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Abstract: Members of the plant-specific WOX transcription factor family have been reported to play important

roles in cell to cell communication as well as other physiological and developmental processes. In this study, ten
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members of the WOX transcription factor family were identified in Solanum lycopersicum with HMMER. Neigh-
bor-joining phylogenetic tree, maximum-likelihood tree and Bayesian-inference tree were constructed and similar
topologies were shown using the protein sequences of the homeodomain. Phylogenetic study revealed that the 25
WOX family members from Arabidopsis and tomato fall into three clades and nine subfamilies. The patterns of ex-
on—intron structures and organization of conserved domains in Arabidopsis and tomato were consistent based on the
phylogenetic results. Transcriptome analysis showed that the expression patterns of SWOXs were different in differ-
ent tissue types. Gene Ontology (GO) analysis suggested that, as transcription factors, the SIWOX family mem-
bers could be involved in a number of biological processes including cell to cell communication and tissue develop-

ment. Our results are useful for future studies on WOX family members in tomato and other plant species.

Keywords: Solanum lycopersicum; bioinformatics analysis; WOX family
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Table2 Characteristics of the WOX transcription factor family in Solanum lycopersicum

(Da) (pD)
SIWUS Solyc02g083950.2.1 272 31031.1 6.35 2
SIWOX1 Solyc03g118770.2.1 393 44057.6 6.68 3
SIWOX2 Solyc06g076000.1.1 240 26840.0 8.61 1
SIWOX3a Solyc11g072790.1.1 209 24032.4 8.77 1
SIWOX3b Solyc11g072770.1.1 197 22760.1 9.40 0
SIWOX4 Solyc04g078650.2.1 242 27686.0 8.69 2
SIWOXS5 Solyc03g096300.2.1 158 18665.9 6.32 1
SIWOX9 Solyc02g077390.1.1 358 40145.4 7.02 2
SIWOX11 Solyc06g072890.1.1 264 29126.7 5.38 2
SIWOX13 Solyc02g082670.2.1 274 30745.3 5.53 2
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Fig. 2 Phylogenetic analysis of WOX family genesin S. lycopersicum
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Fig. 3 Maximum-Likelihood tree and gene structure of WOX family membersin S. lycopersicum
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Fig. 11 GO analysisof WOX transcription factor family membersin S. lycopersicum

WEGO

GO

Blast2GO
WOX

WOX
WOX

WOX

10

WOX

WOX

60

WOX

WOX

AtWUS

SIWUS

loop

SWOX3b

SWOX3a

WOX

SWOX

SWOX5

SJWuUs

WOX

SWOX13

SWOX11

IWOX1 SWOX4

WOX

WOX

SWOX3a

SWOX3b

WOX

SWOX3a

WOX



459

5 : WOX
SWOX3b 1cm 2 cm
SWOX13 7 d
SIWOX13
WOX
GO

WOX

£ 3% 3k (References):

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

van der Graaff E, Laux T, Rensing SA. The WUS hom-
eobox-containing (WOX) protein family. Genome Biol,
2009, 10(12): 248.

Zhang YZ, Jiao Y, Liu ZH, Zhu YX. ROW1 maintains
quiescent centre identity by confining WOXS5 expression
to specific cells. Nat Commun, 2015, 6: 6003.

Aichinger E, Kornet N, Friedrich T, Laux T. Plant
stem cell niches. Annu Rev Plant Biol, 2012, 63: 615-636.
Laux T, Mayer K, Berger J, Jurgens G. The WUSCHEL
gene is required for shoot and floral meristem integrity in
Arabidopsis. Development, 1996, 122(1): 87-96.

Wu JB, Song Y, Qiao R, Qiang Y, Wang GD. CLE peptide
signaling in balancing the maintenance and differentiation
of meristems. Chin Bull Life Sci, 2013, 25(4): 421-426.

, , , s .CLE

2013, 25(4): 421-426.

Clark SE. Cell signalling at the shoot meristem. Nat Rev
Mol Cell Bio, 2001, 2(4): 276-284.

Schoof H, Lenhard M, Haecker A, Mayer KFX, Jiirgens G,
Laux T. The stem cell population of Arabidopsis shoot
meristems is maintained by a regulatory loop between the
CLAVATA and WUSCHEL genes. Cell, 2000, 100(6):
635-644.

Gao XM, and Guo YF. CLE peptides in plants: proteolytic
processing, structure-activity relationship, and ligand-rec-
eptor interaction. J Integ Plant Biol, 2012, 54(10): 738-745.
Kong XP, Lu SC, Tian HY, Ding ZJ. WOXS5 is shining in
the root stem cell niche. Trends Plant Sci, 2015, 20(10):

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

601-603.
Aida M, Beis D, Heidstra R, Willemsen V, Blilou I,
Galinha C, Nussaume L, Noh YS, Amasino R, Scheres B. The
PLETHORA genes mediate patterning of the Arabidopsis
root stem cell niche. Cell, 2004, 119(1): 109-120.
Helariutta Y, Fukaki H, Wysocka-Diller J, Nakajima K,
Jung J, Sena G, Hauser MT, Benfey PN. The SHORT-
ROOT gene controls radial patterning of the Arabidopsis
root through radial signaling. Cell, 2000, 101(5): 555-567.
Sabatini S, Heidstra R, Wildwater M, Scheres B.
SCARECROW is involved in positioning the stem cell
niche in the Arabidopsis root meristem. Gene Dev, 2003,
17(3): 354-358.
Chen Q, Sun JQ, Zhai QZ, Zhou WK, Qi LL, Xu L, Wang
B, Chen R, Jiang HL, Qi J, Li XG, Palme K, Li CY.
The basic helix-loop-helix transcription factor MYC2
directly represses PLETHORA expression during jasmonate-
mediated modulation of the root stem cell niche in Arab-
idopsis. Plant Cell, 2011, 23(9): 3335-3352.
Wang AX, Chen XL. Current status and industrialization
of transgenic tomatoes. Hereditas (Beijing), 2011, 33(9):
962-974.
, 2011, 33(9): 962-974.
Liu YF, Wan HJ, Yang YJ, Wei YP, Li ZM, Ye QJ, Wang
RQ, Ruan MY, Yao ZP, Zhou GZ. Genome-wide identifi-
cation and analysis of heat shock protein 90 in tomato.
Hereditas (Beijing), 2014, 36(10): 1043-1052.
, , s . 90
, 2014, 36(10): 1043-1052.
Ding AM, Li L, Qu X, Sun TT, Chen YQ, Zong P, Li ZQ,
Gong DP, Sun YH. Genome-wide identification and bio-
informatic analysis of PPR gene family in tomato. Here-
ditas (Beijing), 2014, 36(1): 77-84.
PPR
,2014, 36(1): 77-84.
Sun TT, Wang DW, Gong DP, Chen L, Chen YQ, Sun YH.

s

Genome-wide identification and bioinformatic analysis of
B3 superfamily in tomato. J Plant Genetic Res, 2015,
16(4): 806-814.
B3

, 2015, 16(4): 806-814.



460

2  Hereditas (Beijing)

2016 38

[18]

[19]

[20]

(21]

(22]

(24]

(25]

[26]

Zhang Y, Yang SH, Song YJ, Wang JH. Genome-wide char-
acterization, expression and functional analysis of CLV3/
ESR gene family in tomato. BMC Genomics, 2014, 15: 827.
Wei ZR, Wang JH, Yang SH, Song YJ, Francki M.
Identification and expression analysis of the LRR-RLK
gene family in tomato (Solanum lycopersicum) Heinz
1706. Genome, 2015, 58(4): 121-134.

Zhang X, Zong J, Liu JH, Yin JY, Zhang DB. Genome-
wide analysis of WOX gene family in rice, sorghum, maize,
Arabidopsis and Poplar. J Integ Plant Biol, 2010, 52(11):
1016-1026.

Lian GB, Ding ZW, Wang Q, Zhang DB, Xu J. Origins and
evolution of WUSCHEL-related homeobox protein family in
plant kingdom. ScientificWorldJournal, 2014, 2014: 534140.
Hedman H, Zhu TQ, von Arnold S, Sohlberg J J. Analysis
of the WUSCHEL-RELATED HOMEOBOX gene family
in the conifer Picea abies reveals extensive conservation as
well as dynamic patterns. BMC Plant Biol, 2013, 13: 89.

Li L, Stoeckert CJ, Roos DS. Ortho MCL: identification of
ortholog groups for eukaryotic genomes. Genome Res,
2003, 13(9): 2178-2189.

Krzywinski M, Schein J, Birol I, Connors J, Gascoyn R,
Horsman D, Jones SJ, Marra MA. Circos: an information
aesthetic for comparative genomics. Genome Res, 2009,
19(9): 1639-1645.

Trapnell C, Pachter L, Salzberg SL. TopHat: discovering
splice junctions with RNA-Seq. Bioinformatics, 2009,
25(9): 1105-1111.

Huang SX, Gao YF, Liu JK, Peng XL, Niu XL, Fei ZJ,

[27]

(28]

[29]

[30]

[31]

[32]

Cao SQ, Liu YS. Genome-wide analysis of WRKY tran-
scription factors in Solanum lycopersicum. Mol Genet
Genomics, 2012, 287(6): 495-513.

Conesa A, Gotz S, Garcia-Goémez JM, Terol J, Talon M,
Robles M. Blast2GO: a universal tool for annotation,
visualization and analysis in functional genomics research.
Bioinformatics, 2005, 21(18): 3674-3676

Guindon S, Dufayard JF, Lefort V, Anisimova M, Hordijk
W, Gascuel O. New algorithms and methods to estimate
maximum-likelihood phylogenies: assessing the perfor-
mance of PhyML 3.0. Syst Biol, 2010, 59(3): 307-321.
Ronquist F, Teslenko M, van der Mark P, Ayres DL,
Darling A, Hohna S, Larget B, Liu L, Suchard MA,
Huelsenbeck JP. MrBayes 3.2: efficient Bayesian phylo-
genetic inference and model choice across a large model
space. Syst Biol, 2012, 61(3): 539-542.

Cannon SB, Mitra A, Baumgarten A, Young ND, May G.
The roles of segmental and tandem gene duplication in the
evolution of large gene families in Arabidopsis thaliana.
BMC Plant Biol, 2004, 4: 10.

Zhou Y, Liu X, Engstrom EM, Nimchuk ZL, Pruneda-Paz
JL, Tarr PT, Yan A, Kay SA, Meyerowitz EM. Control of
plant stem cell function by conserved interacting trans-
criptional regulators. Nature, 2015, 517(7534): 377-380.
Deveaux Y, Toffano-Nioche C, Claisse G, Thareau V,
Morin H, Laufs P, Moreau H, Kreis M, Lecharny A. Genes
of the most conserved WOX clade in plants affect root and
flower development in Arabidopsis. BMC Evol Biol, 2008,
8:291.

CUiE%RZE: FHR)



