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Effect of ethyl methylsulfonate on gene expression of embryogenic cells of
Taraxacum mongolicum

FENG Wei, MENG Ran, LI Zhaojia, WU Zhe, LU Xuelin, CHEN Yue, WANG Xiuping
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Abstract: Objective Transcriptome sequencing was performed on Taraxacum mongolicum embryogenic cells induced by ethyl
methanesulfonate to explore the effect of ethyl methanesulfonate mutagenesis on gene expression in 7. mongolicum. Methods Illumina HiSeq
2500 high-throughput sequencing technology was used to sequence embryogenic cells of 7. mongolicum in 0% EMS (control) and 0.15%
EMS treatments for 8 h and establish cDNA database. Unigene was obtained by splicing, and further biochemistry analysis was carried out.
Results Atotal 0f32 954,12 923,21 752,28 115 and 9 764 Unigene were annotated by non-redundant protein sequence database (NR), gene
ontology (GO), Swiss-Prot, eggNOG and Kyoto Encyclopedia of genes and genomes (KEGG) databases, respectively. A total of45 551 DEGs
were screened. GO enrichment analysis revealed that the DEGs of dandelion embryonic cells were mainly concentrated in cellular processes,
metabolic processes, binding proteins, redox and catalytic activity in GO functional annotation. The KEGG pathway enrichment results showed
that DEGs were significantly enriched in plant hormone signal transduction, photosynthesis, carbon sequestration in photosynthetic organisms,
photosynthesis antenna protein synthesis, carotenoid synthesis, unsaturated fatty acid metabolism, and starch and sugar metabolism pathways
under EMS mutagenesis. EMS mutagenesis can induce upregulation of key enzyme genes in the plant hormone signaling pathway of 7.
mongolicum embryonic cells in response to stress. Conclusion Through transcriptome sequencing, it has been preliminarily demonstrated
that EMS induces differential gene expression in 7. mongolicum embryogenic cells and regulates the related enzyme genes of plant hormone
signaling pathways in 7 mongolicum embryogenic cells, in order to provide reference and basis for cultivating high-quality 7. mongolicum
from the molecular gene perspective.
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RIMKS, Bl R by T e s 775 EkE A4
K 15~20d, fRIFHAK, FHRE 0.15%EMS 1
AR IR (B 1-A), MS Bdkrh 44N
X (B 1-B).

A5 0.15% EMS KB AE TR B-5H MS KIS TR
A-a solid medium containing 0.15% EMS; B-a solid medium

containing MS.
1 TELETHEARBGHER
Fig. 1 Callus tissue of 7. mongolicum under different

treatments
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S, ®ANMGCHE 3 M AEMER, WA 3§
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2.3 MFHHELEE K Unigene IhEEFRE
8 F HISAT2 3 38 J5 159 2 1 & i & 7 41
(cleandata) LEXJRITHA RS HEILRA I, SRJE1H
F BLAST ¥ #4¥ Unigene J¥%15 NR. Swiss-Prot.
GO. eggNOG. KEGG ## FELUxf, SRR

2.4 mRNA ERFEN

F|H FPKM (fragments per kilobase of transcript
per million mapped reads) 5115 FAFKIL & IF ik
178iit. MYE FPKM E RS R, ST ELH], it
SR T il T T S R PR AR S
2.5 EMS METEARKEMEMEEERRIEER
GO 245 KEGG 5S@EN

i FHi FPKM ( fragments per kilobase of
transcript per million mapped reads) 1% Unigene
Ik, IRk 2 57 RIE 3 ] (DEGs), P<<0.05
M FC=2 8i=<<0.5. I XJ ik th i) DEGs #EATH KA
1% (gene ontology, GO) & 7711, KEGG 43-#1 E
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W2 AR AT 2K
2.6 EMS BT HEQNREMMBIITRAELES
PCR $iE

KA R AL FER (7 A SRR & RNA H
HiFi-Scriptc DNA Synthesis Kit % 31877 & & &
cDNA 5 BEATSEIN 56 € B PCR [FEATHAH Ultra
SYBR Mixture (LowROX) 7], ABI7500 %
5E B PCR ACHEATH 1Y o ASEIG BN SR 10 ) 4
A~ Unigene #HATRIAEIGUE (R 1o RINFETFN:
95 CHIAZM: 10min; 95 CHEME 15s, 60 CIBK 1
min, 72 CHEH 32s, 40 MEIE, MAESFE R E
PGEME T CAH, SR 2728 E T R R R A &,
13 B RE AT R O] 2k G
3 BRE55HR
3.1 MFHESERIR

NASTHIREFT EMS FEgeHFIE, M ATREA
AP 6 4~ (CK-El, CK-E2. CK-E3. El. E2,
E3), MIf¥3k1S 45.21 Gb clean data, FAEAIAE AL
PEEIAGTE 6.61~7.33 G, Os0 BBFETMTTE 95.98%~
96.88%, “F¥ GC &N 5559% (3£ 2). B
SERMEIE G, ATUU T RS,

&1 qRT-PCR ¥ 1452544
Table 1 Specific primers of qRT-PCR amplification

B[R 4 B Feo L5 (5°—37) FPBI 514 (5°—=3") TP K /bp
actin AGCAGCTTCCATTCCGATCA GGTTACATGTTCACCACCAC 988
TbA03G008910 ATGTGCTGCACATCTCAGTG CGAAGATCGATGCATGCTG 765
TbA03G045730 ACATCCAACAGAACCTCGGC TGTGTGACCAGGGACAAGCA 1122
TbA02G010390 ATCAGACCCGAACCCGATGT GCGTTCAATGTCTCAGGCTTC 1233
TbA05G013450 ACAACTACCAAGACGCCATG ACCGATAGGGTGGCCGAAGG 1057
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Table 2 Statistics of filtered data
FEAA TR E R E TSR E (A Qw/%  GC/%
CK-E1 106 873 366 105 489 648 (98.70%) 96.77 55.89
CK-E2 103 648 972 102 289 634 (98.68%) 96.35 55.32
CK-E3 104 679 835 103 247 681 (98.63%) 96.06 55.63
El 87 946 351 86 753 128 (98.64%) 95.98 56.66
E2 98 764 256 97 420 497 (98.63%) 95.96 55.48
E3 75 645 280 74 606 986 (98.62%) 96.88 55.56
W P45 2 Unigene 7R 2 ThRERIE &, St
VERRF] 45 551 2RI, SELEE 2. HeRERELL G
N . 1.0
R, FERES NR FERE K522, 32954 25(72.34%), 100 100 100 047 | 0.47 | 0.46 E2 09
£ eggNOG. Swissprot 27374 30 068 25 (66%) 100 100 100 0.47 047 047 E] 0.8
= 2
F121752 2% (47.75%) FPRFILEC, 7 GO FErh 100 100 1001 0.47 047 047 E3 07
0.6

12 923 % (28.37%); 281 15 %k (61.72%) FEFE
B3 eggNOG-Category; V12| KEGG EH 9 764
% (21.43%) FH:[H .
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Fig.2 Annotations on Unigene’s different database
functionality
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Fig.3 Correlation heat map of gene expression level in

samples
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XTI 1) 22 S RB AN AT IR KA A, AR
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KiLwHE, EBERRREEEBK. 2R0E
fos (B 5). EFRE, X4 (CK) 5% T4
HH (EMS) B 3 NMEVIFEE G ARLE I,
Ui B AR 2 B R A A B A IR s A G . A
KB WFMEZE AR LA BF 2 AR, &5
FER BE T IREERR RIS RISkt
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Fig. 4 Volcano plot of differentially expressed genes
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Fig. 5 Differential expression gene clustering analysis

heat map
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KEGG YjReE %, Rk iz A i
Unigene 52 EMS 5455200 12 3
3.6 EMS FLXE N REXEEEREE

it KEGG map 73 H1 EMS 548 Ryl A Sk i
IR RIEN A E R R ENHEDBEE S
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micc
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GO:0009735 response to cytokimn
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&6 EMSFSTHEAERMEMMESERMN GO e EREN

Fig. 6 Classification of GO functional annotation of differential genes in 7. mongolicum embryonic cells induced by EMS

3.7 EMS FEIHEAREMHRESESHEXE
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EMS HE MHAREYHRESH I TEG
1, REREWERER, TRREWEBRIERT,
EERBEE A G K- 8id KEGG map 43 HTF45
AT AR I EMS 7248 N 10 N wmhs Bk R 75
WY EE SRS T REREEH (R4, JFHX
SUMEE AR EMS AR K3 2 SR VAN H - 2447 4E
FRRIE.
371 FERAVEKEE Z@EEER ABA
2 5[5 B R (8), AHGI HIE FIRIE
Fe Tl ARV EERAE T SRR P oS,
AHG1 B AREIRES ] LI VE TR 2 /4 (pyrabatin
riesistance/pyrabatin riesistance 1-Like, PYR/PYL).
2 MR/ 75 AR K A BUBE SRK2 (sucrose non-
fermenting 1-related protein kinase 2, SnRK2) #HH.
VR IR A 1 ) FRARY e e . 2552 310 B ae

i, PYR/PYL 5 %% MR/75 2Rk & A BRI
(2C-type protein phosphatases, PP2Cs) # [ 3 [K]
gh - AT A0 1) 8l R Bl v M, 6 R U SnRK2 4L T
KIERA, REBRAIEN TG 58
(e 07, ARSI h AHG BY 25 A IR il 1) 32 (R 78
THAEPELI A T (TbA07G036180, 1.9 f%),
M EMS FHAE R IZERNRIES SHERGS
¥, ABA Wi B EE R IR 2], MITTHE =il A JEIR
i) IR WUIEEN
372 EXRFRAVERSERE FARREMRSEER
FIRHI S, A REF R RS 5HMAE
KR E S RAEYEE. KR 2 M
[F A K (RNA BEM AMP 12, 76 (RNA
MR, TOKE 2R IEEEN (RNA BRI .
£ AMP #ierh, FORF R R, A
TN BT AMP. ADP B{ ATP it 5 R )
AR GRS, AL T DUBRE R
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KEGG Pathway Enrichment
Carotenoid biosvnthesis L
Galactose metabolism: )
Pyruvate metabolism &
Taurine and hypotaurine metabolism:
Plant hormone signal transduction:
Pléiline metabolism: - B FDR
Cyanoamino acid metabolism: °® 1.00
Fatty acid elongation ° 82(5)
Fattyacid degradation: e 0:2 5
Tyrosine metabolism: ® 0
Phenylpropanoid biosynthesis{ @ =
f;; alpha-Linolenic acid metabolism: ® . fo
! Photosynthesis ® ® i
Alanine.aspartate and glutamate metabolism: e ® 4
Nitrogen metabolism: ° ® 3
Linoleic acid metabolism:
Photosynthesis-antenna proteins:
Starch and sucrose metabolism: @
Glycolysis/Gluconeogenesis [&]
Carbon fixation in photosvnthetic organisms ®
03 04 05 06 07
PS4
7 KEGG 2£5/8E
Fig. 7 KEGG enriched bubble chart
*3 ERRGEEEEZEMN KEGG &
Table 3 Significantly enriched KEGG pathways of DEGs
KEGGi#&1% IS RE IR B PR i ERID PIE
Je G AW I B A 14 19 69 ko00710 1.04 X107
T i 39 20 158 k000010 3.44X10°¢
TER A RERE AR 25 31 150 k000500 6.11X10°6
JeEEM-R&EH 0 13 19 k000196 1.48X10°
MR 3 10 19 k000591 1.48x107°
AR 9 10 38 ko00910 9.57 X107
WA REERMEZ RN 10 13 51 k000250 1.38x 107
JeEEM 1 25 63 k000195 3.05X10™
o SV R IR AR 9 16 60 k000592 3.32X10™
FNBEED A 43 21 204 k000940 5.84X107
YRGS 25 58 296 k000940 4.20X1073
TR T P A it 24 15 123 k000620 3.32X1072

x4 HEALAREMMET EMS BSIEENENHEESE
FIREEE
Table 4 Plant hormone signaling pathway genes regulated

by EMS induction in 7. mongolicum embryogenic cells

F[HID KIET1E FERERE
TbA03G008910  Eif A Eaifi4
TbA03G045730 Ll AKEMNEHIAALT
TbA06G012820 LIl ZHZfk2
TbA04G068550 Ll EA#EREEE2C 75
TbA07G099330 Ll whsEsR$itEEA1
ThA05G071330 i &3
ThA02G010390 i V=R Z M B A B A e
ThA05G013450 i  MW|k-3-4Ri%E T 5 HARGT
TbA01G013760 T HMFIRGL2
TbA08G021320 Nl “ZEM/BEREEMEFCTRI

ASLEG v UDP-H] & fi B4 2 l (TbA04G077120,
1.16 £5) R KREVA B E T N, S4
QIR 2/3/4 (AU RO G54 IE R RTEbE
FEEF B B BRI R T (B-ARR) 5 A B B
W R (A-ARR), EMS 28040 /> 24 R k4T
N-EI AL, T VR4 i 2 T R 200 2 2R o o
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Fig. 8 Gibberellin biosynthesis pathway
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Fig. 9 Biosynthetic pathway of zeaxanthin
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BAKI1. BRII are brassinoid steroid insensitive receptor kinase; BSK is BR signal kinase; BSU1 is positive regulatory proteins; BIN2 is protein kinase

substrate; BZR1/2 is downstream transcription factors; TCH4 is wood glucosyltransferase; CYCD3 is cyclinD3.
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Fig. 10 Biosynthesis of brassinosteroids
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Fig. 11 [Expression levels of genes related to plant hormone signaling transduction related in embryogenic cells of 7.

mongolicum under EMS mutagenesis
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