (9 2; BHLH25-3% 3% [H T bHLH25; SAUR32-4E K 2K 37 25 4 SAUR32; PSKR-E YIRS (LI 244 15 0s0820500300-
] HE B BRI 2C 66; Os0120656200- ] it ) 8% (IR 2C 8; At2g24230-1] REf) LRR 32 U4KE 22 & /77 R I R (I At2g24230; AUX22D-
A KRB FHEA 22D; CAMRLK-F5H R4 4 2 /4 CaMRLK: GHRI-LRR 32 22 5/ 2B B 0 GHR1: LAX1-EKFRHEEA
FMUEA 1; CXE15-TT REMIRIRBRRE 15; At5g63710-FREM LRR SZARELL R/ I AR EE ¥ At5g63710.

APRR2-Two-component response regulator-like APRR2; CYCD3-3-Cyclin-D3-3; CYCD3-2-Cyclin-D3-2; ZARI-Receptor protein kinase-like protein
ZAR1; At5g63710-Probable LRR receptor-like serine/threonine-protein kinase At5g63710; XTH25-Probable xyloglucan endotransglucosylase/hydrolase
protein 25; GH3.1:Probable indole-3-acetic acid-amido synthetase GH3.1; SAURS50-Auxin-responsive protein SAURS0; At2g24230-Probable LRR
receptor-like serine/threonine-protein kinase At2g24230; GHRI-LRR receptor-like serine/threonine-protein kinase GHR1; MSP1-Leucine-rich repeat
receptor protein kinase MSP1; BRL2-Serine/threonine-protein kinase BRII-like 2; At5g58300-Probable inactive receptor kinase At5g58300;
A4U43C01F22190-Protein kinase domain-containing protein; SHR1-Protein SHORT-ROOT 1; SD25-G-type lectin S-receptor-like serine/threonine-
protein kinase SD2-5; EBFI-EIN3-binding F-box protein 1; SAUR32-Auxin-responsive protein SAUR32; PYL4-Abscisic acid receptor PYLA4;
0s05g0457200-Probable protein phosphatase; SAUR71-Auxin-responsive protein SAUR71; XTH23-Probable xyloglucan endotransglucosylase/
hydrolase protein 23; LECRKS2-Receptor like protein kinase S.2; SIS8-Probable serine/threonine-protein kinase SIS8; PHL11-Myb family transcription
factor PHL11; IRK-Probable LRR receptor-like serine/threonine-protein kinase IRK; PSY1R-Tyrosine-sulfated glycopeptide receptor 1; XTH20-
Xyloglucan endotransglucosylase/hydrolase protein 20; MIK2-MDIS1-interacting receptor like kinase 2; IAA4-Auxin-responsive protein IAA4; JAA18-
Auxin-responsive protein IAA18; ERS1-Probable ethylene response sensor 1; SAUR36-Auxin-responsive protein SAUR36; AUX22D-Auxin-induced
protein 22D; SOBIR1-Leucine-rich repeat receptor-like serine/threonine/tyrosine-protein kinase SOBIR1; PSY1R-Tyrosine-sulfated glycopeptide receptor
1; XTH23-Probable xyloglucan endotransglucosylase/hydrolase protein 23; EIN2-Protein ETHYLENE-INSENSITIVE 2; BHLH25-Transcription factor
bHLH25; SAUR32-Auxin-responsive protein SAUR32; PSKR-Phytosulfokine receptor 1; Os08g0500300-Probable protein phosphatase 2C 66;
0s01g0656200-Probable protein phosphatase 2C 8; At2g24230-Probable LRR receptor-like serine/threonine-protein kinase At2g24230; AUX22D-Auxin-
induced protein 22D; CAMRLK-Calmodulin-binding receptor kinase CaMRLK; GHR1-LRR receptor-like serine/threonine-protein kinase GHR1; LAX1-
Auxin transporter-like protein 1; CXE15-Probable carboxylesterase 15; At5g63710-Probable LRR receptor-like serine/threonine-protein kinase At5g63710.

Elo HEYHERESHEFREDPEZERE DEGs AE
Fig. 6 Heatmap of highly expressed DEGs of plant hormone signal transduction pathway
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Al BEA R (ITERREE 2C 49; ACS2-1-Z LA ki-1-RMR 488 2;  Atlg12460-7] fEM LRR 2R L2 R/ 2R R [ I%EE At1g12460; RBOHA-I:
Wk R AR T A At4g37250- 1] BEMY LRR 52 R FE L2 R IR/ 75 SRR B S Atdg372505 XA2L-ZARBMAFUEE [ Xa2l; MAPKKK18-
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WRKYS51-Probable WRKY transcription factor 51; EBF1-EIN3-binding F-box protein 1; PYL4-Abscisic acid receptor PYL4; WRKY 12-Probable WRKY
transcription factor 12; SD25-G-type lectin S-receptor-like serine/threonine-protein kinase SD2-5; At5g48740-Probable LRR receptor-like
serine/threonine-protein kinase At5g48740; ZARI1-Receptor protein kinase-like protein ZARI; SIS8-Probable serine/threonine-protein kinase SISS;
At1g12460-Probable LRR receptor-like serine/threonine-protein kinase Atlgl2460; WRKY 17-Probable WRKY transcription factor 17; HMA4-Copper-
transporting ATPase HMA4; GHR1-LRR receptor-like serine/threonine-protein kinase GHR1; MAPKKK 18-Mitogen-activated protein kinase kinase
kinase 18; SIKI-LRR receptor-like serine/threonine-protein kinase SIK1; At5g63710-Probable LRR receptor-like serine/threonine-protein kinase
At5g63710; LECRKS2-Receptor like protein kinase S.2; APS1-Acid phosphatase 1; BHLH94-Transcription factor bHLH94; Os05g0457200-Probable
protein phosphatase 2C 49; ACS2-1-aminocyclopropane-1-carboxylate synthase 2; IRK-Probable LRR receptor-like serine/threonine-protein kinase IRK;
At1g12460-Probable LRR receptor-like serine/threonine-protein kinase At1g12460; RBOHA-Respiratory burst oxidase homolog protein A; At4g37250-
Probable LRR receptor-like serine/threonine-protein kinase At4g37250; XA21-Receptor kinase-like protein Xa21; MAPKKK 18-Mitogen-activated protein
kinase kinase kinase 18; CMLA45-Probable calcium-binding protein CML45; ACS2-1-aminocyclopropane-1-carboxylate synthase 2; MKS1-Protein MKS1;
XA21-Receptor kinase-like protein Xa21; XA21-Receptor kinase-like protein Xa21; BHLH25-Transcription factor bHLH25; EIN2-Protein ETHYLENE-
INSENSITIVE 2; CML45-Probable calcium-binding protein CMLA45; At5g48740-Probable LRR receptor-like serine/threonine-protein kinase At5g48740;
HMA4-Copper-transporting ATPase HMA4; Os01g0656200-Probable protein phosphatase 2C 8; Os0820500300-Probable protein phosphatase 2C 66;
At5g63710-Probable LRR receptor-like serine/threonine-protein kinase At5g63710.

B 7 MAPK f5SEHEHEERIE DEGs #AE
Fig.7 Heatmap of highly expressed DEGs of MAPK signaling pathway-plant
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SPP2-Probable sucrose-phosphatase 2; At4g02290-Endoglucanase 17; Xyl2-Beta-xylosidase/alpha-L-arabinofuranosidase 2; BGLU6-Beta-glucosidase 6;

TPP6-Probable trehalose-phosphate phosphatase 6; CEL1-Endoglucanase 1; At4g34480-Glucan endo-1,3-beta-glucosidase 7; F26G-Furostanol glycoside

26-0O-beta-glucosidase; Atlgl1820-Glucan endo-1,3-beta-glucosidase 1; GLUI1-Endoglucanase 9; At4g11050-Endoglucanase 19; BANGLUC-Glucan

endo-1,3-beta-glucosidase; AMY1.7-Alpha-amylase isozyme 3C; GLU3-Endoglucanase 12; SIT2-L-type lectin-domain containing receptor kinase SIT2;

SIT2-L-type lectin-domain containing receptor kinase SIT2; PGIP-Polygalacturonase inhibitor; INV1-Beta-fructofuranosidase, insoluble isoenzyme 1;
TPPF-Probable trehalose-phosphate phosphatase F; BGLU4-Beta-glucosidase 4; BAMY2-Beta-amylase 2, chloroplastic; Atlgl1820-Glucan endo-1,3-

beta-glucosidase 1; FT1-6(G)-fructosyltransferase; BGLU42-Beta-glucosidase 42; AGPS1-Glucose-1-phosphate adenylyltransferase large subunit,

chloroplastic/amyloplastic; At2g32990-Endoglucanase 11; F26G-Furostanol glycoside 26-O-beta-glucosidase; At4g34480-Glucan endo-1,3-beta-

glucosidase 7; GLU13-Endoglucanase 17; Atl1g32860-Glucan endo-1,3-beta-glucosidase 11; At4g11050-Endoglucanase 19; CEL2-Endoglucanase 2.
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Fig. 8 Heatmap of highly expressed DEGs of starch and sucrose metabolism
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Fig. 9 Heatmap of highly expressed DEGs of phenylpropanoid biosynthesis
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Table 7 RT-qPCR primer sequence

KD AR EF5Y (5°-37) SE 5P (5°-3%)
e actin AGGAACCACCGATCCAGACA GGTGCCCTGAGGTCCTGTT
TRINITY_DN25062_c0_g1 SAUR32 ACGCCACAGGCACAACGAAC CCCACCTCAAGAAGGAAAACTCA
TRINITY_DN2136_c1_g1 AUX22D AGCCTAAGCTCCGTAGCCCT CCCCACTCAACCGACCATTC
TRINITY_DN2822_c0_g2 GHR1 TTCAAATCTGACGTCTACGCCTT CATCTCCTCCACTCCCTTCTCC
TRINITY_DN7424 _c0_g2 BGLU42 CTGAACTCTATCCCCTACCCCAT CCAACGATCCTACAGCTCCTTG
TRINITY_DN8531_c0_g1 TPP6 TCGTAATCCAAGAACATCGCAA ACTCATAGAACCCCCGCCTC
TRINITY_DN6827_c0_g1 SNL6 GAGGGTTTGAGTGTGAGGCAGC TTGTTTGAAAGGAGGGGGGA
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Fig. 12 RT-qPCR validation of differentially expressed genes
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p-value
TRINITY_DN10187_¢c0_gl 8.32¢-103
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Fig. 13 XTH protein sequence analysis of A. cochinchinensis (a) multiple sequence alignment (b) protein motif (c)

conservative domain analysis

%= 8 XTH ZEBFFIBLMER

Table 8 Physicochemical properties of XTH protein sequences

FEHID AR EWRHRS NS TRE  TRERE RN R V240 € fir

>TRINITY_DN10187_c0_g1 207 8.30 23971.90 42.64 57.10 4 BE
>TRINITY_DN10796_c0_g1 377 9.32 42 668.84 48.11 63.13 4 i BE
>STRINITY_DN14279 ¢c0_g1 195 5.22 22 451.86 37.67 55.90 2t Bk
>TRINITY_DN25412_c0_g1 327 7.76 37570.36 47.06 64.98 i B
>TRINITY_DN34522_c0_g2 284 6.51 32355.41 39.90 68.70 M AEE. 2 5

>TRINITY_DN676_c0_g1 286 8.73 32090.27 35.25 69.23 A EE. 25
>TRINITY_DN8004_c0_g3 328 6.16 37 655.11 50.92 69.88 i B
>TRINITY_DN8117_c0_g2 292 8.41 33 456.86 36.50 67.77 YHMEE . 4H 5
>TRINITY_DN8645_c0_g1 205 6.20 23 950.81 37.35 54.15 2t Bk
>TRINITY_DN9680 c0_g1 293 4.97 34 286.33 32.06 58.91 4 Bk
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