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Identification and analysis of the TALE transcription factor
family in radish

ZHAO Wei, LI Xixiang, WANG Haiping, JIA Huixia, SONG Jiangping, YANG Wenlong,
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and Flowers, Chinese Academy of Agriculture Sciences, Beijing 100081, China

Abstract: Three-amino acid loop extension (TALE) transcription factors play important roles in plant
growth and cell differentiation. There are plenty of studies on TALE transcription factors in several model
plants,but not in radish (Raphanus sativas). A genome-wide bioinformatics analysis identified 33 TALE
family genes in the Xiang-Ya-Bai (XYB) radish, These genes,are distributed on nine chromosomes and all
contain 4-6 exons. The 33 TALE genes in radish showed a co-linearity relationship with the 17 homologous
genes in Arabidopsis thaliana. Moreover, a large number of stress response cis-elements were found in the
promoter regions of these genes. Expression analysis showed that four genes in the BELL subfamily were
highly expressed in roots, and two genes in the KNOX subfamily were highly expressed in shoots of
bolting plants and callus. All radish TALE genes contain sequences encoding the conserved HOX domain,
except for the gene RSA10037940, which is homologous to Arabidopsis KNATM. The deduced 3D
structures of the TALE proteins irrespective of subtypes are highly similar. All the encoded proteins were
weakly acidic and hydrophilic. The radish TALE gene family is relatively evolutionarily conserved, which
was consistent with results from Arabidopsis, but quite different from that of rice. This study provides
important clues for studying the biological functions of TALE transcription factors in radish.

Keywords: Raphanus sativus; TALE gene family; gene structure; evolutionary analysis; tissue expression
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Figure 1 The conserved domain of the TALE family protein in radish.
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Figure 2 Gene structure and conserved motif of the TALE family members in radish genome. (A)
Phylogenetic tree. (B) Gene structure. (C) Conserved motifs.
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Figure 4 Co-linearity of homologous genes in radish and Arabidopsis. The gray line represents the collinear
block between the radish genome and the Arabidopsis genome, and the red line represents the positions of

each TALE gene in the collinear block.
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Figure 5 Cis-acting element distribution in the promoters of the TALE genes.
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Figure 6 Expression of TALE genes in different tissues of radish.
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Figure 7 Expression of TALE genes in radish roots at different stages.
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Figure 8 3D structure of TALE family members in radish.
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Table 2 Members of TALE gene family in radish

Genes ID Domains Length Molecular Isoelectric Hydrophilic/  Sub-cellular Homologue  AtTALE

ofaa  weight point hydrophobicity localization of At names
property

Rsal0023553 POX, 469 53356.66 5.99 —0.94 nucl AT1G75410 BLH3
Homeobox KN

Rsal0030646 POX, 499 56 885.91 6.73 —0.93 nucl AT1G75410 BLH3
Homeobox KN

Rsal0034188 POX, 506 57 467.43 6.48 -0.92 nucl AT1G75410 BLH3
Homeobox KN

Rsal0038304 POX, 496 56 562.60 6.14 —-0.89 nucl AT1G19700 BEL10
Homeobox KN

Rsal0040799 POX, 467 53 156.16 6.66 —0.86 nucl AT1G19700 BEL10
Homeobox KN

Rsal0035441 POX, 594 67 209.75 6.67 —0.82 nucl AT5G41410 BELI1
Homeobox_ KN

Rsal0026944 POX, 669 73 940.62  6.66 —0.76 nucl AT4G36870 BLH2
Homeobox KN

Rsal0038773 POX, 663 7324731 6.87 —0.75 nucl AT2G35940 BLHI1
Homeobox KN

Rsal0026407 POX, 638 70 026.40 6.46 -0.71 nucl AT4G36870 BLH2
Homeobox KN

Rsal0020487 POX, 674 73 376.10 6.44 -0.71 nucl AT2G35940 BLHI1
Homeobox KN

Rsal0037168 POX, 533 59793.70 5.85 -0.70 nucl AT4G34610 BLHG6
Homeobox KN

Rsal0017083 POX, 668 73 084.08 6.63 —0.67 nucl AT2G35940 BLHI1
Homeobox_ KN

Rsal0041765 POX, 450 50 063.97 5.92 —0.59 nucl AT2G16400 BLH7
Homeobox KN

Rsal0002437 POX, 462 52582.17 6.23 —0.58 nucl AT4G32980 ATHI
Homeobox KN

Rsal0007991 POX, 580 62 454.19 17.41 —0.48 nucl AT5G02030 BLH9
Homeobox KN

Rsal0008744 POX, 564 60716.34 6.91 —0.43 nucl AT5G02030 BLH9
Homeobox KN

Rsal0034187 POX, 290 33001.48 5.67 —0.34 nucl AT1G75430 BLHI1
Homeobox KN

Rsal0037078 POX superfamily, 452 51 406.73 5.99 —0.53 nucl AT4G32980 ATHI
Homeobox_ KN

Rsal0002699 POX superfamily, 644 71 141.55 7.17 —0.80 nucl AT2G23760 BLH4
Homeobox KN

Rsal0023144 POX superfamily, 564 62 102.09 6.15 -0.80 nucl AT2G23760 BLH4
Homeobox KN

Rsal0020180 POX superfamily, 394 44 164.97 8.59 —0.54 nucl AT2G27220 BLHS5
Homeobox KN

Rsal0021426 KNOXI, 389 44 852.90 6.09 -1.06 nucl AT4G08150 KNAT1
KNOX2, ELK,
Homeobox KN

Rsal0036281 KNOX2 173 19 854.21 6.45 -0.98 nucl AT5G11060 KNAT4
superfamily, ELK,
Homeobox_ KN

Rsal0025037 KNOXI, KNOX2, 396 4475473  6.29 —0.80 nucl AT5G11060  KNAT4
ELK,
Homeobox KN
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(Zi# 2)
Genes ID Domains Length Molecular Isoelectric Hydrophilic/  Sub-cellular Homologue  AtTALE
ofaa  weight point hydrophobicity localization of At names
property
Rsal0037047 KNOXI, KNOX2, 372 42 046.88 5.95 —0.78 nucl AT4G32040  KNATS5
ELK,
Homeobox KN
Rsal0033559 KNOXI, KNOX2, 284 3227755  6.13 —0.67 nucl AT1G62360  STM
ELK,
Homeobox KN
Rsal0019760 KNOXI, KNOX2, 305 33869.99 5.69 —0.64 nucl AT5G25220  KNAT3
ELK,
Homeobox KN
Rsal0008122 KNOXI, KNOX2, 326 36911.22  4.86 —0.64 nucl ATIG70510  KNAT1
ELK,
Homeobox KN
Rsal0033302 KNOXI, KNOX2, 292 32865.06 6.10 —0.61 nucl ATI1G62990  KNAT7
Homeobox KN
Rsal0033513 KNOXI, KNOX2, 291 3301445 6.27 —0.56 nucl ATI1G62990  KNAT7
Homeobox KN
Rsal0040100 KNOXI, KNOX2, 330 36914.56  4.89 —-0.53 nucl ATI1G23380  KNAT6
ELK,
Homeobox KN
Rsal0019161 KNOXI, KNOX2, 995 110 116.70 5.23 -0.14 nucl AT4G32040  KNATS5
Homeobox KN,
Neurochondrin
Rsal0037940 KNOX2 139 15868.86  4.82 -0.59 nucl ATIG14760  KNATM
superfamily
Class VI
B
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Class IV
Class V
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Figure 9 Phylogenetic tree of TALE transcription factors from different species. At: Arabidopsis thaliana;
Rsa: Raphanus sativus; CCG: Populus euphratica; LOC: Oryza sativa.
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