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Abstract: Brassinosteroid signaling kinases (BSKs) are novel plant specific receptor-like cytoplasmic kinases in-
volved in the brassinosteroid (BR) signal transduction pathway. In this study, a family of maize (Zea mays) BSKs
genes was identified from maize genome using bioinformatic methods, and their structures, promoter elements,
protein structure and properties, gene expression pattern and candidate interacting proteins were analyzed. The
results revealed that 14 maize BSKs genes located on chromosome 1, 2, 4, 5 and 9, respectively, with up to 6 of
them on chromosome 1. The encoded proteins had typical PKc and TPR motifs and a complicated N-terminal
made up of extending chains and helixes; they localized in chloroplast and most of them were hydrophilic and
acidic, interacting probably with heat shock proteins, proteins with CS domain and BRI1. Differential expression
profiles of maize BSKs genes were observed on developmental stages from germination to maturity, and in dif-
ferent tissues. A great deal of cis-elements related to hormones and abiotic stresses were uncovered in the pro-
moter regions, and most of them were found to be salicylic acid (SA) and salt (NaCl) induced, which suggested
that the maize BSKs genes were modulated by multiple hormones under different developmental stages, and
might play a role in response to many kinds of abiotic stresses. This study will help to decipher the functions of
BSKs genes from monocots C4 crop maize on growth, development and responses to abiotic stresses.
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2012), $EEHEYEEAE A SCS52006). EoK
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BRI R 1k 22 2 1%/ 75 2 R W BSK 1 (BR-signal-
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TangZ$2008; WangZ$2005; RussinovaZ$2004),
BSKsJ& FRLCK-XII (receptor-like cytoplasmic ki-
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Mo fEMaizeSequenceZi i 4 SR HN I [R B0 B 46 47
s #2000 bpHJE 3 TP, #25 ZPLACE
(http://www.dna.affrc.go.jp/PLACE/signalscan.html)
Geih o iR S A S F oA R

SEINEER

1 ZmBSKsEF X EMEZ
ZEROTEGE A RIS L IE362 MR AR, 1R
ZNCBI. SMARTFIPfam# 5 75 38 47 45 A4 38,56 1E,
I G i 40,5 PK e AT TPR 45 #4358 1) A 70 4 B A 3
R 144, AR L G 0 44 1) 7 B 43 59l iy 44 N Zm B-
SKI1~ZmBSK9 (#1), HAE$E3NZmBSKs AW
Fi oA b BYE AER IR . ZmBSKs B R 4utid [y
HIKFE A T-879 (ZmBSK7.2)~2 376 (ZmBSKS5.1)

bp; 4> T EAT32.0 (ZmBSK7.2)~87.7 (ZmB-
SK5.1) kDa, ¥4 T8 455.1 kDa, ¥ 35K &
F, ZH0E A 2R, e T gk, K R
HZmBSK2 317 EAE 5 ik
2 ZmBSKsZERi# A5
AR EHE X 14 oKk 12U 3 S 6
KFEIIBSKs & AT RA K I Hr(E1). BSKs
EAP T BB T, A58 ZmBSKsHEH, 5
AN PLEG ST BSKs[A 4 ; ZHITE 3N ZmBSKsHE H, 56
AN IFBSKs[A 2H; ZHIITH 5 34N ZmBSKs & [,
5247 P BSKs [ 4l . fE#HE], ZmBSKsHI
OsBSKsH H5E 4 K R EIT.
3 ERSHS
XTHERIN & AR R IL(E2 D,

#1 ZmBSKsF:HIHFE
Table 1 Characters of ZmBSKs genes

HH 4 HR iBX/bp SR/ aa ¥R Sy FR/kDa  SEHL SRIK R
ZmBSK1 GRMZM2G099598_T01 1539 512 Cos15H306N71 0760550 574 6.48 ~0.532
ZmBSK2.1 GRMZM2G026767_T01 882 293 C 79136 N 399041080 334 5.89 -0.305
ZmBSK2.2 GRMZM2G026767_T03 1554 517 CassoHi00sN715075:S0s 57.7 7.56 ~0.424
ZmBSK2.3 GRMZM2G026767 T04 1134 377 C1916Ha000N1 5654 43.1 5.57 -0.348
ZmBSK3 GRMZM2G169080_T01 1518 505 CoussHigosNso 0145500 55.9 5.83 -0.309
ZmBSK4 GRMZM2G177445_T01 1476 491 CosoH175:N01 071681 542 6.63 -0.316
ZmBSK5. 1 GRMZM2G382104_T01 2376 791 CausHo1roN 110101121556 87.7 8.73 ~0.113
ZmBSKS.2 GRMZM2G382104_T02 1473 490 CoyoiH175 N0 0745855 55.1 5.48 ~0.406
ZmBSK5.3 GRMZM2G382104_T03 1473 490 CoyoiHi75N500174S55 55.1 5.48 ~0.406
ZmBSK6 GRMZM2G 164224 T01 1926 641 Cy160Hs0s1 Ngp1006sS s 72.5 6.11 ~0.453
ZmBSK7.1 GRMZM2G121826_T01 1476 491 CossHi79Ngs9Or20S1 54.4 6.26 -0.324
ZmBSK7.2 GRMZM2G121826_T02 879 292 C 3o HppoaNipOuseS11 32.0 5.58 ~0.374
ZmBSKS GRMZM2G054634_T01 1518 505 CausoHio0iNgs01746S05 56.0 5.94 -0.328
ZmBSK9 GRMZM2G127050_T01 1533 510 Cos16H104N710762S50 574 630 -0.550
HEH 4 5 L0 e 24 5 o7 55 WETEC IR ERKEH EA WS ABSKSHLIE %
ZmBSK]1 1 Chl/Mit/Nuc — 8 19 20 68.64

ZmBSK2.1 1 Chl/Nuc/Cyt — 4 14 3 —

ZmBSK2.2 1 Chl/Mit — 8 15 11 68.07

ZmBSK2.3 0 Chl/Cyt/Ext Y 6 15 13 —

ZmBSK3 1 Chl/Nuc/Cyt — 9 16 17 65.85

ZmBSK4 1 Chl/Mit/Nuc/Cyt — 9 16 21 72.82

ZmBSKS.1 5 Chl/Cyt — 16 32 15 79.14

ZmBSKS.2 0 Chl/Mit/Nuc/Cyt — 9 16 13 77.78

ZmBSKS.3 0 Chl/Mit/Nuc/Cyt — 9 16 13 77.78

ZmBSK6 0 Chl/Nuc/Cyt — 8 21 21 -

ZmBSK7.1 0 Chl/Mit/Nuc/Cyt — 9 16 20 73.17

ZmBSK7.2 0 Chl/Nuc/Cyt — 5 12 5 76.00

ZmBSKS 1 Chl/Mit/Nuc/Cyt — 9 17 11 66.20

ZmBSK9 0 Chl/Mit/Cyt — 8 15 12 68.40

Chl: &34 Mit: ZERi44; Nuc: 4 f#%; Cyt: 405 ; Ext: 04N, Y: A .
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Fig.2 Gene structure of ZmBSKs gene family
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Fig.3 Chromosomal distributions of ZmBSKs genes in the
maize genome
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Fig.4 The interaction network of ZmBSKs proteins domain
(JGI97572) with other proteins
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& T H AFJEEE, 7 5BIN2, BRIIFIGSKIH
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SK5 35l M IFAtBSK7JE TH R FEEH, 75
BRL3 B AE, 5 # (5 51812, ZmBSK6 57T
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HURE 25 K AH R, ComBE A IR R S5 M 2 k. Fer,
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e FEE TR 11 DL ZmBSKS. 145 3 e 45
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AtBSK8 = L5 M AHAUE I T0% LA F (3R 1),
7 ZmBSKsEREFIXER DT

I R AR 3B 51 504 53 Bt Zm BSK s 5% [
TEARIHE TR G BB R IL(E16), ZmBSKsH:[F
FIEMEA AT o3 a1 3 R AEAS R AL SURT R
G I AR A AR K HIHEAN [ R B N A ik
KPR, HITE KRR B B Rk e, K
B WRIEEAG HIVAERZ . . M. .
LA B fE AR A R, HARRIAE S .
8 BEIFMRKIFEIEE XN TS

RN RS P RIL ST K ERSA (S000390).
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sor 1)FIBZR1 (brassinazole resistant 1)L Az H 4 B
A1 (Ye452012; VertfliChory 2006; Yin%52005; He
2£2002; LifiNam 2002; Yin%52002), {#BES1fi
BZR1#%PP2A (protein phosphatase 2A)Z: R 1L,
B J5, 7 0E (IBESTMIBZR LT # £ 4 t%, 454
BR % N 7G4 5 2, T RUBRAE 5 38 ¥ (Tang %
2010), TREAERK K E . HETR TBSKsYgEmt
F2 W B AT, BREREED D, U
FOR B CAREY) TR iz S B N 1) D B 7t &
AR WARIE .

AHIE T IRTE K A TR H 7K ~F- 43 B8 BSK s &
DI, %55 1) 141 ZmBSKsfigide KL A, #55 A Nty i il
SERIRANClin TPRES R 38, 1X 540 R I% rh I BSK s Ak
[Rl 45 ¥4 — S (Tang%52008) . Hf 5¢ K I ZmBSK 5. 2411
ZmBSKS5. 35K P41 G510 S Rk 1% L 56 A A [,
UL R TR — N, R AR TR IR R 2 2
HEEREAE . (E15 —3R1 2, ZmBSK2.1. ZmB-
SKS5.1F1ZmBSK7.25 H A BSKs HE R AH ZE 80K, 4n
ZmBSK5. 1) it AKERK, R T &
B g AR e Bz £, JFH 508 I
BSK3. BSK4. BSK6. BSK7HIBSKS8J& 7 — V.41,
T AKZmBSKS A ReAHH T EIR LN S BSKs
RE, Bt)iEit, £ KbskSTASRT] GE 5L I
bsk3,4,7,8Fbsk3,4,6,7,8F124, 5l R A1,
ZmBSK2. IFE AN R T FE A KR E R, 5
AR S BSK IR, H Al ge 2 5PTIN R, ZmB-
SK7. 249t A 7 5 Fe e, R e sk M iesb, S5 IT
BSK9FIBSK101E[A— W40 P, HIhReRE . WA
b, RV DR SR 2 T v T 2 el ) R R Rk g X 2
S, (H R G8iEL EAHE M ZmBSKs 2 A 7E 4L 4R 2%
B R IE AR — B, LW R YE R A AT RE D) REAH
i, 1 HAFETUAR

W58 HR AT BAE S B0 A 3, ZmBSKsH [
gh R o] S MY PR A G E AE M, X 5 Shifk
(2013) & 40 g 7+ BSK 5 95 Ji ) HLAF 1 45 2R —
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W FOKHHIBRIE 5 31842 (Tang552008) . A
T e W, Jiti FIBL (brassinolide) nJ 1] 5 4 F 0] g
TN IRRAIAR A, R bsk3- 148 1 R AL,
T HLAE SN EE 77, BSK35BSKS BAg U4 (Tangss:
2008; Sreeramulu®$2013)., #H4 5 AtBSK8 =245
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SK5.3/ZmBSK7.1 M1ZmBSK 7.2 /& 15 e fE £ Kk h AT
fERUThRE, EFRN T I 4bAtBSK 1~8%
Al T-DNA B AWk R A 2 5 RAE R, bsk3,4,7,8
Hbsk3,4,6,7, 8RAME LI H > WA RSF L ity
2 il B IR A, — S R AR A R B 6 S
£ (Sreeramulu®52013), & ANE] FIBSKSTE LA
A TARAAE . L e] WL, EoK A ZmBSKs
RIfEA AR B AAEKEE M BIARIL, 1]
REE A AFE I T, MR BEAEAE I RETUAR -
Ja ST TCHE W T SR, ZmBSKsHE A 5
B B O AR DG T AR I AN R AR BE 4 AT
AUHNBRE HABE Y 2 SA. GA. Auxin,
JA. ET. ABAFICytokinintf E {F F#=4L T BEig 57
Fr(Hao%52013; JF B 5.562009), 1 yBRZ 5,
W AR T RMIREFECHHEE2012; s HidE
2008; Arora%2008; J& K552004; Z54E52002)15 35
Wi B AR T AR R . AR, BRIFR:
()00 T 7 I R e A2 ik SA T B B
NPR1 (nonexpressor of pathogenesis-related genes 1)
T 5 1, [ it P BR A S A B 18 5 25 22 | 4 4 i
81 (Hayat%£2012; DiviZ52010), FiRAF 50451048
—ERRRE E AT SR 1) oK ZmBSKs 5L A
B LK IR (SA) M EL(NaCl) 5 S A % o fF £
MR T E NG MR 2 LT,
ZmBSKsH R T Be7E FOKRA K R B Tl 55 oy i i Jo7
ok 4 H AR, (B R i — i .
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