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Abstract: Objective  To screen and analyze TCP (Teosinte branched 1/Cycloidea/Proliferating) gene family of Eucommia
ulmoides, so as to lay a foundation for further study of EUTCPs gene function research. Methods Based on E. ulmoides genome
database, the physicochemical properties, phylogeny, gene structure, promoter cis-acting elements and their expression levels in the
leaf development and eu-rubber formation of the TCP gene family were analyzed by bioinformatics system. Results A total of 14
EuTCPs were identified from E. ulmoides genome, EUTCPs encoded 139—492 amino acids, and theoretical isoelectric points
distribution were 5.54—9.72, molecular weight was between 18 880 to 53 620 by physicochemical analysis, all of EUTCPs proteins
were hydrophilic proteins and expressed in nucleus. EUTCP gene family was divided into three subfamilies: PCF, CIN and
CYC/TBL, which contained five, six and three EUTCPs proteins, respectively. Expression pattern analysis showed that EUTCPs were
significantly different at different developmental stages of E. ulmoides leaves, and the expression levels of EuUTCPs were different at
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each developmental stage. EUTCPs positively regulated the formation of eu-rubber. Conclusion There are 14 members of TCP
family identified in E. ulmoides, and their molecular characteristics and tissue expression specificity are different, which may be

involved in the development of leaves and eu-rubber formation.

Key words: Eucommia ulmoides Oliver; TCP gene family; subcellular location; phylogeny evolution; expression analysis
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Table 1 Amino acid sequence characteristics and predicted subcellular location of E. ulmoides TCP proteins

ZX 1D RFRL IR R Y ERENTEL ) CDS KE/bp |HAFK/Maa  Mw Pl T4AfLEN:
EUC12473-RA EUTCP1  AT2G37000  Super-Scaffold_57 627 208 2244151 885 4l
EUC20760-RA EUTCP2  AT2G31070  scaffold865_obj 780 259 29028.36 8.48  4liffut%
EUC13147-RA EUTCP3  AT4G18390  Super-Scaffold_67 1311 436 47303.13 8.82 4%
EUC03320-RA EUTCP4  AT3G27010  Super-Scaffold_177 930 309 32689.32 8.99  Zifut%
EUC22153-RA EUTCP5  AT3G02150  scaffold1183_obj 1029 342 38298.69 6.90  Zifiut%
EUC10434-RA EuUTCP6  AT5G23280  Super-Scaffold_46 798 265 2778513 9.72  ZMur%
EUC05665-RA EUTCP7  AT1G68800  Super-Scaffold_28 1083 360 4103062 7.75  #ifut%
EUC03513-RA EUTCP8  AT3G02150  Super-Scaffold_174 876 291 32694.71 9.44 W%
EUC15623-RA EUTCP9  AT1G67260  scaffold1436_obj 747 248 27907.40 8.86  4liffif%
EUC12970-RA EuTCP10  AT3G47620  Super-Scaffold_113 1125 374 40069.24 7.26 4B
EUC06461-RA EuTCP11  AT1G53230 scaffold166_obj 879 292 32398.815.65 4t
EUC10433-RA EuTCP12  AT5G23280  Super-Scaffold_46 798 265 2778513 9.72  ZMur%
EUC15622-RA EuTCP13  AT1G67260  scaffold1436_obj 507 169 18878.14 6.41  4Hffk%
EUCO07713-RA EuTCP14  AT3G15030  Super-Scaffold_600 1479 492 53623.46 5.54 4%
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Table 2 Secondary structures analysis of E. ulmoides TCP gene family
ERY RIKE s melE A o dBhE (%) JEHEE (5 E/%) BHAA (A TR (/%)

EuTCP1 —2.733 12 2056 150 37 (17.79) 27 (12.98) 15 (7.21) 129 (62.02)
EuTCP2 -2.889 36 1278 232 39 (15.06) 43 (16.60) 13 (5.02) 164 (63.32)
EuTCP3 -3400 35 1.700 340 71 (16.28) 49 (11.24) 9 (2.06) 307 (70.41)
EuTCP4  -3300 13 2022 135 79 (25.57) 31 (10.03) 14 (4.53) 185 (59.87)
EuTCP5  -3.144 333 0.811 48 27 (7.89) 27 (7.89) 0 (0.00) 278 (81.29)
EuTCP6 -2944 19 1778 57 72 (27.17) 42 (15.85) 13 (4.9D) 138 (52.08)
EuTCP7  -3.789 235 1722 314 129 (35.83) 25 (6.94) 9 (2.50) 197 (54.72)
EuTCP8 —2.522 127 1411 229 28 (9.62) 34 (11.68) 7 (24D 222 (76.29)
EuTCP9  -2.756 84 1200 166 84 (33.87) 30 (12.10) 10 (4.03) 124 (50.00)
EUTCP10 3533 225 1444 54 53 (14.17) 46 (12.30) 17 (4.55) 258 (68.98)
EuTCP11 2978 31 1167 108 61 (20.89) 40 (13.70) 10 (3.42) 181 (61.99)
EuTCP12 -2944 19 1778 57 72 (27.17) 42 (15.85) 13 (4.9D) 138 (52.08)
EuTCP13 -3.056 87 1022 30 55 (32.54) 17 (10.06) 2 (1.18) 95 (56.21)
EuTCP14 -3.800 226 1.300 452 87 (17.68) 59 (11.99) 20 (4.07) 326 (66.26)
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Fig. 1 Tertiary structure prediction of E. ulmoides TCPs
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The phylogenetic tree was generated with MEGA 6.0 software using the neighbour-joining method, TCP proteins from the different species were marked

with different colored dots, blue triangles represented Arabidopsis, red cycles represented rice, blue-green diamond represented moso bamboo, and E.

ulmoides TCPs proteins were marked by green rhombuses

B2 . K& HETTREN TCPs ZEE RS LR
Fig. 2 Phylogenetic tree of TCP proteins from E. ulmoides, rice, Arabidopsis and Phyllostachys edulis
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The structural domain names were marked above the sequences, with the black line representing the range of the region. Conserved amino acids were in

black, similar amino acids were in red and turquoise, absence of color indicated amino acids were less conserved.

B3 #EIT. Kigfnttfh TCP ERRTEME S EERFFIL 3T
Fig. 3 Alignment of amino acid sequences in conserved domains from members of TCP proteins of Arabidopsis, rice, and E.

ulmoides
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A-FIH] MEGA 6.0 [F&IHEVAMI 12 EUTCP 2K KR RGBT B-EUTCPs BRI A5 704 C-OR<J I &R T
A-phylogenetic tree of EUTCP gene family was generated with MEGA 6.0 software using the neighbour-joining method B- gene structure analysis of

EUTCPs C-conserved motif amino acid distribution

4 EUTCPs ERRTFEF I
Fig. 4 Conservative motif analysis of EUTCP proteins
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