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Supplemental Figure 1: Vegetative growth phenotype of 28-day old cek4-1/+ mutant. (A-D)
Overview (A,B) and detached rosette leaves (C,D) of the wild type (WT) Col-0 (A,C) and
cek4-1/+ mutant (B,D). (E) Flowering time of cek4-1/+ and wild type Col-0. n=32, Error bars
are SD, Bars, 1 cm.
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Supplemental Figure 2: Expression of CEK4 in mature seeds by histochemical GUS
staining of ProCEK4:CEK4-GUS cek4-1/-. (A) Mature seed of ProCEK4:CEK4-GUS cek4-1/-
showing GUS stain in embryos and the chalazal region. A box indicates the region magnified
in (B). (B) Magnified image of (A) indicating the aleurone layer (red arrow) stained with GUS.
(C) The embryo separated from the testa showing GUS stain in the endosperm region. (D)

The aleurone layer separated from the seed coat. Bars in panels A, B and C, 100 um; D, 50
um.
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Supplemental Figure 3: Annealing position of primers used for genotyping in Fig. 4J. The
diagrams show structure of plasmid vectors constructed in this work. Black box, exon; gray
box, intron; white box, other sequences; line, plasmid vector sequence; arrows, annealing
position of the primers. CDS, protein coding sequences; ORF, open reading frame; Pro,
promoter.
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Supplemental Table 1: The Arabidopsis CEK gene family.

Name Gene locus Amino acid Molecular mass (Da) ™
CEK1 Atlg71697 346 40,016 0
CEK2  Atlg74320 350 41,016 0
CEK3  At4g09760 346 40,350 0
CEK4  At2g26830 374 42,859 0

TMD, transmembrane domain
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Supplemental Table 2: Polar glycerolipid composition (mol%) of the fourteen-day-old
seedlings of homozygous cek1-1, cek2-1 and cek3-1 mutants and the wild type (WT)
Col-0 and Col-8 as controls.

cekl-1 cek2-1 cek3-1 WT (Col-0) WT (Col-8)
MGDG 350 + 24 326 * 1.0 345 + 05 340 + 09 353 + 0.8
DGDG 151 + 15 165 + 2.2 132 + 25 140 + 24 162 + 13
PtdCho 222 + 11 229 + 14 244 + 26 243 + 23 215 + 1.1
PtdEtn 124 + 1.1 132 + 11 149 + 21 126 + 1.2 128 + 0.9
PtdGro 95 + 07 88 + 11 79 + 26 94 + 07 92 + 03
PtdIno 58 + 09 61 £ 07 52 + 09 57 + 04 51 %= 0.1

Data are mean+SD from 3 biological replicates.
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Supplemental Table 3: Fatty acid composition (mol%) of the polar glycerolipid classes
in fourteen-day-old seedlings of cekl1-1, cek2-1, cek3-1 and the wild types (WTs) Col-0
and Col-8.

cekl1-1 cek2-1 cek3-1 WT (Col-8) WT (Col-0)
MGDG
16:0 352+ 1.74 3.43 + 067 3.46 + 0.64 265+ 078 264+ 071
16:1 111+ 027 099+ 050 087+ 0.04 136 £ 0.51 1.15 + 0.17
16:2 217 £ 030 232+ 039 219 £ 0.62 251+ 068 253+ 038
16:3 2880+ 1.66 27.11+ 469 2525+ 227 2891+ 254 2859+ 3.11
180 081+ 043 0.86+ 010 083+ 036 076+ 036 061+ 0.1
18:1 0.72 + 0.18 0.88 + 0.17 1.45 + 0.80 095+ 0.71 1.06 + 0.52
18:2 2.88 £+ 044 3.80 + 133 513+ 2.86 3.68+ 1.25 424 + 1.86
183 5999 + 229 6061+ 395 6083+ 1.68 59.18+ 1.73 59.19 + 0.62
DGDG
16:0 1587 + 245 1415+ 295 1377 £+ 291 1431+ 031 1356+ 1.14
16:1 082+ 031 1.02 £ 0.60 1.07 £ 0.78 1.17 £ 0.65 131+ 0.23
16:2 3.10 £ 0.68 333+ 0.80 3.18 + 0.75 3.02'+ 113 3.02 + 034
16:3 252 + 047 223+ 073 222 + 058 2.50 £ 0.21 236 £ 0.74
18:0 171 + 0.54 1.82 £+ 0.07 204 £ 063 1.85 + 0.54 1.47 £ 0.63
18:1 130 £+ 0.42 142 + 011 1.68 + 0.57 1.08 £ 0.29 1.97 + 093
18:2 5.76 £ 0.55 6.12 + 122 535+ 1.30 6.27 + 061 5.50 + 0.34
18:3 6892+ 426 6991+ 380 7069+ 465 69.81+ 156 70.81+ 271
PtdCho
16:0 2279+ 059 2022+ 280 1956 + 3.05 2094+ 228 1991 + 0.85
16:1 091 + 0.30 1.11 + 011 0.96 + 0.30 1.16 + 0.32 1.25 + 0.27
16:2 204 £ 056 2.15 + 0.50 1.84 £+ 0.66 1.58 + 0.54 161 + 0.57
16:3 000+ 0.00 000+ 000 0.00% 000 000+ 000 0.00z 0.00
18:0 238 £ 055 2.00 + 0.12 209 £ 0.16 2.14 + 039 217 + 052
181 574+ 110 552+ 034 527+ 128 518+ 136 686 144
182 3531+ 043 3554+ 145 3709+ 1.05 37.85% 211 37.89+ 211
183 3060+ 1.62 3318+ 141 3281+ 1.87 3097+ 0.99 30.06 + 3.45
PtdEtn
16:0 3019 + 1.74 2753+ 212 2765+ 238 29.01% 127 2740+ 219
16:1 1.95 + 0.92 1.97 + 022 1.82 + 0.03 1.89 + 0.15 229 + 051
16:2 335+ 1.00 3.43 + 050 2,50 £ 0.20 273+ 048 2.70 £ 0.76
16:3 000+ 000 000+ 000 0.00% 000 000+ 000 000z 0.00
180 285+ 056 227 + 027 279 + 055 262+ 065 229+ 043
181 462+ 061 468+ 065 522+ 167 370% 051 521+ 1.04
182 3734+ 172 3766+ 151 3805+ 135 3895+ 120 39.13+ 203
183 1970+ 135 2246+ 201 2197 + 193 2111+ 069 2098+ 031
PtdGro
16:0 2720+ 3.72 2733+ 225 2532+ 059 2582+ 3.80 2492+ 210
16:1 3251+ 256 27.86+ 115 2829 + 3.96 31.89% 505 30.08+ 2.66
16:2 419 + 139 5.06 + 136 452+ 237 4.00 + 043 3.80 + 1.01
16:3  0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
18:0 2,60 + 1.06 2.44 + 0.86 263 £ 082 240 + 1.00 224+ 043
181 405+ 094 494+ 084 554+ 172 451+ 054 511+ 1.00
18:2 6.71 £+ 0.24 7.97 + 056 8.69 + 2.12 8.27 + 0.88 8.69 + 1.49
18:3 2274+ 268 2439+ 381 2501# 213 2310+ 082 25162 1.99
PtdIno
16:0 4811+ 3.27 4451+ 377 4221+ 331 4797 + 145 4491+ 334
16:1 2.70 £+ 0.92 241 + 042 227 + 0.72 277 £ 024 2.58 + 0.20
16:2 7.03 £ 277 8.18 + 2.23 6.11 + 1.88 6.10 + 0.96 6.17 + 161
16:3 000+ 000 000+ 000 0.00% 000 000t 000 0.00z 0.00
18:0 353 + 077 413 + 0.88 361+ 1.81 414 + 1.96 495+ 191
181 259+ 0.90 298 + 046 384+ 136 224+ 042 3.00 + 1.06
182 1948 + 094 1961+ 190 2307 + 0.55 19.80+ 126 2131+ 0.28

183 1561+ 1.82 16.89+ 259 1785+ 234 1620+ 188 16.27 + 2.15

Data are mean+SD from 3 biological replicates.
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Supplemental Table 4: Levels of TAG and DAG (ug/mg dry weight) in mature siliques
of homozygous cekl-1, cek2-1 and cek3-1 mutants and the wild type (WT) Col-8.

TAG DAG
cekl-1 7097 + 1271  1.05 + 0.16
cek2-1 64.34 + 10.07 0095 + 0.17
cek3-1 7755 + 5.11 1.15 + 0.04
WT (Col-8) 66.51 + 5.72 094 + 0.28

Data are mean+SD from 3 biological replicates.
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Supplemental Table 5: Fatty acid composition (mol%) of TAG in mature siliques of
cekl-1, cek2-1, cek3-1 and the wild type (WT) Col-8.

TAG cekl-1 cek2-1 cek3-1 WT (Col-8)
16:0 9.63 + 033 949 + 006 952 + 004 953 + 0.17
16:1 056 + 0.17 055 + 019 052 + 019 055 = 0.17
16:2 0.10 + 0.01 010 = 0.01 009 + 001 0.09 £ 0.00
16:3 0.05 + 0.00 0.05 * 001 005 = 000 0.05 = 0.00
18:0 270 + 022 257 £+ 002 264 + 014 269 + 0.33
18:1 16.83 + 230 1472 + 0.14 1461 + 119 16.63 + 3.02
18:2 3444 + 0.71 3350 + 0.29 3430 %+ 0.34 3357 = 111
18:3 1548 + 199 1791 + 136 16.00 + 1.02 16.14 = 3.61
20:0 151 + 098 099 + 105 224 + 0.07 146 + 1.08
20:1 16.78 + 1.28 18.03 + 0.22 1796 + 0.76 1736 + 1.72
20:2 1.70 + 022 188 + 006 186 + 0.06 1.71 = 0.30
22:1 0.23 + 0.03 0.22 +* 004 020 = 0.03 021 + 0.04

Data are meanzSD from 3 biological replicates.
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Supplemental Table 6: Amounts of polar glycerolipid classes (ug/mg dry weight) in
young siligues and mature siliques of cek4-1/+ and wild type (WT) Col-8.

Young siliques Mature siliques
WT (Col-8) cek4-1/+ WT (Col-8) cek4-1/+
MGDG 10.7 + 21 99 = 0.9 133 + 09 127 £ 0.1
DGDG 75 + 04 91 £ 23 102 £+ 1.1 117 £ 05
PtdCho 405 + 1.2 399 + 33 369 + 21 359 = 24
PtdEtn 16.1 + 09 172 = 1.8 181 + 04 175 £ 05
PtdGro 20 + 09 21 £ 05 1.0 £+ 04 16 = 0.2
Ptdino 233 * 0.8 220 + 21 204 + 0.3 206 + 1.3

Data are mean+SD from 3 biological replicates.
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Supplemental Table 7: Fatty acid composition (mol%) of the polar glycerolipid classes
in seedlings of Pro35S:CEKA4 line 9 and the wild type (WT) Col-0.

Pro35S:CEK4 #9 WT (Col-0) Pro35S:CEK4 #9 WT (Col-0)
MGDG PtdEtn
16:0 1.72 £+ 039 182 + 0.12 16:0 3233 + 1.59 3096 % 0.50
16:1 197 = 026 164 + 0.37 16:1 0.00 £+ 0.00 239 = 213
16:2 202 + 010 198 * 0.06 16:2 0.86 + 0.75 0.74 + 0.64
16:3 3255 + 048 3245 + 0.40 16:3 0.00 + 0.00 0.00 = 0.00
18:0 0.00 £+ 0.00 0.00 = 0.00 18:0 1.84 + 048 262 + 0.71
18:1 1.13 + 002 113 + 0.11 18:1 358 + 056 396 + 0.30
18:2 223 + 034 232 * 0.15 18:2 36.57 + 132 3636 * 1.84
18:3 5831 + 0.49 58.61 + 0.39 18:3 24.82 * 0.81 2298 * 194
DGDG PtdGro
16:0 1271 + 0.19 1335 + 1.23 16:0 33.26 £ 0.90 32.25 + 1.39
16:1 1.17 £ 106 1.09 £+ 0.99 16:1 2430 + 247 2468 * 1.26
16:2 144 + 0.10 132 + 0.23 16:2 0.62 + 054 116 + 0.23
16:3 255 + 033 278 + 0.45 16:3 0.00 £+ 0.00 0.00 = 0.00
18:0 097 + 0.09 1.03 + 0.32 18:0 0.76 + 067 157 + 0.37
18:1 0.65 + 061 0.69 = 0.35 18:1 562 + 088 567 * 0.52
18:2 370 £+ 035 369 + 0.18 18:2 6.85 + 087 7.21 + 0.23
18:3 76.81 + 059 76.04 + 1.15 18:3 2859 + 0.25 27.46 + 1.21
PtdCho PtdIno
16:0 2197 + 1.02 21.15 + 0.92 16:0 4998 + 1.66 4882 * 0.76
16:1 0.00 + 0.00 0.81 + 1.40 16:1 577 + 031 582 + 197
16:2 071 + 020 0.80 + 0.23 16:2 301 + 079 248 + 0.55
16:3 0.00 £+ 0.00 0.00 = 0.00 16:3 0.00 £+ 0.00 0.00 = 0.00
18:0 1.79 =+ 0.07 198 + 0.07 18:0 339 + 1.10 3,69 * 0.52
18:1 824 + 0.16 8.11 + 0.16 18:1 354 + 087 130 + 1.12
18:2 37.20 + 0.66 3755 + 0.87 18:2 1937 + 0.70 20.38 % 0.40
18:3 30.09 + 0.29 29.60 = 1.00 18:3 1495 £+ 0.71 17.18 %+ 1.01

Data are meanzSD from 3 biological replicates.
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Supplemental Table 8: Fatty acid composition (mol%) of the polar glycerolipid classes
in young siliques of Pro35S:CEKA4 line 9 and the wild type (WT) Col-8.

Pro35S:CEK4 #9 WT (Col-8) Pro35S:CEK4 #9 WT (Col-8)
MGDG PtdEtn
16:0 1589 + 1.08 1552 + 1.76 16:0 2864 = 3.60 27.04 + 0.29
16:1 552 + 0.89 486 + 0.92 16:1 355 + 093 273 + 0.79
16:2 738 + 273 838 + 1.53 16:2 355 + 0.67 456 + 0.87
16:3 7.88 + 1.18 7.42 + 0.27 16:3 0.00 + 0.00 0.00 += 0.00
18:0 6.25 + 157 6.21 + 094 18:0 416 + 048 4,59 + 0.44
18:1 431 + 1.02 454 + 043 18:1 399 + 030 342 + 0.32
18:2 1432 + 1.39 1422 + 1.80 18:2 4582 + 2.87 4691 + 222
18:3 3845 + 405 3884 + 2381 18:3 1030 + 1.07 10.76 + 0.57
DGDG PtdGro
16:0 1881 + 221 1859 + 1.24 16:0 3217 + 132 3152 + 1.99
16:1 452 + 200 4.67 + 212 16:1 15.71 + 455 1365 + 3.95
16:2 777 + 194 839 + 1.47 16:2 2734 + 6.17 27.08 + 3.97
16:3 1.05 £ 0.26 0.32 £+ 0.56 16:3 0.00 £+ 0.00 0.00 = 0.00
18:0 560 + 148 6.48 + 0.54 180 1265 + 0.65 1431 + 2.05
18:1 3.27 + 041 3.10 = 0.64 18:1 735 + 3.24 870 + 3.27
18:2 1354 + 142 1393 + 0.96 18:2 478 + 1.21 474 + 2.08
18:3 4545 + 486 4453 + 3.22 18:3 0.00 £+ 0.00 0.00 = 0.00
PtdCho PtdIno
16:0 19.27 £+ 0.89 1947 + 0.69 16:0 4289 = 247 4090 + 1.10
16:1 136 + 031 086 + 0.85 16:1 146 + 1.27 2.25 + 0.93
16:2 1.72 £+ 045 2.01 + 0.32 16:2 293 + 046 373 + 043
16:3 0.00 + 0.00 0.00 + 0.00 16:3 0.00 + 0.00 0.00 += 0.00
18:0 339 + 0.30 3,51 £+ 0.12 18:0 540 + 039 594 + 024
18:1 458 + 0.43 5.07 + 0.53 18:1 247 + 083 305 * 0.38
18:2 57.17 + 0.63 56.70 + 1.58 18:2 30.86 = 1.68 30.61 + 0.79
18:3 1252 + 042 1238 + 0.11 18:3 1399 + 0.87 1353 + 0.14

Data are mean+SD from 3 biological replicates.
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Supplemental Table 9: Fatty acid composition (mol %) of the polar glycerolipid classes

in mature siliqgues of Pro35S:CEK4 line 9 and the wild type (WT) Col-8.

Pro35S:CEK4 #9 WT (Col-8) Pro35S:CEK4#9  WT (Col-8)
MGDG PtdEtn
16:0 441 + 0.39 506 + 0.65 16:0 2630 * 1.25 26.74 + 0.14
16:1 231 + 0.65 338 + 1.26 16:1 1.72 £+ 037 219 = 0.70
16:2 3.04 + 037 375 = 0.8 16:2 182 + 030 196 + 0.03
16:3 15.26 + 1.74 15.06 * 0.80 16:3 000 * 0.00 0.00 += 0.00
18:0 1.34 + 045 1.03 + 0.26 180 295 + 030 230 = 0.06
18:1 204 + 052 239 £ 0.26 18:1 400 + 0.67 336 = 0.12
18:2 9.25 + 1.02 9.22 + 0.62 18:2 4271 + 2.22 46.05 + 0.89
18:3 6235 + 1.03 60.12 + 1.43 18:3 2049 + 0.98 1739 + 1.46
DGDG PtdGro
16:0 1049 + 157 1225 + 1.23 16:0 4231 + 2.36 4349 + 2.50
16:1 207 + 082 286 = 1.78 16:1 15.10 + 2.02 1525 + 2.15
16:2 292 + 044 298 + 0.28 16:2 2556 + 1.16 2530 + 2.46
16:3 1.85 + 0.04 198 + 0.10 16:3 000 £ 0.00 0.00 += 0.00
18:0 265 + 105 254 + 0.57 18:0 1703 + 286 1596 + 294
18:1 241 + 039 235 = 0.20 1821 000 £+ 0.00 0.00 = 0.00
18:2 9.08 + 0.62 9.11 + 042 18:2 000 + 0.00 0.00 £ 0.00
18:3 6854 + 131 6593 * 3.69 18:3 000 £+ 0.00 0.00 = 0.00
PtdCho PtdIno
16:0 16.42 + 039 18.77 + 0.84 16:0 41.01 = 0.44 4205 + 194
16:1 1.28 + 0.22 1.19 + 0.50 16:1 1.23 £+ 0.63 1.29 + 0.03
16:2 0.88 + 0.06 1.13 + 0.09 16:2 172 + 0.07 2.08 + 0.40
16:3 0.00 + 0.00 0.00 = o0.00 16:3 000 £+ 0.00 0.00 = 0.00
18:0 234 + 0.08 218 + 0.14 180 367 £ 019 349 + 0.45
18:1 762 + 036 7.24 £+ 0.29 18:1 357 + 0.23 383 + 0.26
18:2 49.18 + 178 5099 + 1.44 18:2 32.19 + 0.62 3281 + 0.45
18:3 22.27 + 133 1850 + 1.21 18:3 1661 + 1.00 1445 + 1.28

Data are mean+SD from 3 biological replicates.
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Supplemental Table 10: Sequence of oligonucleotide primers used in this study.

No. Sequence (5'to 3")
YN533 CCCTCGAGAACAATGGCGATCAAGACAAAGACTAGTC
YN550 GCTACACGAAGATCATCTGCAGAAAGAG
YN748 GCGTGGACCGCTTGCTGCAACT
YN894 CCTCAGCTGTGGGTTGATATCTTGAAGTTC
YN895 GTATGATCCATACTCGAAATCAATCAAGTATAG
YN896 GTAAACCCCCCAAAGTAGTTGATATCTTGTTTG
YN1004 ACGATGGGTGGTACTGAAAAGAATGTAGAG
YN1005 CGTAATCTGTCCCAAAGCAAAGCC
YN1016 ATATTGACCATCATACTCATTGC
YN1164 CACCGCTGATGCATGCATGCTTCGTTGTTTATC
YN1219 CTGAAACAAGAACTGTATCAAACCGG
YN1295 GACTCCAAATTGGCTTATTCATCCTCC
YN1427 TACATCTCACCTCTCAGCATCGCTGCCTTTGGTTGGCCAAAATGGTTAAA
YN1429 CCAACTATTCAAGTGAAGGAGG
YN1442 CCGCTCGAGATGGGAGCAGCGAAGAATATCTGG
YN1443 CGGGATCCCTACAGCGATGCTGAGAGGTGAGAT
JLO04 ATGTTAGCAATCTATTCTTTGC
KKO08 ATTTTGCCGATTTCGGAAC
KK096 CCCGGCGCCATGGCCGCGGGATAT
KK097 CTGCAGGCGGCCGCACTAGTGATATC
KK098 CACTTCCTGATTATTGACCCACACTTTGCCG
KK104 GCGAAGCACTGCAGGCCGTAGCC
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