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Abstract ; Late embryogenesis abundant ( LEA) proteins, a class of extremely hydrophilic proteins which were
first identified in plant embryogenesis, were also found in vegetative tissues. They play important roles in plant des-
iccation tolerance. In this study, a genome — wide search was carried out to identify LEA genes in castor bean ( Ric-
inus communis L. ), a Euphorbiaceae plant that is well known for its plasticity to unfavorable environments. As a
result, a total of 27 RcLEAs representing 8 groups were identified, 3 of which were found to have alternative spli-
cing isoforms. Based on protein characteristics and phylogenesis, the 27 RcLEAs contained O to 2 introns and dis-
tributed across 24 released scaffolds, and were named as ReLEA1 —1 and -2, RcLEA2 —1 and -2, RcLEA3 -1
to =3, ReLEA4 -1 to —=7, RcLEAS —1 and -2, RcLEA6 —1 and -2, RcLEA7 -1 to -5 and RcLEAS -1 to
4. Using the BLAT method, all RcLEA genes were expressed in at least one of the examined tissues such as leaf,
flower, endosperm_II_IIT, endosperm_V_VI and seed. Their promoters enriched stress — responsive cis — acting el-
ements including LTRE, ABRE, MYC, MYB and W - box.
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Table 1 List of LEA genes identified from castor bean

AR
- R R R cDNA ORF  HN&T EST Scaffold %= ;{t*’ﬁ-&
am Phytozome ID Phytozome description ORF/bp /bp Intron - Scaffold ID s[?lrir(zcilnge
LEA 1 29709. m001231 Conserved hypothetical protein 315 392 1 1 scf1106159298126
- 29827. m002548 Conserved hypothetical protein 375 471 1 1 scf1106159300308
30174. m008670 Late embryogenesis abundant 456 978 1 6 scfl106159290416
LEA 2 protein Leal4 — A, putative Y
— . es
28266. m000192 Late embryogenesis abundant 942 1589 1 4 scfl106159309564
protein Leal4 — A, putative
29308. m000187 Conserved hypothetical protein 276 358 1 0 scf1106159302826
29726. m004064 Late embryogenesis abundant 294 436 1 15 scf1106159301046
LEA_3 protein Lea5 , putative Yes
29986. moo1632  ndole =3 —acetic acid ~ induced 288 288 0 38 scfl106159292744
protein ARG2 | putative
29634. m002127 Late embryogenesis 1350 1950 2 3 scfl106159300426
abundant, putative
29815. m000495 Late embryogenesis 1221 1507 2 44 scf1106159295146
abundant, putative
29889. m003401 Late embryogenesis 717 841 1 5 scfl106159297646
abundant, putative
LEA_4 Late embryogenesis
30190. m011335 ’ . 798 990 1 9 scf1106159293958
abundant, putative
29841. m002806 Late embryogenesis 393 608 1 2 scfl106159304484
abundant protein D —7, putative
29646. m001088 Conserved hypothetical protein 1 677 2 494 1 16 scf1106159291412
30074. m001413 Conserved hypothetical protein 1485 1818 1 0 scf1106159305650
29601. m000448 Late seed maturation 339 429 1 5 scfl106159292012
protein P8B6, putative
LEA_S Embryonic abundant
29814. m000729 . . 285 453 1 0 scf1106159306036
protein, putative
LEA 6 29172. m000221 Conserved hypothetical protein 291 291 0 0 scf1106159307590
- 29804. m001543 Conserved hypothetical protein 243 243 0 0 scf1106159302598
30072. m000963 Conserved hypothetical protein 291 291 0 scf1106159303528
30170. m014323 Phosphoprotein ECPP44 | putative 693 820 1 18 scf1106159304512
dehydrin ~ 30131. m007082 Late embryogenesis 570 810 1 11 scfl106159298566 Yes
abundant protein, putative
29634. m002070 Dehydrin Xero, putative 450 621 1 3 scf1106159300426
29634. m002071 Dehydrin Xero, putative 441 533 1 0 5¢f1106159300426
30128. mo0s6as -t embryogenesis abundant 729 1003 2 0 scfl106159305188
protein D —34 | putative
29844. m003281 Late embryogenesis abundant 795 1055 2 2 scfl1106159296318
protein D —34 | putative
SMP Late embryogenesis abundant
29647. m002057 MbTyogenesis . 774 882 1 7 scf1106159296320
protein D —34 | putative
29647. m002058 Late embryogenesis abundant 771 945 2 3 sefl106159296320

protein D —34 | putative

MEER I3 A1 R T, 3 SE P A T 24 5% scaf-
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29804. m001543 29634. m002071 FiI 30128. m008646
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V8 & A2 H A X A, A 16 4, B LOC _
0506202040 (2 ), LOC _ 0s01g21250 (3 ). LOC _
0503207180 (2) . LOC _ 0s05g28210 (2 ). LOC _
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Table 2 Biochemical features of castor bean LEAPs
ERATERS AR R Mw 0 ool o B\ JF A KR
Phytozome 1D Name Len  /kDa TAIR ID of AtLEA ortholog  TIGR ID of OsLEA ortholog
29709. m001231  RcLEAL -1 124 13.48 10.05 -0.891 other AT1G32560 LOC_0s06202040
29827. m002548  RcLEAI -2 104 11.22 7.93 -0.628 other AT1G32560 LOC_0s06202040
30174. m008670  RcLEA2 -1 151  16.62 4.87 -0.084 other AT1G01470 LOC_0s01g12580
28266. m000192  RcLEA2 -2 313 34.71 4.64 -0.341 other AT2G44060 LOC_0s0362620
29308. m000187  RcLEA3 -1 91 10.55 9.00 -0.436 mitochondrion AT3G53770 LOC_0s01g21250
29726. m004064  RcLEA3 -2 97 10.57 9.35 -0.338 secreted AT4G15910 LOC_0s01g21250
29986. m001632  RcLEA3 -3 95 9.95 10.16 -0.206 mitochondrion AT4G02380 LOC_0s01g21250
29634. m002127  RcLEA4 -1 449  48.52 4.83 -0.828 secreted AT4G36600 LOC_0s03207180
29815.m000495  RcLEA4 -2 406 44.48 5.34 -1.322 other AT2G36640 LOC_0s03220680
29889. m003401  RcLEA4 -3 238 26.90 5.35 -1.260 secreted AT2G18340 LOC_0s03g07180
30190. m011335  RcLEA4 -4 265 29.09 6.95 -1.191 mitochondrion AT4G21020 LOC_0s04¢52110
29841.m002806  RcLEA4 -5 130 14.43 7.91 -1.558 other AT1G52690 LOC_0s05246480
29646. m001088  RcLEA4 -6 558 60.64 5.89 -1.141 other AT2G42560 LOC_0s02g15250
30074. m001413  RcLEA4 -7 494 54.11 7.68 -0.409 secreted AT1G72100 LOC_Os11g44940
29601. m000448  RcLEAS -1 112 12.10 5.80 -1.316 other AT2G40170 LOC_0s05228210
29814.m000729  RcLEAS -2 94 10.23  5.25 -1.433 other AT2G40170 LOC_0s05¢28210
29172. m000221  RcLEA6 -1 96 10.60 5.36 -1.215 other AT2G33690 LOC_0s09230418
29804. m001543  RcLEA6 -2 80 8.67 6.72 -1.107 othe AT2G33690 LOC_0s09230418
30072. m000963  RcLEA7 -1 96 10.91 6.64 -2.000 other AT1G54410 LOC_0s03245280
30170. m014323  RcLEA7 -2 230 26.02 5.25 -1.565 other AT1G20450 LOC_0s02g44870
30131. m007082  RcLEA7 -3 189 20.33 5.88 -1.161 other AT2G21490 LOC_0s01g50700
29634. m002070  RcLEA7 -4 149  16.72 7.25 -1.608 other AT3G50980 LOC_0s01g50700
29634. m002071  RcLEA7 -5 146 16.03 8.74 -1.384 other AT3G50980 LOC_0s01g50700
30128. m008646  RcLEAS -1 242 25.05 5.48 -0.453 other AT3G22490 LOC_0s01g50700
29844. m003281  RcLEAS -2 264 26.92 5.18 -0.272 other AT3G22490 LOC_0s01¢50700
29647. m002057  RcLEA8 -3 257  26.73 4.96 -0.437 other AT3G22490 LOC_0s01g50700
29647. m002058  RcLEAS -4 256  26.74 4.54 -0.364 other AT3G22500 LOC_0s01g50700
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Fig.1 Phylogenetic analysis of RcLEAs using MEGA 4.0
with pairwise distance and Neighbor — Joining algorithm
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Fig.2 Expression profiles of castor bean LEA genes in leaf,
flower, endosperm_II_III, endosperm_V_VI and seed
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Table 3 Distribution of cis — acting elements in castor bean LEA gene promoters

inl&c LTRE ABRE MYC MYB W — box (;inwe LTRE ABRE MYC MYB W - box
ReLEAL -1 0 0 4 0 6 ReLEAS -1 0 1 20 1 5
RcLEA1 -2 0 2 16 2 6 ReLEAS -2 0 4 10 2 6
RcLEA2 -1 0 3 10 1 6 RcLEA6 -1 0 2 4 1 6
ReLEA2 -2 0 0 10 2 3 RcLEA6 -2 0 0 12 0 3
RcLEA3 -1 0 0 4 1 8 ReLEAT -1 1 3 12 1 4
RcLEA3 -2 1 5 10 0 4 RcLEAT -2 4 6 10 0 7
RcLEA3 -3 0 1 3 3 RcLEAT -3 0 4 14 1 6
ReLEA4 -1 0 4 1 2 RcLEAT -4 0 4 4 1 1
RcLEA4 -2 1 1 2 7 RecLEAT -5 0 4 4 1 1
RcLEA4 -3 1 6 18 1 3 RcLEA8 -1 0 3 6 0 4
ReLEA4 -4 1 2 8 0 4 RcLEAS -2 1 3 8 1 7
RcLEA4 -5 3 3 16 2 7 RecLEAS -3 0 2 20 1 3
RcLEA4 -6 1 5 14 0 5 RecLEAS -4 0 2 12 0 2
RcLEA4 -7 0 4 2 3 2
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