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INETFMAPKKKKEFE R ER £ R EEHEERFTIETHT
T, R, EAN

S T TS 2 B 2 R e R AR R IR AR S R AT G, 2R 5655011

P I 2 5 25 T 8 e R 2 B SR SR a8 A R R A A N N S 6 R #H5655011
* B TV 2 e A R U S A TR B, 2 Fd 655011

HE: 185 5L R E IR & B B i3 B9 B (mitogen-activated protein kinase kinase kinase kinase, MAPKKKK)
J&Ser/Thr £ & & 4B, 55 M AIMAPKAIK A 45 €13 5431842, M AAY LB B, B EA KB
WS AN FIEAR. KR T A At 69 7 ik, e KB 40K AR F MAPKKKK IR B Rkt AT % %, F
sHHAE M. Rsitib, REFRBABENRITT BT, LA, ART AR P 345 % 2] 6/NMAPK-
KKKA B, T 2245 mlotk, a5 5 KE 5 A fE513~812 aa, W 545 M 4£5.12~6.72. 5| bt L Ik B
4 M IR BARTF 25 -TFVGTPXWMAPEV-, B JcMAPKKKK 44k 85 2 #3545 F 5 7] & 3p 4, 8 8% 0 #/4x FN
. SMdIc. # FHMAPKKKKER £ 5 & 4t tb o1 7, MAPKKKKR £ A 8440, H A L0 A & A
EEAQRINKE. SrRFHT. Fhi4570, LARLEHIH RN, RICMAPKKKKALAS A IR F, £
SAN AR FMAPKKKKHA B 6,4-18~22/0M 02 F . R X 54T B3, JeMAPKKKK]I . JeMAPKKKK2% JeMAPKK-
KK5ErT B 23k 8425, MJcMAPKKKK3Y5JcMAPKKKKG6EAR F #3554 3. R0, JeMAPKKKK3 5 Je-
MAPKKKKG6Z ) j7 MR F4ub- ey 24 H . &8 A5 47 &8, R FMAPKKKK 5 WNK. Mo25%&Mob
RkBEOQLA T ZWEAREL, FTRAGHEMMBAR, MO EBABAZT# 552, L ELERAF
J& o AR T MAPKKKKIS B 69 ) $8 %6 % 545 54 AR AR R R4 T A5,

XBEIE: ART & 6B, MAPKKKK; AR Rik; Rkt

AT ) B TR R A/ IR A I FE AR T 14 B (mitogen-activated protein kinase, MAPK)

73 B 48 MR AU Th R RO AE L, 20 R B B
lif(protein kinase)-5 & H B R (LB (phosphoprotein
phosphatases) 71 57 5 il Herh, B MBI F =
T 2 4% 1 iR (nucleotide triphosphates, NTP) (Gl & A
ATP)[)y-T B 5L e 7 22 H b ik B I 1A BN 2
FERR IR AR b, TR 12 2 BT 1 D) e R A v 1
(Hanks%51988). R 45 B R A B s FE PR T JE AN [,
T H I 5> N Ser/Thr & H 4 B (serine/threonine-
protein kinase). Tyrig FH ¥R (tyrosine-protein kinase)
RV S M B B (dual specificity protein kinase)
(ChuangZ%2015). 7> 54 8 B B K &
i & Ser/ TheS B G, |2 2 5 M M(E 5%
Si&e, H RS N SEER 5N PR 5F (Frideman il
Perrimon 2006). 1%k 5 480 & K B IR AL ) =
Gt s, B o RS A B O O
(mitogen-activated protein kinase kinase kinase, MAP-
KKK). {72 A I (mitogen-activated
protein kinase kinase, MAPKK). 1i¢ /> 2710

(Pedley#1Martin 2005).

WL B, MAPKKK B2 21 _F i -7 14
T, 38 NGTPEE A 8 I (GTP-binding protein),
BAER MG T i@ A8 Hh A 7 2500 10 B i
P I (mitogen-activated protein kinase kinase
kinase kinase, MAPKKKK) (Chuang%$2015). H T,
MAPKKKKE:R F A L3P ik Fo B vE 4,
NECAEEF6AN R, BIMAPKKKKI (HPK1),
MAPKKKK?2 (GCK). MAPKKKK3 (GLK).
MAPKKKK4 (HGK/NIK). MAPKKKKS (KHS/
GCKR) 2 MAPKKKK6 (MINK), 5§ )& T 3504
Ser/Thr2f& 2 13 1) Ste205 5 %% (Ste20-like family),
H 25 ANRRE S RIS 57 31248 (Chuangss
2015; Delpire 2009). i £ ) H 1% KW 5T 1855
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b, RAE DB AT 1 %0 KRR, tndlre
IF 575 %] 4 34 72 21104~ (ChampionZ$2004). 74~
(CakirfliKiligkaya 2015), [F]E, B 57 @ 7sMAPKKKK
ZH5MESRRMAEMBREES AUESES
T 2 4% 5 EEAE 1 (BogreZ£2000; PopescuZ:2009).,
Wit AL B PIMAPKKKK 5t R HT B, %K
A, N B 435 #4380 (N-terminal kinase domain).
& Pro3& ¥ (proline-rich motifs) & CiiCitron [ 45 44
15 (C-terminal citron-homology domain), H.7EN
Pty 45 R A L R R B AR 5714 (Chuang 552015) .

/N F-(Jatropha curcas) )@ K i FH Euphorbia-
ceae) BRI J& (Jatropha) 2 FEEJE T /NELTR R,
P51 R S I T M X (AR EE 552004), B2 20 AT
T S s 5 G Hb X R 3R E R T A T
P A M (YangZ52012) . AF 3 B AR A i R
T, /MR 5T 5 T R A 35%~60%, 38 B % A
SEM R ENL, HIRBERORIEFRIE R 1 KU bR#fE. )
Ah, AP e . AERPE . 5 T B, iEh)
YERT B30 X AR AR B, PR I DF =
TERARN, £ WS EAEE IR R
HA TR (T & ) A 5t (Makkar il Becker 2009).
H AT, B AR R I -5 0 ) SRR ) 7 2k R 4
VU B P EAT T MAPKKKKE K KR 10 % 58, Tt T
/INHi - MAPKKKK ]S R 1) 45 78 S o0 BT i oK AR IE
AT FIE T /N - 2k R 4H 25 (Sato%5:2011), FFH A=
VG B 50715558 64 /MR- MAPKKKK LA, Ff
KB JERISE M RGuidt b S SRR R e
17 7 20 i, VAH R FE /M F MAPKK KK 5 R 5 ik
(R DIRE S AEDUYAS 557 5 BOAE L 35 e el

1 RS

1.1 MEFMAPKKKKEFRIEHNLE
MGenBank | % /)Mii T-(Jatropha curcas L.)&x
Bk ER E AR, I HINCBIf Makeblastdbfs
7R 2 A A . R4 Champion%5(2004)
CakirfliKiligkaya (2015) %5 %€ I B 77 5 78] %1 MAP-
KKKKBER Z 006 55, ARG I+ TAIREHE F (https:/
www.arabidopsis.org/)-5 % %] 3 K 2 4 72 (https://
phytozome jgi.doe.gov/ pz/portal.html) | ZAURGFF10™
58] %] 7~ MAPKKKKF: R (¥ 8 (1 5 7 41 . ) H

NCBI Blastfe 3 % /M 5 5 115 203 B AT A3
BlastPAHAUTE LA (B E<17", 75 FIUTE>50%),
13 BNW 8 i 1 (1) /N F MAPKKKK 3 H 5 7 41
i id 1 [ %t e (self-Blast) £ B 2 551, #4ET
A W5 IR R #1) K I Pfam (http://pfam.sanger.ac.uk/)
5CDD (https://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi) 7t £k T E 43 H1 8 45 #2435 (protein
kinase domain)f{ii#— 0 ik, 152 /ME-TFMAPK-
KKKZEE A5 R # L % B 1 25 21
EmRNAFHI T J5 B: 5K 4548 40 4T
1.2 /MEFMAPKKKKEE KIEF5 5340

F| FH ProtParam 1. H.(http://web.expasy.org/prot-
param/)%f /Ml FMAPKKKK AT 2 AL E H . 2
W TEMw). FHAEDFEASLH . T
i 52 7 F) FHCELLO (http://cello.life.nctu.edu.tw/)if
AT Mo Gl g i AWuSE (201 5) R4 22 1) /M -+
AR ED S AT A E . AR MAPKKKK ) 4 i
[X ¥ %1 (coding sequence, CDS){5 31| % MAPKKKK &
UG %69 T ATG EiF1 500 bpR 441, Il
iIPlantCARE (http://bioinformatics.psb.ugent.be/
webtools/plantcare/html/) %} H i =0AE FH oo F gt T %
JE o W 5E B/ MAPKKKK 8 H 741 5
I Hi# FMAPKKKK % [ 3 %1 F Fi Clustal X
(Version2.0)#EAT 77 ZIAHALIE LL X, 2R )5 FIMEGA
6.0 8 il 1 AR F IR (NI R G . A,
F1 I GenDOC #i 4 5t Clustal X b 36} 45 5L i3k 47 MAP-
KKKKH F RS G580 M. 7 4b, ididmRNAJ?
H115 3[R 7 31 B BAT € MAPKKKK RN 25 1
54 Fgit, A GSDS (Gene Structure
Display Server, http://gsds.cbi.pku.edu.cn/)2z il 5 [X]
ZERE . FI|HHMEME (http://meme-suite.org/tools/
meme) £ £k 53 1 T A XAMAPKKKK & H J7 51317
motif/h#1. FJFSTRING (http:/string-db. org)i{T
MAPKKKKE [ ) D e BAT 2% 73 H7 o
1.3 /MEFMAPKKKKEFE K ERFRIE DT

126 P 1) /N - M, 42 A0S (2013) 1
TNERAT RGP S YR 9. 2 kA K14 d
FR /N 54 TR 75% . 12°CL 16 h/8 h
A S BRI 35 77 48 Hh g AT AR IR AR R, 43 0 BUAIG
IRACER12. 24H148 h 55X (CK, IEH 5 57) 11/
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TE2 E AR, LR 24 hity b, AR R
Ja IRAE T —-80°CURAE o I T+ )5 ZERNAFIFZ AL . Al
I TriZolif 7/)(Invitrogen 2y 7] ) H& HU % 25 B A RHH &
RNA, fIDNase I (Thermo2 ] ){H b7k 4% 4 K 41
DNA, 737l B3 pug i RNA, LLVRA 4 5% 5| ¥)[Ran-
dom Primer 0.1 pg-uL"' 5 Anchored Oligo(dT),,
Primer 0.5 pg-uL™"' % 550%], #]H RevertAid First
Strand cDNA Synthesis Kit (ThermoZ ] )& B4 —
#EcDNA. VNGAPDH NN Z(ZhangZ$2013), 17
/INH P MAPK KKK ] (/) 520 7% )% 52 5 PCR (quan-
titative real-time polymerase chain reaction, qRT-
PCR)Z# A4, AT A 2% Bio-Rad CFX Connect,
i ~Power SYBR Green PCR Master Mix (Ther-
mo’A A)), 20 uL & BiAK FR, FEME R R 3. A
SIVIFAI AL, 2T 95°CHIA 3 min;
95°CAZME10 s, 55°CIB k20 s, 72°CHE{Hi20 s, 454
R, 2 TR A 0 22 (65~95° CHE BRI
555, 0.5°CHIR). M2 UEIEATHIN RIS RS>
Bro &% E 72 3Rk 70 A DL 1) R IA B 0 Bk i,
IR 22 53 3238 43 1 DG IR (CKO) i e ik &y B4

2 SLIGHER

2.1 /IMEFMAPKKKKRV S E R R GH LD

FEF U 9T 5 A 24 % E 171 MAPKK-
KK 7 9108 /M 5 85 1 57 508 22 1477 BLAST
K&, 454 Pfam 5 CDD 4 #r Ser/Thrik [ M 45 14
1, L% 5 36 /I T MAPKKKK 5 R (JeMAPK-
KKKI1~JcMAPKKKKG6) (#2). T/, B
JeMAPKKKKG (1 865 bp)f Ak, JE R K 43 A 71
8 450 (JeMAPKKKKI)~1 4682 (JeMAPKKKK4) bp
2 li); B AR KA LES 13 (JcMAPKKKK6)~812
(JeMAPKKKK4) aa 2 [A]; &5 H md #W ER 1, 73 AT AE
5.12 (JcMAPKKKK4)~6.72 (JeMAPKKKKS)2 [f] .
CELLO#ENI 1, BRIcCMAPKKKK65E 17 4 i it 2.
b, He 5N IcMAPKKKK AR M AfEZ . T3 4h, /M
TEE2. 3. 4. 95 QR e AL 1N JcMAPKKKK
B, 515 Gtk g fr 2N Je MAPKKKK 3 A

I PlantCAREZ; HT 1 /M 76 MAPKKKK
B IR 3l A ok . g5 SRR, /N
T-6NMAPKKKKHE R % H W A [ 3R S5

1 qRT-PCRIEZESH BT I 51957 51

Table 1 Primers used in the qRT-PCR experiment

CIEVEA WESIM(5—3Y) TR —3)
JeMAPKKKK 1 GGTGCAAATAAAGGGGCGAT TAGCGGTGATCCCTGTGAAG
JeMAPKKKK?2 TTGACACGGGAGATAGGCAG CATGGGCAAGTTCAAGAGCA
JeMAPKKKK3 TCGAGATGTTAAGGCGGGAA CTCATGCGTTGCCTATCACC
JeMAPKKKK4 GAACCCGAAACCAAAACCCA AGGAGGGAGAGAGTCTTCGT
JeMAPKKKKS TCCTAGATCACGCCAAGCAA CGCACAACTGATCCTTCTGG
JeMAPKKKKG6 TATGTCTGCTGGTTCCCTCC AAGTGGCCTTGGTTGTGAAG
GAPDH TGAAGGACTGGAGAGGTGGA ATCAACAGTTGGAACACGGAA

K2 /M T-MAPKKKK R [ B AL 12 57
Table 2 Physicochemical property of MAPKKKK in J. curcas
B ISR BT HEEKE/bp mRNAK S /bp FREAFKE/aa SR THHE Sf S BB WA E S Jetikg i
JcMAPKKKK] 105645574 8 450 3021 728 21 6.41 18~279 M A% 9
JeMAPKKKK2 105641495 12171 3543 688 21 6.13 16~277 il kA 3
JeMAPKKKK3 105630271 9183 2823 694 21 6.09 13~274 il kA 2
JcMAPKKKK4 105630562 14 682 2728 812 18 5.12 240~494 2% 4
JeMAPKKKKS 105637555 13 000 2720 690 22 6.72 15~267 M A% 1
JcMAPKKKKG 105632224 1 865 1 865 513 1 5.94 20~299 20t 5 1

*FR IR WuSE (201 5) 44722 (4 /N 5388 % S 0 Pl 1 b A SR LR ) e (o AR s A 20
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LY ES, Lk, JeMAPKKKKI . JeMAPK-
KKK3. JceMAPKKKK4 ) JcMAPKKKK 5% & 2t
VTR 2 e, JeMAPKKKKI . JeMAPKKKK?2.
JeMAPKKKK4 %, JeMAPKKKK 6% 52 31| 3¢ 1 1 F i
25T JeMAPKKKK3 5 Jc MAPKKKK S S 2 31| 2,
175 25 704, TJeMAPKKKKG & W N KGR« Je-
MAPKKKKS =W N /R FE 2R o E %5 5E AR AP e
oA, BrJcMAPKKKK24b, #3608 i N & e
FrJcMAPKKKK34b, #ELE M) FE N o T
R JeMAPKKKK2 5 Je MAPKKKK 3% 5 I
RLTCAE, P E S 5 /Mi-F B HTA TR O FE(GR3) .
W25 5E (1) /M - TeMAPKKKK 2 [ 7 41 5 41
ST % MIMAPKKKKHEAT 7 51 b 4 8 &
Gt (K1) 55BN, 23 MMAPKKKK 5
RBANEA, H %0 4H N R 53 A7 AE B 1 B
SRR FEE . SR SRR, WA VIR & A T
B K- [ #0543 A1 1E.688~706 aa [H], Tfi WAL VISF G 7E
453~513 aax [A], WHIVEVIIHAE21~22 4k &
T, MHVIEE 1~4NHM R, FIE, BRI
VVMAPKKKK2 (9.31) 5 V40 VI AtMAPKKKK 7
(8.88) 2.4, H& T A IMAPK KKK s it 45 B, 5t # 4
BRI F34b, BRVZH VIR 7 e 25 #3800 T2
E 1 ) T B A (B 4E N - TeMAPK KKK 447 T
240~494 aa [i]), HE fi A FIMAPKKKKSs 3
SERIRAR A T 22 IKEE N (1)
2.2 /MEFMAPKKKKR)E F L5445 EFHHES 7
BT %58 BI6/IMii - MAPKKKKEE R, FiI

GSDSTELE T B AT H ALK 45 . 45 R, /IMi+
6™"MAPKKKKAE R #4055 5-UTR 53'-UTR X 1.
Horp, JeMAPKKKKG6X & H 14NN T, HIEERE
i, BRI — 3, B SN MAPKKKKHE R #
18 (JeMAPKKKK4)~22 (JeMAPKKKKS) M h 51,
HA#BABRKANEFF5I(E2-A). FIFHIMEMERf
17T o AT R B, TR Rilkif () JcMAPKKKK s
HEA AR R 7 5L P 2 AL 5 7 A RHAIE, WiTcMAP-
KKKK1/JcMAPKKKK2/JcMAPKKKK3 (/2-B).

W/ F 6 NMAPKKKK £ H 117 2 )7 41
EEE R I, 3 il 45 A4 4555 471 (K 2 240~260 aa) iR
RARSE AL, Hoew X3k WN AR i 5 C A i e 51 AR 16 #
BOR . /MR MAPKKKK g &5 14 18077 51) L 45
IR, % BIMAPK IS R 57 0 (1) SR A Jik
J%-TFVGTPXWMAPEV- (E3).
2.3 MEFMAPKKKKEF M ZE FRIE S

i I 5 € B qRT-PCRAF | /M -6~ MAP-
KKKKERIEM: Fr o iR AR Rk Hds . 45
KB, 6 MAPKKKK}E R 75 /M7 %28 B H A R
ik, (BAFfERIER R . Hh, JeMAPKKKK3 5 Jc-
MAPKKKKG6ERR H1 35 B4 =(P<0.01), HEN &2
L/l F iR MAPK L A 5 5 1) 32 BEMAPK-
KKK . %46, JeMAPKKKKG6TE M1 h R ik &
B EMAPKKKKE R # i, w] RerEfy 10 KL f2
EEEEH. BN, JeMAPKKKKI . JeMAPKKKK?2
JeJeMAPKKKKS 3 B H M [F] () 9% B R 3k 722 51,
AL Fr R Rk B s, HUCOR, ERM TR

®3 /M7 MAPKKKKH: R % ot
Table 3 Gene cis-acting elements of MAPKKKK in J. curcas

L4 H&N@&’?Fj%‘.‘ iﬁfi‘é%&%{ Ufﬁﬁj%{ 7M5JE§FE% %%E&?THEFE% EJE&FE% 1&?&&“%‘.‘ TMW?TME%
Juff s Juff Joft Joff Joff Joft Joft
JeMAPKKKK 1 + — — + + ++ — +
JeMAPKKKK?2 — — — — + — + +
JecMAPKKKK3 + — + + — +++ + —
JeMAPKKKK4 ++ — — + + ++ — +
JeMAPKKKKS ++ A ++ — — ++ — +
JeMAPKKKKG — it — et + + — +

B T% B N 2 TeE(ABA/ABRE, CACGTG); 7777 5 M2 7t (GARE-motif, AAACAGA/TCTGTTG); 24N % 7044 (ERE, ATTTCAAA);
KR % ToE(TCA-element, TCAGAAGAGG); FFi1 F SR 25 01 (MeJA, TGACG); ikt 3% T4 (HSE, AAAAAATTTC); %k i
M TCE(LTR, CCGAAA); FU PE R 2 TG0 (W-box, TTGACC); “+7 KR, “— KR T, “+" B R RS2 2oz,
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GL PL EN I[P KL
VVMAPKKKK?7 10169 600 16 5.81 12-275

2 AMAPKKKK4 5922 674 21 593 14277 1
= JOMAPKKKKD | 12171 688 21 613 16277
36 VYMAPKKKK2 8597 3689 .931. 14277 1
| JOMAPKKKK3 ™ "9183" 694 216,09 13-274
ui VVMAPKKKK4 15635 567 15 5.58 13-274 1
= —— AMAPKKKKS 5328 080 22 572 11:274
100 AMAPKKKKS 49807709 216,55 31-294
o8 100 AtMAPKKKK6 5470 711 21 8.18 45-308
97 JcMAPKKKK1 8450 728 21 641 18-279 IV
 VYMAPKKKKS 9332 72922 668 16279 .
100 % AMAPKKKKT 402859418 "888 " 16-266
—1 AtMAPKKKKY 3319 473 13 570 14-268 V
B 1 s R S N o
100 JcMAPKKKKG6 1865 513 1 594 20-299 vy
— AMAPKKKKI10 1632 453 4 580 19281
sop— JOMAPKKKKA 14682 812 18 '5.13  240-494
100 VVMAPKKKK1 31170 809 19 520 212-467yy
AMAPKKKK3 6197 | 836 18 5.10 248-503
92— AMAPKKKKT 5775688 21 6 81 14-287
100 AtMAPKKKK2 5741 690 21 6.03 14-287
JeMAPKKKKS 13000 690 22 6.72 15-267 VII
. . . . S— VYMAPKKKK3 25369 706 21 6.34 13-287
04 03 0.2 0.1 0.0

B M ST A MAPKKKKSE R 5 R Gk /0
Fig.1 Phylogenetic relationship of J. curcas with A. thaliana and V. vinifera MAPKKKK gene families
GL: BERHKCJE; PL: B A E; EN: AR 7405 IP: S5 5 KL: WIS E . FPA 850N, IR IF (drabidopsis thaliana,
Af): AIMAPKKKK] (At1g53165). AtMAPKKKK2 (At3g15220). AtMAPKKKK3 (At1g69220). AtMAPKKKK4 (At5g14720), AtMAPKKKKS
(At4g24100). AtMAPKKKKG (Atdgl10730). AtMAPKKKK7 (Atlg70430). AtMAPKKKKS (Atlg79640). AtMAPKKKKY (At1g23700).
AtMAPKKKK10 (Atdg14480); %% (Vitis vinifera, Vv): VwMAPKKKKI (CBI127303.3). VwMAPKKKK2 (CBI28527.3). VvMAPKKKK3
(CBI20268.3). VwMAPKKKK4 (CBI25246.3). VvMAPKKKKS (CBI34578.3). VwMAPKKKKG6 (CBI23577.3). VwMAPKKKK7 (CBI34913.3).

A 97 JcMAPKKKK2 I f———g—a—s-HHHisH—————————HH—a—H——— 8 H—H—--
100 JcMAPKKKK3 g— ——HHHH——HH—a————HH——HH———HE.
L JcMAPKKKK] I — HH—HH——HHEE—HHH—HH—H-H.
JcMAPKKKKG  I——
JeMAPKKKKS o —ap—+————H+—a++H—+H+H————————f———HE——H—H—————HHe
JcMAPKKKK4 5 - 04— . E—E.

=t
0.6 04 02 00

B 97 JeMAPKKKK? IS I W T [
100 JeMAPKKKK3 S I W T [
100 JcMAPKKKK1 — IS I W T
JeMAPKKKK6 — I3 I 2
JeMAPKKKKS N I 2

JeMAPKKKK4 X 3 s ]

Ex [ o
" [ 8] [ 9 | 10

1 T T
06 04 02 00 700 800 aa

100 200 300 400 500 600
Fl Motifl EAMotif2 I Motif3 EEMotif4 [ MotifS [ Motif6 Motif7 EEMotif8 EI Motif9 @U Motif10

23°7

B2 /N5 MAPKK KK 5] 2 1 1 35 8] 465 4 e motif 3 A
Fig.2 Gene structure features and conserved motifs distribution of MAPKKKK family in J. curcas

Az /T MAPKKKKFE R N & T/ 95T 4540, 2R 2 3Kn N & 1, HEARERAMNE T B: /il FMAPKKKK & [ & 5Fmotif /74T .

KRR, HEm Rk Z R R BN R EKYF  5JcMAPKKKKG6KE AR AL BE [A] (1) 484G, Rk
(P<0.01) (Kl4). RIEALEET, 7EH FrdhJeMAPKK- 3345 Fif, B2 HIZEMRIR AL 3148 hitf, B0

KKI1. JcMAPKKKK2. JcMAPKKKK4 ], JcMAPK-  f#3%43.271%(P<0.01)52.784%(P<0.05) (&5). #H
KKKS5HB S HAK T (e ik (e %, MJcMAPKKKK3 [, fRIR 44T SR dJeMAPKKKK 1~JcMAPKKKKG
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TP L PR

JcMAPKKKK?2:
JcMAPKKKK3:
JcMAPKKKK1:
JcMAPKKKKG6:
JcMAPKKKKS:
JcMAPKKKK4:

JcMAPKKKK?2:
JcMAPKKKK3:
JcMAPKKKK1:
JcMAPKKKKG6:
JcMAPKKKKS:
JcMAPKKKK4:

JcMAPKKKK?2:
JcMAPKKKK3:
JcMAPKKKK1:
JcMAPKKKKG6:
JcMAPKKKKS:
JcMAPKKKK4:

JcMAPKKKK?2:
JcMAPKKKK3:
JcMAPKKKK1:
JcMAPKKKKG6:
JcMAPKKKKS:
JcMAPKKKK4:

JcMAPKKKK2:
JcMAPKKKK3:
JcMAPKKKK1:
JcMAPKKKKG6:
JcMAPKKKKS:
JcMAPKKKK4:

¥ADAAGLMEAAGAR
MGRAVASMOAVGELGFGKQRKGSGSLS SMGEEGKHQQQLSKMSSSS I PESVTREDEI TR

125 [

122 h

201
198
203
218
195
420

281
278
283
303
271
498

7.0

6.0

5.0

4.0

3.0

AN RIL R

2.0

1.0

d GFLHVFPT
GTVRASGQ-AKPLKNAGIDRSHGGSEST]
\YASES PBGPKLNEDYGDTVPSKRPQMADEMPTSTDGME]
I3 /N T MAPKKKK &5 #4355 51 He et
Fig.3 Sequence alignment of kinase domain of MAPKKKK in J. curcas

oA @R BFT

k%

mm&ﬁm

0
MAPKKKKI MAPKKKK2 MAPKKKK3 MAPKKKK4 MAPKKKKS  MAPKKKK6

H A

K4 /M MAPKKKK SR HE R 1 2 B 22 5 RIS M

Fig.4 Differential expression of MAPKKKK family genes in different tissues of J. curcas

w3 T 7] B8 B (6 BB 7EP<0.01 15 P<0.05/K T 1% 5 B35 1

HE B RIE#A, HhJeMAPKKKK3EARIRAL  JeMAPKKKK3 5JcMAPKKKK 6 AR IR AL BT () 7
48 hitf, Boo B EIE6.7165(P<0.01); JeMAP- Wil S FE], 5 /N 5~ o v PRI R Bl B AH 5K
KKKKG6EMGIR AL FE24 hinf iE Bl KR IA &, B 2.4 INMEFMAPKKKKEE R T RE R
FIHRIE2.3545(P<0.01) (K6). DL L45RKH, FEF /M7 53 TFMAPKKKK [R5 8 [, i
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Fig.5 Relative expression levels of MAPKKKK genes in leaves of J. curcas under cold treatment
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A: JeMAPKKKKI; B: JeMAPKKKK2; C: JeMAPKKKK3; D: JceMAPKKKK4; E: JceMAPKKKKS; F: JeMAPKKKKG ., ** 5% 43 5l R R AN A
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ISTRING 10.58EAT 8 I EAF M2 70, DAAE AT 3
ATREMIEIE DR 52 5 015 55 S BUlE1e, 45
R, /I FICMAPKKKK L (45058 75 [7) V5 85 (4
At424100). JCMAPKKKK?2 (At5g14720) /2 JcMAP-
KKKK3 (At1g79640)# 3= -5 TC i 2 BR Wi (with no
lysine kinase, WNK) FL.{E, 2= 514100 & 3 XA
IS5 34k, AT 5Mo25 5 i & (1 HAE T 54
Mok A KGR . AT, JeMAPKKKKS (At3g15220)
5Mo25. MobZ A BA Z MR AR, Ak, i
52 FIMAPK 21 (MAPK phosphatase 1, MIKP1).
I 5% KA AL D (respiratory burst oxidase D,
RBOHD)i 5, F#EFH T-MOBZE & 1 M T 1 15 48
i1 5B R AR . JeMAPKKKKG (Atdg-
14480)F% 1 5Mo25 5 ikt A BLAE AL, 1w LAAE
FSnRK2.2 (sucrose non-fermenting-1 related pro-
tein kinase 2.2)50OST1 (open stomata 1) H, M
Z 5 ABAfE 5 1815 . 1 R HIcMAPKKKK4
(At1g69220)H #% 5MEKKEMAPKKK B .1E, &5
BAIMAPK IR R G5 5 SRR (7).

CPuORF58
AT2G03410
—

3 Wit

A B AT %58 M s EYMAPKKKK A i & 4t
LM 7R, MAPKKKKEE (4450 . TheESS
P I B 1 I 2 3 1) SR 2R RFAE(Dan%$2001),
Ui B S R IMAPK KKK AE 7344 2 11 J& T A A )
A, HENTT e RAESIME Y /4 2 5 % E Bk
JEH) . ChampionZE(2004)K sh M APKKKK
HH N8, BISte20/PAK. PAK. PAK-related.
TAO. MST. GCK. SOKULKScNRKI1, #5441 n
SOK fIMAPKKKK % i 3 A% 5 fi A ) MAPK 2%
A5 T R4, 7l DL E BRI BUEMAPKK s 2 5
HElE58%. (HEMAPKKKKES 5EMZ N
B RH) B B B A AR, i AR E 6
/NMAPKKKK (J& T-Ste20-likeZSer/Thrig i) ] LA
RF2ANTH, 5 H.3)Y)Ste20-likeH] 43 HPAK
(p21-activated kinase)5GCK (germinal center kinase)
P25 — % (Chuang®%2015; Strange®$2006). %4k,
CakirfllKiligkaya (2015)%4#0 rd 7 55 % % M APK -

B7 /N5 $0U RS TR A DEMAPKKKK 28 1 1 FLAF 9 25 43 BT
Fig.7 Interaction network analysis of MAPKKKK proteins identified in J. curcas and Arabidopsis
A: JeMAPKKKK1; B: JeMAPKKKK?2; C: JeMAPKKKK3; D: JeMAPKKKK4; E: JeMAPKKKKS; F: JeMAPKKKKG.
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KKKE I AR 8L, At 78 btk — 50
N4 TE 6 MMAPKKKK 5L R 7+ i &) 1
1T RB G AR, 153 T [FIFE 05 SCRFIE(8 A
W), BEEARKE. /M FHREAERNES
BAFAE B E W AR E(E) .

H A, 5 A 4 5 DR 41 Y L N 6 58 SR kAT I
REBF A IIMAPKKKKIA % /b, HAEYMAPKKKK
FRE VN AR AE AR 7 51 AH ALL % (Chuang 5%
2015), 4% % 7N MAPKKKK JF 71| HH ALl P (similarity)
1E18%~74% 2 [8], T /M6 "MAPKKKKAY A7 7E
25.0%~60.8%FHAYE . (EAFIMEY) 2 [AIMAPKK-
KKAATER 2 B B & [F)J6 (ortholog) /7 51, WCakirFll
Kiligkaya (2015)7E U Fd 77 5 % ] MAPK KKK H %
JERNAXE . AT, 3PHEA) RIS EE R4 2
6T, tNIcMAPKKKK 1/VVMAPKKKKS (541 4B ALk
86.4%). JEMAPKKKK?2/AtMAPKKKK4 (79.5%).
JceMAPKKKK3/AtMAPKKKKS (78.3%). JcMAP-
KKKK4/VVMAPKKKK1 (75.4%). JcMAPKK-
KK5/VVMAPKKKK3 (87.3%) )2 JcMAPKKKK6/
AtMAPKKKKI10 (70.4%).

CLRkiE, B MAPKKKK 5 8 [ (1) 24 2k
R H1 ARACU I S5 v, 65 R0 35 AT 2 P T 60 6 N i 13
il 45 R4k . & Prodt i (W A ZEMAPKKKK 144
A, MAPKKKK35MAPKKKK64, 234 ; MAPK-
KKK2. MAPKKKK4 & MAPKKKKS51 2 24) LA
Je CiiiCitron Rl 25 #43%, HAEH /- MAPKKKK U1
FIMAPKKKK 1 H ik %5 58 B - it K 4 Ji§ (caspase)
filf U] A7 £ (-DDVD-)(Chuang®:2015). {HIEHE
Champion%§(2004) ¥ 545 A, Ste20/PAK5PAK
FKMAPKKKKEIAF L Cliig il By 45 A0 38, 53 4%, &5
T ) FRIM A PK KKK P i Bl 435 44) 4350340 58 o7 £ 25 ik
fryeb s, bl FF I ATMAPKKKK3 (248~50317).
% I VVMAPKKKK 1 (212~46747) (Cakirfll
Kiligkaya 2015) (K1), T AW 52 H 48 5 B /M 5
JcMAPKKKKAW J& T 1638, H g 25 #3847 T
240~49447 . [FIR, FEREAIMAPKKKK A oK & I
& ProJi |7 5 Citron[Fl Y5 45 1435k, R B4 516
[IMAPKKKKAE b2 JE TR 7 AR 2E R, (HAE
T /N - FIMAPK KKK H #8245 5 31 7 MAPK-
KK 379 2 15 22 45 35l , MAPKKK A-G(T/S)Px(W/

Y/F)MAPEV- (MEKK V. 5 ji%), -GTxx(W/Y)MAPE-
(RAFYE. %), -GTPEEMAPE(L/V/M)(Y/F/L)- (ZIK
T ) (IchimuraZ2002); MAPKK A-VGTxxYM-
SPER- (Hamel22006); MAPK 4-T(E/D)Y VxTR-
WYRAPE(L/V)- (Camps251999); fi# k3 F-TFVG-
TPxWMAPEV- 1% 0[5 1 -(M/R)(A/S)PE- (E13).
H A, 5T MAPKKKKE K] () Zh BERIF 7 £E IR 3L
IR NE IR %, ChuangZ(2015)%F A
KU E 6N MAPKKKKFE RIFE A 5 ROE R Girh
PIThRe 2 505 55 SIEREHT T 4R 4R
. YT, Gui(2010)5 Wang25(2014) 75 55 5|
K — M MAPKKKKHE R ZmSIMK 1, AV K 5t %
HICAT LR e m s T B e . R B 5
Y5 RGP, B4k, Majors(2009) 78 BF 4 1
BRI T GCKIZH 1 ScMAP4K IR, 78 H ik
BRKE. M5 R K E R A
5% E 64 /I FMAPKKKK, W4 JcMAPKK-
KK447 TMAPKZ I R 4 i) b, 2 5MEKK
MAPKKK 11, el i N B S5 e AR
WS 5 5i81%, 5Chuangs(2015)7E 50 dh 2
TFMAPKKKK I REWT 7 5 2 5 {55 % Fi&E
— 3. RN, AR AN s 2 Rk B 2R (W
252015; Wang252018), /M WNK 5 ik & 11 1)
WNK3. WNKS5FEWNKIIEM F Rk B H e
SE L, MEES HHEAERIcMAPKKKK SJc-
MAPKKKK2 W75y vh s 3255 (184), W/ -5
Al HEIE T WNK3/WNKS5/WNK11-JeMAPKKKK 1/
JEMAPKKKK2 B AE i 45 15 - Fr 8z ' i # i) ik
FE(E7-ARIB). 7 4b, 5/MiFIcMAPKKKKS B
{EIRBOHDE H 7E AR v Rk g, HEW Fod
JceMAPKKKK5-RBOHD H /£ i& 4% 2 5 /)M 4l g
NRGRAREEA ML FEET-E).
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Genome-wide identification and expression analysis of MAPKKKK gene
family in Jatropha curcas
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Abstract: Mitogen-activated protein kinase kinase kinase kinase, as a Ser/Thr protein kinase, function as the
biological processes of photoperiod, flowering time, and stress resistance, which plays vital roles in classical
MAPK cascade and other signalling transduction pathways. For insight into the characteristics of MAPKKKK in
Jatropha curcas, the MAPKKKK gene family was identified from J. curcas based on the BLAST method, and
then the gene structure, phylogenetic relationship, expression profile and potential function were analyzed. The
results showed that the J. curcas genome identified 6 MAPKKKKs and the predicted MAPKKKK proteins
mainly located in nucleus with protein length ranged from 513 to 812 aa and pl value distributed from 5.12 to
6.72. Kinase domain and conserved motif of -TFVGTPxWMAPEV- were found in all the J. curcas MAPKK-
KK depends on sequence alignment. Except for MAPKKKK4 located in the middle of polypeptide, all other
members located at N-terminal. Based on the phylogenetic relationship, MAPKKKKs from J. curcas with Ara-
bidopsis thaliana and Vitis vinifera were classified into 8 subgroups and owned subgroup-specificity in protein
length, exon number, and electrical point. Furthermore, gene structure analysis showed that except for only one
exon in JeMAPKKKK®6, the other five J. curcas MAPKKKK genes contained 18-22 exons. Expression analysis
revealed that JcMAPKKKK 1, JceMAPKKKK?2, and JeMAPKKKKS5 were highly expressed in leaves, but JeMAP-
KKKK3 and JeMAPKKKKG6 possessed high expression levels in roots. In addition, JeMAPKKKK3 and JcMAP-
KKKK6 were the main genes that respond to the cold resistance in J. curcas. Protein interaction analysis indi-
cated that J. curcas MAPKKKKs had extensive interaction with WNKN, Mo25, and Mob family proteins, and
were involved in plant polarity growth, cell division, and ABA signal transduction. The results of this study
might lay a significant foundation for further studies on the gene function and signalling transduction mecha-
nism of MAPKKKK gene family in J. curcas.
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