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Genome-wide identification, characterization, and expression
analysis of MAPK genes in response to Plasmodiophora brassicae
infection in Brassica juncea
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LI Zhijie?, LI Sen', YANG Wenlong®*"
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Sciences, Beijing 100081, China

Abstract: In recent years, the spread of clubroot disease caused by Plasmodiophora brassicae
infection has seriously affected the yield and quality of Brassica juncea (L.) Czern.. The cascade
of mitogen-activated protein kinases (MAPKSs), a highly conserved signaling pathway, plays an
important role in plant responses to both biotic and abiotic stress conditions. To mine the MAPK
genes related to clubroot disease resistance in B. juncea, we conducted a genome-wide analysis on
this vegetable, and we analyzed the phylogenetic evolution and gene structure of the MAPK gene
family in mustard. The 66 BjuMAPK genes identified by screening the whole genome sequence of
B. juncea were unevenly distributed on 17 chromosomes. At the genomic scale, tandem repeats led
to an increase in the number of MAPK genes in B. juncea. It was found that members of the same
subfamily had similar gene structures, and there were great differences among different
subfamilies. These predicted Cis-acting elements were related to plant hormones, stress resistance,
and plant growth and development. The expression of BjJuMAPKO02, BjuMAPK15, BjuMAPK17,
and BJuMAPK19 were down-regulated or up-regulated in response to P. brassicae infection. The
above results lay a theoretical foundation for further studying the functions of BjuMAPK genes in
B. juncea in response to the biotic stress caused by clubroot disease.

Keywords: Brassica juncea; mitogen-activated protein kinases; clubroot disease; expression
analysis
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1.2 TR MAPK EEEHEFHLEE

M. TAIR 3l (https://www.arabidopsis.org/)
T A E T R A A 8 1 Pz B R T A AR
CA MR IT MAPK S 48K, FIF TBtools
T HAZHU 20 54U MAPK JE K G5 1T
5, 7£ BRAD (http://brassicadb.cn/) Rl It
MR V1.0, @1t TBtools ##17 BLAST L
SHEZ, BEECE N (E-value<l X&), &
FE51], A5 BIIF S MAPK 3t R 51 4[] U5 26 117
51, FIFH Pfam (http://pfam.xfam.org/)7E LR KGN H:
MAPK {5 5F 45 ¥ 5%, (PF00069) , {# FI HMMER
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wolfpsort.hgc.jp/) W i XF 7+ 2% MAPK 25 FH I TIF
24 57 T
1.4 773 MAPK RiEFAEF ALK
B FAE E 1 i
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*1 AMRETAEFKHAEE PCR I

Primers for quantitative reverse transcription polymerase chain reaction used in this study

Table 1

Primer Forward sequence (5'—3") Reverse sequence (5'—3") PCR product (bp)
GAPDH CAAGAAGGCTATCAAGGAGGAAT TCACGAAGTTGTCACTCAATGC 151
MAPK02 GAATAGCGGCAAAAGTGGGC GGCTCGAAAGAAACACGTCG 144
MAPK04 AGGGTGCATTTTTGCAGAGC CCTCACCCTTCCAATGGCTT 127
MAPKO7 GATTGGCTACTCACGGAGGTCAGT CTCTTGGCGTCGATGATGTTGTCA 205
MAPK15 ACGTCATGCTTCCTCCTTCG ACTGGTAATGCTCAGGCGTC 123
MAPK17 ACTTGTGTGCAACGGAGAGT GCAGATGGTTCCACAACACG 154
MAPK19 CATGCTACCTCCTTCTCGCC CACATTGGCTGCGTGAACAT 172
MAPK26 GGAACGTAACTCCCCACCTG CTCTGATGAGCACACCCGTT 170
MAPK30 TGCTCTAGACACGCACACTG CCTGGTTGCGTCAGAGACAT 182
MAPK32 ACACGCTGATCCTCTCGCTCTT GGCTCCGAACCATCCAAGTATTCTT 270
MAPK35 AGGACGAAGAAGACGAAGAAGAGGA CGACTGGCTTCACCGTATTCTGTAA 202
MAPK37 ACTACACCGCGACCTGAAAC ACTCCGAGCAGTTGAGAAGC 167
MAPK38 TACCTAGGGCTTGCGTTGTG CACGCGGTCTCTCATCTCTG 117
MAPK40 CTACTCGCTGGTATCGTGCC CGGTGGAGTGCCTAGAAAGT 182
MAPK45 CCCAAGCGGAGTTGATCAGT CTGATGATGAGCACACCCGT 137
MAPK46 CATTGATGTCTGGTCAGTTGG TCTCTCTGATCATTCGCTCC 172
MAPKS57 AAATAGCGGCAAAAGTGGGC GCCAGGTTGAGCATTTGAGG 106
MAPK58 CGAGTTGATCCACCAAACGG CCTCGGCCTATGGGTTTGAT 113
MAPK60 ACATAAGGCAACTTCCACCGTATCC CTGGCTCATCGCTAATGTCGTGTAG 183
22 ERBMAERSH 4 .
SIS RITSE MAPK SRR Z T IE RS 2.3 REABH UM MEEFER LS

T 2 IR E A 217-629 aa, Expasy-ProtScale 43 #f

T ¥ 32 B BjuMAPKs 24 Bi K PE & 1 ;

BjuMAPK49 )7 iiit /)N, 4 29 606.36 Da,
BjuMAPK11 #y53F Bitt i K, -~ 70 087.34 Da;
BjuMAPKs Hig 25 HL g 7E 4.90-9.41 JuElN, A
40 (i MAPK & 1582019 60.29%) MAPK £ [
1) 24 IR 7 91 e 5 F S E R M BB s AR
FEUNT 40 B MAPK KIERULA 17 4>, KB
SrIE TATE R M. JT3E 66 1~ MAPK 1194
FEMR PV S o-180E | FENLAG T . 37 RREE R B-
MR, 4 MAPK R 4ift 8 1 i — 45 o-
W2 & M 35.50%—48.37% ., BEALE: &5
28.53%48.08% . ¥ JEEET RN 6.91%-20.09%,

B-EE S i N 3.72%7.88%., X W] a-H2JE I
KL 2 BjuMAPK &R 2 KFEE %
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4 66 1~ BjuMAPK & /7415 20 1> AtMPK
EAFHHITZ P i R gk B itk
B, 55BN, 66 1~IF 3K BjuMAPKSs #5435 a.
b, c. d VU4, afilc 41 BjuMAPKs HA TEY
FER, b A5 BlUMAPK28 HA R L
J¥ TQY, HAMB¥HA TEY F#F3)7, d4l
) BjuMAPKs F.A TDY 55 (& 1), 4 G
A5 B A —  a AN ELFE 7 4 BjuMAPK
FEDIF 2 A~ AtMPK JE[H ;b s 21 4
BjuMAPK JEHF1 6 > AtMPK FE[H 5 ¢ ZH A 51 £
i 8 > BjuMAPK JE:[AHI 4 4~ AtMPK J&[H; d
ZH MG AFE 30 4 BjuMAPK Rl 8 > AtMPK
LR, ISR MAPK JER G050 bt 5 AR IF 1)
MPK G5 A% D1 IR AR AL R BE 55 5 o
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Table 2 Characteristics of the 66 BjuMAPKs in Brassica juncea

Gene name  Gene ID Chromosome Molecular  Theoretical Instability Alpha  Extended Beta Random
weight (Da) isoelectric point index helix (%) strand (%) turn (%) coil (%)

BjuMAPKO1 BjuOA01G30030 A0l 42 54822  6.19 40.17 46.22 14.32 6.22 33.24
BjuMAPKO02 BjuOA01G40850 A0l 67471.13  9.36 44.16 39.30 11.61 4.48 44.61
BjuMAPKO3 BjuOA02G37940 A02 55699.59 6.64 46.29 45.29 12.50 4.51 37.70
BjuMAPKO4 BjuOA03G09360 AO03 64 057.00  8.89 41.04 42.22 10.20 5.01 42.58
BjuMAPKO5 BjuOA03G23080 AO03 68 959.06 9.41 38.22 39.27 11.55 4.95 44.22
BjuMAPKO06 BjuOA03G23650 A03 44 902.34 521 48.74 43.54 14.43 7.09 34.94
BjuMAPKO7 BjuOA03G31060 A03 4252948 5.85 41.58 43.70 15.28 5.36 35.66
BjuMAPKO08 BjuOA04G02350 A04 4512575 5.44 44.36 43.22 14.07 4.09 38.62
BjuMAPKO09 BjuOA04G02360 A04 44 74447 5.31 44.62 41.79 15.64 4.36 38.21
BjuMAPK10 BjuOA04G35890 A04 42 589.85 8.03 41.50 41.13 14.52 5.65 38.71
BjuMAPK11 BjuOA05G02970 AO05 70 087.34  9.37 41.42 39.32 12.94 4.37 43.37
BjuMAPK12 BjuOA05G03620 AO05 44 897.39  5.28 49.23 42.35 11.99 5.61 40.05
BjuMAPK13 BjuOA05G05640 A0S 42 562.84 8.06 44.79 43.01 15.05 4.84 37.10
BjuMAPK14 BjuOA05G17910 A0S 6537692 9.22 37.77 36.22 12.82 5.03 45.93
BjuMAPK15 BjuOA05G32760 A0S 68 153.13  7.16 48.00 44.78 11.28 4.71 39.23
BjuMAPK16 BjuOA05G35880 AO05 66 775.46  9.29 36.55 36.49 12.67 5.24 45.61
BjuMAPK17 BjuOA06G00090 A06 67 589.12 9.30 41.07 36.39 11.02 4.51 48.08
BjuMAPK18 BjuOA06G06270 A06 4252325 6.67 42.99 43.90 13.28 6.23 36.59
BjuMAPK19 BjuOA06G13130 A06 65448.02  6.11 38.69 43.89 12.05 5.16 38.90
BjuMAPK20 BjuOA06G20520 A06 42 601.82 5.79 36.39 43.24 12.97 6.49 37.30
BjuMAPK21 BjuOA06G40610 A06 55641.61 6.51 46.14 43.12 13.14 5.34 38.40
BjuMAPK22 BjuOA07G01990 A07 4227693  6.64 34.13 46.47 15.22 7.34 30.98
BjuMAPK23 BjuOA07G24690 A07 5167226 5.74 44.48 4435 14.86 6.21 34.59
BjuMAPK24 BjuOA07G29720 AO07 65318.92 7.01 45.69 45.58 10.23 4.51 39.69
BjuMAPK?25 BjuOA09G12040 A09 5376092 7.22 34.36 39.53 20.09 5.98 34.40
BjuMAPK26 BjuOA09G24100 A09 55459.51 7.25 44.57 43.21 14.61 4.94 37.24
BjuMAPK27 BjuOA09G28190 A09 42 853.93 5.52 41.42 45.58 15.55 4.56 34.32
BjuMAPK28 BjuOA09G52800 A09 40718.47 5.17 48.84 44.38 11.24 3.93 40.45
BjuMAPK29 BjuOA09G52820 A09 45729.19 6.17 41.28 39.75 14.00 5.50 40.75
BjuMAPK30 BjuOA09G60700 A09 65327.04 6.72 43.28 44.81 9.34 4.33 41.52
BjuMAPK31 BjuOA09G66880 A09 43 047.13  5.00 47.50 45.01 14.82 5.66 34.50
BjuMAPK32 BjuOA10G21210 A10 64 260.35 8.95 40.80 40.90 11.57 4.80 42.70
BjuMAPK33 BjuOB01G00780 BO1 4252772 7.64 41.99 44.35 14.78 6.45 3441
BjuMAPK34 BjuOB01G02130 BOI 44 703.08 5.44 44.28 42.31 14.87 5.90 36.92
BjuMAPK35 BjuOB01G39120 BOI 6933437 7.18 46.24 45.03 12.75 3.81 38.41
BjuMAPK36 BjuOB01G42250 BOI 66 654.29  9.29 38.26 38.72 14.14 6.06 41.08
BjuMAPK37 BjuOB02G02700 BO02 42 082.05 4.90 46.98 45.18 14.60 7.16 33.06
BjuMAPK38 BjuOB02G35490 B02 64 340.45 8.95 37.60 40.85 11.01 6.22 41.92
(k)

&: 010-64807509 b: cjb@im.ac.cn



742

ISSN 1000-3061 CN 11-1998/Q

W) T AE2#HL Chin J Biotech

(83 2)

Gene name Gene ID Chromosome Molecular Theoretical Instability Alpha Extended Beta Random

weight (Da) isoelectric point index helix (%) strand (%) turn (%) coil (%)
BjuMAPK39 BjuOB02G54720 BO02 55067.88  6.54 48.51 45.13 12.42 5.18 37.27
BjuMAPK40 BjuOB03G07290 BO03 66 228.75  6.37 40.56 44.88 11.43 4.78 38.91
BjuMAPK41 BjuOB03G26460 BO03 65266.79  6.32 43.30 43.67 13.00 5.89 37.44
BjuMAPK42 BjuOB03G37620 BO03 63619.10 6.85 44.70 45.31 11.33 3.72 39.65
BjuMAPK43 BjuOB03G59970 BO03 42369.08 6.89 34.00 45.92 17.39 7.34 29.35
BjuMAPK44 BjuOB04G09420 B04 5553440 6.80 48.10 46.61 12.32 5.13 35.93
BjuMAPK45 BjuOB04G13890 B04 4152324 6.76 53.74 43.44 7.10 4.37 45.08
BjuMAPK46 BjuOB04G24430 B04 4229293 7.18 34.53 48.37 15.22 7.88 28.53
BjuMAPK47 BjuOB04G27900 B04 42505.22  6.67 40.53 44.44 13.28 7.59 34.69
BjuMAPK48 BjuOB04G30740 B04 66 188.58  6.38 41.89 44.24 10.51 4.58 40.68
BjuMAPK49 BjuOB04G49310 B04 29 606.36  8.48 18.77 44.96 16.28 5.43 33.33
BjuMAPK50 BjuOB05G52720 B07 42701.76  6.17 46.37 39.84 16.13 6.99 33.60
BjuMAPK51 BjuOB06G02920 B08 69 755.02  9.36 42.15 39.84 12.36 4.88 42.93
BjuMAPK52 BjuOB06G04940 B08 42 533.79  8.06 41.60 45.16 15.32 5.65 33.87
BjuMAPK53 BjuOB06G25860 B08 67 802.55  9.30 41.71 35.50 11.67 4.83 48.00
BjuMAPK54 BjuOB06G46240 B08 54 689.35 8.23 43.07 47.16 12.63 5.89 34.32
BjuMAPK55 BjuOB06G54540 BO08 44 454.08 5.67 42.21 42.53 14.18 5.15 38.14
BjuMAPK56 BjuOB06G54690 BO08 4321259 542 40.06 41.27 15.87 6.08 36.77
BjuMAPK57 BjuOB07G06380 B09 67 044.76  9.30 41.31 38.02 11.22 5.19 45.56
BjuMAPK58 BjuOB07G14580 B09 4323894 6.32 37.52 46.01 14.63 7.71 31.65
BjuMAPK59 BjuOB08G22730 BI10 68 688.82  9.34 36.60 38.41 13.41 4.97 43.21
BjuMAPK60 BjuOB08G23470 BI10 4477518 5.22 50.04 42.97 11.76 5.12 40.15
BjuMAPK61 BjuOB08G33870 BI10 4235631 5.85 40.09 43.24 14.05 4.32 38.38
BjuMAPK62 BjuOB08G41430 BI10 42 966.06 5.52 41.50 42.63 16.89 5.63 34.85
BjuMAPK63 BjuOB08G45950 BI10 42 588.82  5.79 38.07 43.78 13.78 5.68 36.76
BjuMAPK64 BjuOB08G59650 BI10 46 087.91 5.28 46.29 39.45 14.57 5.53 40.25
BjuMAPK65 BjuOB08G59660 BI10 4242434 5.10 43.09 47.44 13.75 5.93 32.88
BjuMAPK66 BjuO_Contigd024 Contig00244 45363.89 5.28 49.83 42.07 12.34 6.30 39.29

4G00410

XT 66 1~ BjuMAPK 3 [K] () N 7% -4 1 B 72544
WEAT T 508, iE 2 Fios, a 4095 T BjJuMAPK34
T 5 AHNETFAN, Hay 6 NI GIA 6 4
SRR b AR5 BjuMAPK23, BjuMAPKS54 43
FEA 8 A T ASMNE T, HAR 19 MY A
6 MMMNEF; ¢ AR T BjuMAPK25 & 4 4
SNBTF AN, Hay 7 MR EH 2 ANMMNE T
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Figure 4 Partial amino acid alignment of the 66 BjuMAPK members. The CD-Domain is the conserved
domain of MAPK in the red frame, which is the docking site between MAPKK, MAPK phosphatase and
substrates.
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Figure 6 Cis-acting elements in the promoter regions of 66 BjuMAPKSs in Brassica juncea. Different colors

represent cis-acting elements with different functions.

TERE YR N B BRI 458, AT IR S A i
W IR A . BRI, X 3 AN SERAERTR AR Y
ik R E T, RUITEDURAE T, X[
A e 32 B L L AL A 3 o 3xX 3 AN JERFEAS [ A
b A 1) 25 S AR K BRAR T SRAR I T Y
HUHEBLTIERHE TR AR TR e PR b HE 2
BORBTRL, 124913 BjuMAPKA5 7E AL F 20 Fh
FKikwEWYEFEMT XA, BuMAPK3O0 .
BjuMAPK37 . BjuMAPK38 . BjuMAPK40 .
BJuNIAPK48 TEHUR PR B A ) 42 G it
WA IR B B 0, PO AR5 I8 A e

http://journals.im.ac.cn/cjben

BjUMAPKO4 (k5 S LA IS My, Ak
995 T A 75 2] 25 0% . BjuMAPKO7 . BjuMAPK32
BjuMAPKE0 7EH T AL 5 I8 MOBHERN S 017
PeiHARIA R T, ZJEHBTRE . BJUMAPK30,
BjuMAPK37 . BjuMAPK38 . BjuMAPK40 .
BjuMAPK48 . BjuMAPKO4 . BjuMAPKO7 .
BjuMAPK32, BjuMAPKG0 J& K 75 AbFH £H FI%T iR
B IRKF JC B 25 5, HE X 9 NI RR
2 SR PRI B (1 i A o LA Ik PR ZE BT skt R
AR AN [ R e B 34 R A 38 B J A5, 4 i
BRI AS S



BE F | TR MAPK EEREH REE R EMERAERRHRESH

I = I =
0.000 & 0.00 & 0.00
0 4 8 19 42 0 4 8 19 42 0 4 8 19 42 0 4 8 ) 19_ 42
Days post infection Days post infection Days post infection Days post infection

Rela

0.00

Relat

S v.uo vt s E AT A 5 SpUeLs ‘C101° a 1| :CIUI' s
7 W CKC01 708 i‘glﬁﬁgm Z B S% 0 7 ‘Z‘E Hl B Cklio1
£ 0.02 g ‘CKC101>  £0.08 2
& % 5 £0.025
N S04 S ns M. soont M a o
= "ALZIV — "ALZIVU. & / ‘A270° ~oL4a *A270°
= ‘CKA270° B ‘CKA270° 6 ‘ , ‘ ’
£0.03 i‘cmlv £ 0015 HLCIOI, g 3 Ko g 12 i‘g‘ﬁ;}%m
2 ‘CKC101’ 2 ‘CKC101’ 2 ‘31 ‘«CKCI0I" % 03 ‘CKC101°
— = = .
8 0.02 3 0.010 £:0.008 £0.05
° ° 0.006 50,04
2 0.01 2 0.005 20.004 3 88%
ks = § 0.002 E Q01
~ & 0.000 1 W If8 5 0.000 = 0.00 k S
e £ o4 Eoet T T
Y 5 5 0.020 ]
o 0.06 s o 0058 £0.03
2 0.04 202 20,010 =
300 3 3 8‘88(5) 2 0.00
& 0.00 S 0.0 . S0.
0 4 8 19 42 e 0 4 8 19 4 =~ 0 4 8 19 42 ~ 0 4 8 19 4
Days post infection Days post infection Days post infection Days post infection

B 7 FF3 BjuMAPK EFRZEMRMEFREMIFTRMAPIIRIEST O QTR RN HL A B bR
‘A270°; HRIK RN ARIERN AL R B AR A2707 s IR IR RSN IR BT AR C101; R FRIR A HE
Fift i BT AL C1017

Figure 7 Expression analysis of BjuMAPK genes in Brassica juncea root inoculated with Plasmodiophora
brassicae. White represents inoculated susceptible material ‘A270°; Light grey represents uninoculated

susceptible material ‘A270°; Dark grey represents inoculated resistant material ‘C101°; Black represents
uninoculated resistant material ‘C101°.
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