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Molecular Evolutionary and Flowering Regulation Function Analysis of TOE
Genes in Soybean

LIU Jun, LI Hai-yang, HE Mi-lan, ZHANG Ting, LIU Bao-hui, ZHAO Xiao-hui
(School of Life Sciences, Guangzhou University , Guangzhou 510006 , China)

Abstract: In order to analyze the evolution of GmTOEs and its regulation on flowering function in soybean, to provide the
basis for functional analysis of GmTOEs and research on latitude adaptability of soybean, we used bioinformatics methods to
perform cluster analysis, sequence characterization analysis, chromosomal segment collinearity analysis and tissue specific
expression analysis of GmTOEs, predicted AP2 binding sites in the promoter regions of important flowering genes and verified
flowering times in different haplotypes of soybean. The results showed that 12 GmTOEs were retrieved from PlantTFDB
database, and GmTOE6b ( Glyma. 02G087400) was a newly discovered TOE gene in soybean. GmTOE6a and GmTOE6b had
only one AP2 domain, while the other GmTOEs had two AP2 domains. Six GmTOEs were clustered into the same group as the
Arabidopsis TOEI , two were clustered with Arabidopsis TOE2, four were clustered with Arabidopsis TOE3 and AP2. Each
GmTOEs had one miRI172 target site, and the target site sequence was highly consistent with AtTOEs. Chromosome segment
collinearity analysis showed that GmTOEs could be divided into three categories according to their origin, and six of them were
generated with the replication of soybean genome. Four of them originated before the speciation of soybean and shared a
common ancestor with AtTOEs. Two of them originated before the speciation of soybean and had no common ancestor with
AtTOEs. The important flowering regulation genes GmF12a and GmFT5a have multiple AP2 binding sites in their promoter,
and both GmTOE4b and GmTOESD can affect the flowering time of soybean. The results indicated that the 12 GmTOEs were
the most likely to be the target of miRI72. Although the amino acid composition of the protein encoded by them was very
similar, their evolutionary rules and tissue-specific expression were different, and they may have functional differentiation
during the evolutionary process. GmTOE4b and GmTOESbH may regulate the transcription of GmFT2a and GmFT5a by binding
to their cis acting elements on the promoters, to regulate flowering.
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Fig. 1 The phylogenetic tree and domain distribution of TOE homologs protein between

soybean and Arabidopsis
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Table 1 The essential information of GmTOEs
CDS K miRNAI72 B84 @AM H HEA T AP2 ZERG B E
JEH £ F5 JEP D o . o o
CDS length  miRNAI72 target site  Amino acid Molecular AP2 domain site
Gene name Gene ID pl
/bp /bp number/ aa weight/Da /aa
124 ~173
GmTOEla Glyma. 03G177500 1380 1229 ~ 1252 459 6.27 50271. 67
216 ~266
159 ~208
GmTOEIb Glyma. 19G178200 1485 1334 ~ 1357 494 7.73 54330. 34
251 ~301
176 ~225
GmTOE2a Glyma. 17G170300 1599 1502 ~ 1525 532 6.07 58862. 60
268 ~318
178 ~227
GmTOE2b Glyma. 05G091200 1602 1505 ~ 1528 533 6.05 59057. 72
270 ~320
153 ~193
GmTOE3a Glyma. 11G053800 1491 1397 ~ 1420 496 7.77 54211. 62
236 ~286
149 ~ 198
GmTOE3b Glyma. 01G188400 1509 1415 ~ 1438 502 8.11 55637. 49
241 ~291
136 ~ 185
GmTOE4a Glyma. 15G044400 1458 1232 ~ 1255 485 8.53 53752.01
228 ~278
136 ~ 185
GmTOE4b Glyma. 13G329700 1431 1250 ~ 1273 476 7.20 52685.74
228 ~278
156 ~205
GmTOESa Glyma. 12G073300 1482 1307 ~ 1330 493 7.09 54101.75
248 ~298
160 ~209
GmTOESD Glyma. U022100 1347 1199 ~ 1222 448 5.89 49126. 99
252 ~302
GmTOE6a Glyma. 10G116600 1242 1166 ~ 1189 413 9.11 45539. 20 156 ~205
GmTOE6D Glyma. 02G087400 1251 1175 ~1198 416 8.51 46347.22 161 ~210
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AtTOE3 164
AtAP2 199
GmTOE3b 218
GmTOE3a 213
GmTOE2b 247
GmTOEZa 245
GmTOESh LQPQNQNQTQTRTQTQQP ) Y 4F i 229
GmTOESa  LQPQN..QPQTQTQTQQPAKES \ W Y ) 225
GmTOE4b W K 205
GmTOE4a 205
AtTOE1 221
GmTOEla 193
GmTOE1b 228
AtTOE2 228
GmTOE 6b 230
GmTOE6a 225
AtSNZ 176
AtSNMZ 190
Consensus
AtTOE3 261
AtAP2 RA 299
GmTOE3b HRCGRWE ARMGQF LGKKYVYLGLFDTEIEAARA IRCNGKEAVTNFDPS I¥DGELNSESSGG. . VA 316
GmTOE3a HKCGRWE ARMGQF LGKKYVYLGLFDTEIEAAMRA IRCNGKEAVTNFDPSIYDSELNSESSGG. . VA 311
GmTOEZ2b HRCGRWEARMGQF LGKKYVYLGLFDTEIEAARA IRCNGKEAVTNFDPSIYDNELN.SESTG. .NA 344
GmTOE2a HKCGRWEARMGQFLGKKYVYLGLFDTEIEAMRA IRCNGKEAVTNFDPSIYNNELNTAESTG. .NA 343
GmTOESh HKCGRWE ARMGQF LGKKYIYLGLFDSEVEAMRA IKCNGREAVTNFEPSTYEGELKSAAINE. . .G 326
GmTOESa HKCGRWE ARMGQF LGKKYIYLGLFDSEVEAMRA IRCNGREAVINFEPSTYEGEMKSAAINE. . .G 322
GmTOE4b HRCGRWE ARMGQF LGKKYIYLGLFDSEVEAMRA IRCNGREAVTNFEPSTYESEMKPEAINE. . .G 302
GmTOE4a HKCGRWEARMGQF LGKKY IYLGLFDSEVEAAMRA IRCNRREAVINFEPS IYESEMKPEAINE. . .G 302
AtTOE1 HKCGRWE ARMGQF LGKKYIYLGLFDSEVEAM AINTNGREAVINFEMSSYQNEIN....SE...S 314
GmTOE1la HKCGRWE ARMGQF LGKKYIYLGLFDSELEAM IRCNGREAVTNFEPSFYEGEVISQSDNE. . .D 290
GmTOE1b x L )5 ' R HRCGRWEARMGQF LGKKYIYLGLFDSELEAM IRCNGREAVINFEPSLYEGEVISQSDNE. . .D 325
AtTOE2 320S INNSRMOGY ALQRIGGHG. . ... .......... AQMEQLHGNMGCDEAAVQUKGREAASLIEP . HASRMIPEAANVK. .LD 310
GnTOE 6b 3y R « . PRUGPFVGMTCYPRPSINCDDGKAE ASFKPCSYKGEIIVNSNMT. . .G 313
GmTOE 6a « . PRRAPFIGKTFYPNSSIKCDDGKVDASFKPCSYKGEIIANSSHA. . .G 307
AtSNZ SR, KN . . .NDHIHLFQNRGLNAAAARCNE IRKMEGD IKLGAHSKGNEHNDLELSLG 255
AtSHMZ 3 AR} 4GS, RG.LALQKCTQFKT....cvvvunnnn HDQIHLFQNRGWD ARATKYNELGKGEGAMKFGAHIKGNGHNDLELSLG 276
Consensus

LLEJTHENC AP2 5K BRI P57 B4 Y YRG AT RAYD,
The red boxes denote the completely conserved sequence motifs ( YRG and RAYD motifs) in AP2 domain.
2 XE5#FEI TOE ZEAFF| AP2 gAML &
Fig. 2 Multiple alignment of protein sequences comparing the AP2 domains of TOE homologs

between soybean and Arabidopsis
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Fig. 3 Sequence comparison of miR172 (A) and TOE (B) target site

between soybean and Arabidopsis
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Table 2 AP2 binding site rediction in GmFT2a and GmFT5a promoter

H N AP2 Zi 5 IEf 5k qfH eyl

Gene name AP2 binding site Strand p-value q-value Matched sequence
GmFT2a -12 ~ =31 + 0. 00000323 3.23E-06 AGGAACATAGAGAAAAGAAG
GmFT2a -37 ~ =56 - 0. 00009270 9.27E-05 AAAAAAAAAAAAAAAACTCT
GmFT2a -39~ -58 - 0. 00002150 2. 15E-05 AGAAAAAAAAAAAAAAAACT
GmFT2a -40 ~ -59 - 0. 00002830 2. 83E-05 TAGAAAAAAAAAAAAAAAAC
GmFT2a -41 ~ -60 - 0. 00001830 1. 83E-05 TTAGAAAAAAAAAAAAAAAA
GmFT2a -42 ~ -61 - 0. 00007250 7.25E-05 TTTAGAAAAAAAAAAAAAAA
GmFT2a -822 ~ -829 - 0. 00004980 4.98E-05 TCTCGTCC
GmFT2a -1291 ~ -1310 - 0. 00001580 1. 58E-05 AGAAAAAAAAAGACAAGAAC
GmFT2a -1293 ~ 1312 - 0. 00004200 4.20E-05 AGAGAAAAAAAAAGACAAGA
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Gene name AP2 binding site Strand p-value q-value Matched sequence
GmFT2a -1294 ~ -1313 - 0. 00000303 3. 03E-06 CAGAGAAAAAAAAAGACAAG
GmFT2a — 1444 ~ - 1463 + 0. 00005850 5. 85E-05 AGTAACGTGAAAAAAAATAA
GmFT2a - 1542 ~ -1561 + 0. 00003740 3.74E-05 GAGGAGCAATGGAAGAGAGA
GmFT2a — 1544 ~ -1563 + 0. 00000167 1. 67E-06 GGAGCAATGGAAGAGAGAAA
GmFT2a — 1550 ~ -1569 + 0. 00002350 2.35E-05 ATGGAAGAGAGAAAATGAGA
GmFT5a -778 ~ =785 + 0. 00006320 6.32E-05 TGTCGTCC
GmFT5a 1177 ~ -1196 + 0. 00000455 4. 55E-06 TCTAAAGAAAGAAAGAGACG
GmFT5a -1790 ~ -1799 + 0. 00003420 3.42E-05 TCATCGTACA
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