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Genome-wide identification of the maize MAPK gene family and its response to
Fusarium verticillioides infection
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Abstract: Fusarium ear rot (FER), caused by Fusarium verticillioides, is one of the most destructive fungal diseases limiting
maize (Zea mays L.) production. The mitogen-activated protein kinase (MAPK) cascade is a central regulator of plant growth,
development, and stress responses. Previous studies have shown that ZmMAPKs can enhance resistance to fungal pathogens by
upregulating defense-related genes and activating key enzymes; however, the roles of individual MAPK family members in path-
ways associated with FER resistance remain unclear. Here, we conducted a comprehensive analysis of the ZmMAPK gene family,
including genome-wide identification and characterization, chromosomal localization, phylogenetic reconstruction, collinearity
analysis, promoter cis-element prediction, tissue-specific expression profiling, and expression responses to F. verticillioides infec-
tion. In total, 24 MAPK genes were identified in the maize B73 reference genome (V5). Phylogenetic analysis grouped these
genes into four subgroups, with highly conserved exon-intron structures within each subgroup. Groups A, B, and C contain the
canonical Thr-Glu-Tyr (TEY) activation motif, whereas group D contains the Thr-Asp-Tyr (TDY) motif. Expression analyses
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showed pronounced tissue-specific differences, suggesting functional diversification within the family. RT-qPCR further indicated
that, after F verticillioides inoculation, ZmMAPK12, ZmMAPK22, ZmMAPK23, and ZmMAPK24 were differentially expressed
between the resistant inbred line Qi 319 and the susceptible inbred line B73. Sequence comparisons revealed that, in addition to
SNPs, structural variants such as transposon insertions occurred in both promoter and coding regions of these genes. Together,
these results suggest that these MAPKs may participate in regulatory pathways controlling maize responses to F. verticillioides
infection. This study provides a foundation for elucidating how MAPK cascades contribute to FER resistance and offers candidate
genes to support genetic improvement of disease-resistant maize varieties.

Keywords: maize; MAPK gene family; Fusarium ear rot; Fusarium verticillioides; expression pattern

22 Z S AR RS 5 0 R A AR =
FELRST 0% AT SR, 1.0 DI RE & A = M A1 il 3L
] B A R AL SRR, TS SEYAERKE .
 E R L A SN S o ch BUR - A ¥ (=]
53 [ A 3 1Y) 4 F R B AT SR R A,
3 ARG W& H . MAPKKK (MAP
kinase kinase kinase) . MAPKK (MAP kinase kinase)#ll
MAPK (MAP kinase) **. ‘BT = HBERRIL K
NAFHIE, S SL . BARKR UL, MAPKKK J& T
22 F IR /SRR, WA AE S/ITXXXXXS/T 7 I
X 22 G R 0 22 2 TR 1 93 2 TR B Bk 330 A7 Wl R Ak o LT
MAPKK., MAPKK J& T XU PE i, 8 4 76 306
I (T-loop) VII F1 VII #EALIIZ A Thr-X-Tyr
(TXY)PRSF BT, % I3 22 1 R % 2 1R 3 ok 1 7 W 1R
Lok BE MAPK B 5 Jm, #0E A9 MAPK i i
WA TR T Ui 0 2 1 A it TR P ) e i s 6 PR 3k T

MAPK A A I3 % 1) 2o 55 0 S, i T 22
RATR/ IR TRE PG, i LI ES 5
TR0 AR AL . T MAPK 348 11 MR
SPAEMIIR(I~XT), Hodh, VIIS VI g5 2 8l f TXY
F PR EAASF, HBR b & MAPK #UE 1Y 2 L4 1F,
MAPK {53 F 8:30 % /T 38~55 kD Z [A], #Z.L-IIRE
DB PR ST R TXY BERR ALY, Ty iy 2 2k
PR 20 B 25 5, A MAPK Z05 ] Jal 43 ok W R IV 52 e
T TEY BLJF (IR AR - 2R - 2R 1) % 5 &
TDY 35 (F R - K 4 2 R - I R ) A I i)
Hrb, TEY B WK G — LA AL B, C =4,
TDY #J7 KR mIAN D 41; A .B.C =4l MAPK
B C 338 docking (CD)ZE M, %45 ke de o] {2 1
MAPK 5 MAPKK B2 S Y R s 6, BE
P THEAE B %, SCARBR 4 TR0 R o
FERE A YR T b, 4530 2 $4 4 SR R B3 Bl 4
W A 40 AtMAPK3. AtMAPKG6 Fl AtMAPK10, B 41
AtMAPK4, C #H AtMAPKI H AtMAPK2, D #H
AMAPKS "2 LR U E W T Sk A 24

A ZmMAPK KA, B 2 TR IR (20 1),
KRG AHZEEY), B8 E Kk ZmMAPK 5% a] fE1F
FERR I AL AL ] 5 Th gl

) MAPK 5 B 5t 2 5 A AR W 55 A 0 3 i)
N DIREC ) 12 RGE . B KR, ZmMAPKS 25
W R AR MR ETE S ES 5 H0,
A RPUEACBT A O FERIRE IR, G Rk
ZmMAPK1 0t 35 45 T 4% 5 IR 0L I B9 T S ),
A8 5 SR PR A oKk ZmMAPKS . ZmMAPK7 |
ZmSIMK1 B, ZmMAPKI7 12 P H 5 5 1 it 5 fig
FIPO G segk R, Tk MAPK ER BT AE Y
W EAAROIER . HELZ T, XFEKRK MAPK
S Y TP DI REAE S, H TR IE RN B
=, HREEALE R A ik — 2D .

TR R 2R B K R E 2 —, MK
L. WS FERE RO KM 20 RFPECR
P22, Hoh, UERHRME S RAMBE S
i (Fusarium graminearum species complex, FGSC)43
Mt . BOR H e P2 20 AT B K
FEOEATIA 30%LA 1), I 4 PR U PR AR AR B
7 DA JE R ) WA BE(DON)#E R 4, Xt A\ F fd bR
PR ™ B IS IRPUR I L R U AL AR R
B T K ARG G 1A% O i A2 ) R i I 1A 3
e 2 L SR HK Ay B Mo 8 AR R Uik A5 U7 1 o B )
ZmAuxRP1 . ZmXYXT2 . ZmGAEI . ZmWAX2 . ZmFER]1
H1 Zmlox3 S0 H S FL N 250 R4S MAPK 1E15
X LR R AL A E, B R K
MAPK K A7 52 5 B S B SR, & MAPK
ISP SR N C AR AP IR | S e

T2 HE A0 5 R RN 85 18 B0 PR A e ORI
W OEED, R E KA R BT3 3%
LA EERE, X ZmMAPK HE [ 50T R R G0k
)4 3 R 2 % SRR AE o b, st 24 A
ZmMAPK $£H, ST Ao e R —80", 75 LRk
T, #E— D RAT R A5 R . YA R E L S



5 4]

IV oK MAPK G2 4 i IR 2 46 5 B X 4000 A 400 1 S 4 14 )37 1293

HE G F . #CR, IFB0E sh = 1E oo
1 GG IT . KFESEYFC MIIRE MAPK
I, B EKk MAPK #Y» 2K Rt bR R, il
RT-qPCR AR AMHT ZmMAPK J5 PR (4 20 245 S e 265k
KAVRAL SRR Y S5 MR EE, G PR
S3ATT 55 020 M 67 B E, R 2 0 22 1 B A i
PEFEA, AT R M FE T MAPK /509 £ KPUR 5
TFHLH S P & Fh e (e 1 S IR .
1 #RlE5REE
1.1 #EYHMHERERE

BB BHE H] KRBT H 22 R 5F 319 5V A
L% BT3RS R TR AR R R, Hor R
7 BRI LR AR RIS, WEWRERE 1x10°
7 mL™, DARIERS R 12 e R i — Bk X R
A2 0] i G B W% K (ddHL0), HEBR 75 790 A B it
RIS THe . N TR R FH AL 24308 18 13 540,
TEE A 22 )5 5~7 d Ay, B REEEA 2 mL 1
ETRUWR, BRI TR R 08 38 Aok 6 22 1E A AR G
RS 40 d WA AR TR O, kPR A AR 5 T
VAR BER MR B P I A T B R 43 P
12 EX MAPK EERKHEE

M MaizeGDB %4 2 (http://www.maizegdb.org) 7
T #E K B73 2% 5L H 417 51(Zm-B73-REFERENCE-
NAM-5.0), M TAIR Z(FE ZE (https://www.arabidopsis.
org)5 TIGR #U4i)% (http:/rice.plantbiology.msu.edu)
FRAR B, T K R MAPK 575 il Bt 1Y 22 R R 7 471
YE 2% 75, KA NCBI BLASTp FIk(E fH<
13107, JEHIEl—H¥> 60% ., HXHEE> 50%)i 17 R
TP FIR R, Kk 3L H iy 44 N ZmMAPK ) [R] A,
I Pfam 48 JE (PF00069) ) HMM F—F 3CF, il i
HMMER3.0 317 2L FH 4K &K, B BLASTp 5
HMMER £ 1 ) 58 S A S s e 2 [ . #1 i NCBI CDD
045 2 (https://www.ncbi.nlm.nih.gov/cdd)5 SMART
B4 % (http://smart.embl-heidelberg.de/smart) 5 ik
Pkinase Z5H4 8 (FF1E ¥4 TxYVXxxRWYRAPEL), 4|
BrAESE SRR, il ExPASY 7E£k T H(https:/
web.expasy.org/compute_pi/) T Il 2w i & H 1) 3 F &
(molecular weight, MW)5 %5 H 15, (pD)
1.3 AEYHMIE MAPK BERNRSZ L EHH

TEBOKRE . 3. NE LM RER T %E B
MAPK ZIGEE A @R P, 5EK ZmMAPK &
BTy L FE R G R B . KA Clustal X 2.0

B A (http://www.clustal.org/clustal2/) %t =ik 5 45/
AR ) MAPK 2 75 47 2 )7 5 e xs . i
MEGA-X B @ RS kB W, R L
(neighbor-joining, NJ), JFi%# 1000 K & & flikE: LADFE
7 B AR
1.4 MAPK EREHMEERBEERFKEXSH

FIH GSDS2.0 fIz 55 #% (http://gsds.cbi.pku.edu.
en/) 3 A7 B R B A W F- N B oA L SRR IRIX
(5'UTR)5 3R IX B3'UTR)N B 45445 8 . R
MEME v5.0.5 #{4 (http://meme-suite.org) % & {& 51
FEIF, AR ERRE A 55 BT Y, ORI
HRT, SHEWNT: RFEREEEN 10,
R TR R 100 1P,
1.5 FEK MAPK BEEMRBUEERMS FH5H

f& B MaizeGDB (http://www.maizegdb.org) &
Phytozome v9.1 (http://www.phytozome.net/maize.
php) B &, #2280 ZmMAPK WOREH 41 EN G S,
YL OAR A EE . 2% Shi ZEPRARE /A H3 1B
EERMA: # 2 Pl EA MAPK FEH AT IR — 4 o
& I, HAE 100 kb [ AHRR AN L 5 A HAEE A
A, D Ry R R A BE N, AT MAPK [
FIEMY B, R S TN & A5 B ok
H NCBI F Phytozome %4k 2% it T A 5k PR 41 73 B¢ .
BJm, 383 FEX) cDNA 51 55 ) b Y B P 41 DNA
FEAN, P HAM R . K RN A
F1F SR 0 S5 R A e 2430
1.6 RFEBIEDHT

K H MEME F2J¥ (http://meme.sdsc.edu) %& & &
KAk MAPK 25 [ £/ 57 3£ 7 (motifs), %X} MAPK
FIEREAT BT BB 45 45 F SRk A 7 ¥ 1) o3 A7 ) —
D71, G5 TSR T A AT RE AR, TiiE TXY B
PR s (MAPK 06 9 SCHE( S, & TEY 3¢ TDY
WAL, 55 —J5 1, $EEC MAPK C ¥ i S [/ % 454
. WIS DIRe o A R SE I, A MEGA 5.0
ALY ClustalX #F, XF TXY i 5 K CD 54
B TR 9 o3l AT 2 e S e, DLA A A
AR FE ) — 3 4041 . SR WebLogo 7Rk T B
(http://weblogo.berkeley.edu/logo.cgi) A i J¥ %1 B 1R
FPT FR R0 AR FE (AR SF R R AE o
1.7 H&ESH

M MCScanX %5 £ K MAPK e[ () ER IR B
A B EE 4, Thtools (v1.120)%k /4 2 H4h
AT ERGKRE . S8, /N MRBER MAPK



1294 fE W 2 #t

%52 %

FER AL M. SR PAL2NAL T.H (http://www.
bork.embl.de/pal2nal/)it5 H & [A] V5 3 K X 1Y [R) SCB:
He R (K FIAR[R] SO R (K
1.8 RNA 12E

AL s NS W AR BB AR A
(TransGen)f*)) EasyPure Plant RNA Kit 42 4 & RNA &
BUA A £ (ER301)$EHL RNA, i1 NanoDrop 2000
(Thermo Scientific, 32[&). Agilent 4200 TapeStation
(AR AR, TEEDRL A 1%BR R MR EEI L UK T
fii RNA 52 Bk i Fk B2 AR5, ] FastKing
gDNA Dispelling RT SuperMix (FKAR ¥R A R
2w}, PE)IEFT cDNA F k.
1.9 RT-qPCR

eI B73 A FR Nt 22 AR | 25 i, B2 K
TR e 15 d BIFFRL, BE 3 MEYHEE, il
USRS . JPTE R BRI E T 0 (R
{RYLXTHR) . 48, 72 196 h 4 ANEfiE] A1, A AERRAE
R AR R ] 57 SR AR AFRAE i, B 1) B 3 4>
Vs, 0T RS . ] Bio-Rad
CFX-96 PCR (M, 3% H)#EATSEmfE & PCR 7
B, PAEIRFRIT: 95 CHIAEYE 15 min; 95°CAEE 10 s,
S8°CIR AL 30 s, 40 MEH . R 2740k
FRRAX KA, L EREZ RERN ZmUBI 1E
NS SRR T Rk AR AL AT b T A
Py fdi A Primer v5.03% 11, EARG 975051 T Kt 2
1,
1.10 IV 48 B € i 53 4

LA B73 MR H5 ZmMAPK 2 4 4 K 4 5 7 5]
PG, @ik BamH 1A 146 A F) CPB-GFP {1

#1 EX MAPK RiEHK RIFE

N ¥ B, UMEZ CaMV 35S J3 3 1 45 i
ZmMAPK12 (ZmMAPK22 . ZmMAPK23 . ZmMAPK24)-
GFP Al &8 M, X4k CDS ¥ 385 |9 K a8 AR F 2 5 | 9
H R UL 2 B2 3. BEJS, A AL =0
¥ (Nicotiana benthamiana). ¥ AbJ5, it LR E R
8% (Zeiss LSMOBO)HEA T I 4H Jifd 2 437 AR 537 o
1.1 EEARFFIEF

M NCBI %# 7 (https://blast.ncbi.nlm.nih.gov/)
FR BB BESE R AE B73 2% 3L R 4] P Y S 3 F I 5
(MR X 30 5 it 781, ik B TESF 319 iy R 3)
FIFA 5 g b E 510k B E L BEBEAE D Rt
FEFT ERAPL T B A IR X 5 319 BRI R4
I R SR A TBtools HEMOI%F bR 4 34T
AR S bR EL AL B], TR T8 2 ik
WERGTE; BEJS 6 DNAMAN SR8 e 5L 4 471
53Xk B73 2 E LKA (VS XN 1 MAPK 2% 7
NEAT 2 P A ELXE, A3 M P84S S
2 HERESH
2.1 EXKMAPK R RMEES S

1E B73 2% BN AL 45 3] 24 4~ MAPK
B, s fEby 7 SU@EIMNYITA Ye ik b, MREE
FERAER AR LIALE, 4 MAPK BEFERIR AT 40
ZmMAPK I~ZmMAPK24 (# 1), 3X 24 1~ ZmMAPK 4
WA E A TS TEY 8 TDY BEfRfbfis, K
TE 369~613 aa Z[H], 75 7E 42.21~69.97 kD Z[H],
S HL S 5.31~9.79 Z[H) o YA {57 2 BT R K BR AR
HRFE G 1) ZmMAPK FEH, (BAERFEHAPEI T 8
R BEE SR 1.

Table 1 Characteristics of maize MAPK family members

FED 44 e E TR IEBE/ (A cDNA K&
Gene name Gene ID +/— Location cDNA length (bp)
ZmMAPK1 Zm00001eb013100_T002 - 1: 43531905-43534945 1830
ZmMAPK?2 Zm00001eb064400_T001 + 1: 304811655-304817679 1855
ZmMAPK3 Zm00001eb108620_T002 + 2:216734646-216743750 2326
ZmMAPK4 Zm00001eb157530_T005 - 3:216720489-216727838 2686
ZmMAPKS Zm00001eb188190_T001 + 4:164418415-164426173 2284
ZmMAPKG6 Zm00001eb209160_T001 - 4:248117044-248125086 2123
ZmMAPK7 Zm00001eb226770_T001 + 5:57856508-57862058 2238
ZmMAPKS8 Zm00001eb227400_T001 + 5: 60874738-60880340 2692
ZmMAPK9 Zm00001eb232260_T002 - 5:81917071-81922582 1676
ZmMAPK10 Zm00001eb251700_T001 + 5:208080505-208085121 2063
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S A e L/ i cDNA K
Gene name Gene ID +/— Location cDNA length (bp)
ZmMAPKI11 Zm00001eb269140_T001 + 6: 69497277-69500626 1663
ZmMAPK12 Zm00001eb270940_T001 + 6: 83991180-83995989 1798
ZmMAPKI13 Zm00001eb272710 _T001 - 6: 95444686-95450120 2834
ZmMAPK 14 Zm00001eb296060_T004 - 6:176323317-176328469 2434
ZmMAPKI5 Zm00001eb296690_T001 + 6: 177432982-177438789 2566
ZmMAPK16 Zm00001eb297110_T001 - 6: 178288229-178293094 2547
ZmMAPK17 Zm00001eb343870_T001 - 8:71881363-71885620 2229
ZmMAPKIS8 Zm00001eb358890_T001 - 8: 149685650-149692003 3036
ZmMAPK19 Zm00001eb359260_T001 - 8: 150659561-150668327 1878
ZmMAPK20 Zm00001eb359720 _T001 + 8:152925340-152931695 2726
ZmMAPK21 Zm00001eb376640_T001 + 9:20685730-20691972 1660
ZmMAPK22 Zm00001eb393610_T001 + 9: 130844368-130848936 1689
ZmMAPK23 Zm00001eb397190 T001 - 9: 144513290-144516878 1982
ZmMAPK24 Zm00001eb417810_T002 + 10: 90487044-90493051 2722
LN 44 R HAMEH oy S HR
Gene name Amino acid (aa) MW (kD) pl T-loop
ZmMAPK1 376 43.49 5.74 TEY
ZmMAPK?2 424 48.78 5.76 TDY
ZmMAPK3 556 63.30 8.85 TDY
ZmMAPK4 588 67.01 9.33 TDY
ZmMAPKS 459 51.69 9.79 TEY
ZmMAPK6 491 55.74 8.58 TDY
ZmMAPK7 369 42.21 7.17 TEY
ZmMAPKS 579 66.04 6.42 TDY
ZmMAPK9 370 42.47 6.53 TEY
ZmMAPKI0 459 51.37 9.64 TEY
ZmMAPKI11 381 43.06 9.58 TEY
ZmMAPK12 398 45.05 5.31 TEY
ZmMAPK13 576 65.48 6.54 TDY
ZmMAPKI14 589 67.08 9.20 TDY
ZmMAPK15 601 68.13 6.62 TDY
ZmMAPKI6 601 67.55 9.35 TDY
ZmMAPK17 562 63.68 7.61 TDY
ZmMAPKI18 613 69.97 9.04 TDY
ZmMAPKI9 489 55.86 6.62 TDY
ZmMAPK20 589 67.15 9.41 TDY
ZmMAPK21 398 44.93 5.39 TEY
ZmMAPK22 372 42.33 6.07 TEY
ZmMAPK23 374 43.29 5.52 TEY
ZmMAPK24 557 63.58 8.79 TDY

TEY: N 8MR-4A 2 M-MAR; TDY: Jh A MR- K& A m-MER .
MW: molecular weight; PI: isoelectric point; TEY: threonine-glutamic acid-tyrosine; TDY: threonine-aspartic acid-tyrosine.
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Fig. 1 Phylogenetic tree of the MAPK gene family in maize, rice, and Arabidopsis
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Fig.2 Conserved motifs, domains, and gene structures of maize MAPK family members
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Fig.3 Cis-acting elements in the promoters of 24 ZmMAPK genes in maize
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Fig. 4 Synteny analysis of MAPK genes among maize, rice, sorghum, wheat, and Setaria viridis
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Fig.5 Expression pattern analysis of maize MAPK genes
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Fig. 6 RT-qPCR analysis of maize MAPK genes in response to Fusarium verticillioides infection

* R FORTE 0.05 F1 0.01 K2R B,

* ** mean significant difference at the 0.05 and 0.01 levels, respectively.
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Table 2 Variant types in ZmMAPKI12, ZmMAPK22, ZmMAPK23, and ZmMAPK24 and their potential functional impacts

1 RETRER  cpswag  CCRREAEE AT R
Gene Promoter variation CDS variation Amino ac'1d .sequence Potential functional implications
variation
ZmMAPK12 R BifiA . G K& Indel 2 SNP i Kt G EMAR T MAfA . JH3hF748 5l Bei i £ K 3235, CDS i A/ ml B
SNP {if 51 5748 RAL [N FEE A A FERR UL, S0 R PR E M s T B
Large fragment inser-  Indel and SNP site Numerous amino acid Promoter variation may affect gene expression;
tion, deletion, and SNP mutation variations, insertions, and insertions/deletions in the CDS may cause
site mutation deletions frameshifts or amino acid changes, thereby
affecting protein stability or function
ZmMAPK22  RFBARA L SR K S 1AAET 30 — & IER A (G) J& 8l 78 S T RESE e Bk IR k5 CDS A S 2L
SNP {if 51 5% H(CGGYfi A A single amino acid (G)  NEEEEAE A, T RESS W 1 BT 45 F s 2l fiE
Large fragment inser-  3-base (CGG) insertion Promoter variation may affect gene expression; CDS
tion, deletion, and SNP insertion in exon 1 insertion results in the insertion of a single amino
site mutation acid, which may affect protein structure or function
ZmMAPK23 ~ SNP i i 5+ KA BABAFR  REEIERAL T MAEA JH 305 SNP Al fE 20 %1% ; CDS i AFI SNP F2(
SNP site variation 2 SNP i #.%€74F  Numerous amino acid TR A A 1 2 A, W RERZ Tk
Large fragment variations, and insertions Promoter SNPs may affect expression; insertions
insertion and and SNPs in the CDS cause significant alterations
numerous SNP site in protein structure, potentially affecting function
mutations
ZmMAPK24  hAT ()BTRS —4> SNP B0 BRIk, PR 830 68 74l AT RE IR U8 RIK A% CDS 4

A SNP fif 5 58718
Insertion of members
from the hAT transpo-
son superfamily and
SNP site mutations

ML ANE T S MEAK
bp i A

A SNP variant site termination, resulting in a

Premature translation

and a 5-bp inser-  truncated protein

tion in exon 8

A SFERIDAEYE, TIRETE R TRE
Transposon insertion in the promoter region may
significantly alter expression regulation; insertion
in the CDS leads to frameshift and truncation,
likely resulting in loss of protein function

VLR 5% 319 AP 5 5 B73 2255 B M 20 )5 51 LU AT 4523

Variants were identified by aligning the Qi 319 genomic sequence to the B73 reference genome.
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Fig. 7 Subcellular localization of ZmMAPK proteins
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Table S1 qPCR primers for the ZmMAPK gene family

5194 B E19] 741 1 )55

Primer name Forward sequence (5'-3") Reverse sequence (5'-3")
ZmUBI-2q TGGTTGTGGCTTCGTTGGTT GCTGCAGAAGAGTTTTGGGTACA
ZmMAPK] CTGTCGGAGGAGCACTGC TTGCTGGGCTTGAGGTCG
ZmMAPK2 CCGGGATTTGAGAATACCCC CCGGATAGGTGCTAACGAAC
ZmMAPK3 AGCACGGCCAATATAACAGA AGATGCTTGAGAGAGGTTGT
ZmMAPK4 GTGACAAGGTGGCAATCAAGA GGATGGCGTAATAGCCGAAG
ZmMAPKS GGTTAGCAAAGGTGTCATAAAGC TGCCCGATACCAGCGAGTT
ZmMAPK6 GGCGAGTCAGTATCAAATCCAA GGGGCAACATAATGTGCTTAA
ZmMAPK7 TGGCAAGTCAAGGAAAGCAT TTCATTGGTCTCGCGGTTAA
ZmMAPKS TGAAAGGCGGAGAACAGATTAG GGTAGTGCGGGCAACAGAA
ZmMAPK9 GTTGCTCCGAGGACTCAAAT TTGTACGTGCGAGACCAAAA
ZmMAPKI0 GCTAGTCTCGGTTGGCTTC GCTAGTCTCGGTTGGCTTC
ZmMAPKI11 ACAAAGGCAGAAGCGATGAA AAACCTCTCGGAACCCAAAC
ZmMAPKI2 TGAACGATGGCTGCCTGAAT GCAGGCAACGTCGGAGATA
ZmMAPKI3 CCTTTGGCTCTTCGTCTTTTAG TTGGGTGTCTTGATGGCTCA
ZmMAPKI14 GATACAGAACATCTTCGAGCACC TTCGTCAAGTCATCGTTAGCCT
ZmMAPKI15 TCCAGGGAAGAATGTTGTGC AGCAAGAAGACGTTCAAGCA
ZmMAPKI16 AAGGACTTCAAGGACATTTTCG TTGAATGCGACTCGGGCTA
ZmMAPKI17 CCGGCTAGGAGGGACTACAA GTCGTCAGGTCAGGGTTAGC
ZmMAPKIS8 GGCAATCTCCCCAGAACGT TGGTGTCTCCATTTTGGTAAGG
ZmMAPKI9 CAAAGGACCGACCAACTGC TTGAAACGATCCACCCCACT
ZmMAPK20 GGAAGTTATGGCGTTGTTTGC GGATGGCGTAATAGCCGAAG
ZmMAPK21 ATAAGGGATATCATACCTCCTGCG ATACTGACAGTGCTCCTCTGA
ZmMAPK22 GAAATCGTTACTCGTCAACCCC AGTCCTGTCTTGGAAACTGTGG
ZmMAPK23 CCGAGACGAAGGAGATGGTG CGGAGTGGATGTACTTGAGCC
ZmMAPK24 GCCGAGCGATATGAGCAAC TGACCACCACGACTATCAACG

Mik2 BEFESIYFTI

Table S2 Primer sequences for gene amplification

514 IE ) 751 S 16 )

Primer name Forward sequence (5'-3") Reverse sequence (5'-3")
ZmMAPKI12 CDS CTCGAAAGCAACCCAAAACTC TGAATGGCACCGTCTCCTG
ZmMAPK22 CDS CCGCCCATCAACGACTAGA TGCCCGTATGCCCAACA
ZmMAPK23 CDS CACTTTCTCGCTACCTTCCTC TATGGTTCGGAACTGACGAG
ZmMAPK24 CDS AGCTCTGCTTAGGTCTCACA AGATCCAATCTTTCGTGCCC

Mk 3 THBEEMBIAREESIMEFT
Table S3  Primer sequences for constructing subcellular localization vectors
GIE7E2 Gk 2] B A 14 P LD it
Primer name Primer sequence (5'-3") Restriction enzyme
CPB-GFP-ZmMAPK12-F ACTCTAGAGGATCGGTCACCATGGACGGCGGGGGGCAG BamH 1

CPB-GFP-ZmMAPKI12-R
CPB-GFP-ZmMAPK22-F

CGGGCCCGCGGTACGGTGACCTGGTAATCTGGGTTGAA

ACTCTAGAGGATCGGTCACCATGGATTCCTCCGGCGGC
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Primer name Primer sequence (5'-3") Restriction enzyme
CPB-GFP-ZmMAPK22-R CGGGCCCGCGGTACGGTGACGTAGGGAGGCTCTGGGTT BamH 1
CPB-GFP-ZmMAPK23-F ACTCTAGAGGATCGGTCACCATGAGCGGAGGAGGCGTG
CPB-GFP-ZmMAPK23-R CGGGCCCGCGGTACGGTGACGTATCGGAAGTTGGGGTT
CPB-GFP-ZmMAPK24-F ACTCTAGAGGATCGGTCACCATGCAGCACGACCAGAAG
CPB-GFP-ZmMAPK24-R CGGGCCCGCGGTACGGTGACCCAGTGACCACCACGACT
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Fig. S1 Chromosomal locations and distribution of segmentally duplicated genes
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Fig. S2 Chromosomal distribution of ZmMAPK genes in maize
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Fig. S3 Conserved motifs in maize MAPKSs




