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Abstract: Objective In order to provide a basis for EuTCPs gene function research, Eucommia ulmoides TCP (Teosinte branched
1/Cycloidea/Proliferating) gene family was screened and analyzed in this study. Methods Based on E. ulmoides genome database,
bioinformatics methods was used to systematically analyze the physical and chemical properties, phylogenetic evolution, gene
structure, promoter cis-acting element and their expression in leaf development and gum formation of LBD gene family. Results In
this study, a total of 14 EuTCPs were identified from E. ulmoides genome, EuTCPs encodes 139—492 amino acids, and theoretical
isoelectric points distribution were 5.54—9.72, molecular weight between 18 880 to 53 620 by physicochemical analysis, all of
EuTCPs proteins were hydrophilic proteins and expressed in nucleus. EunTCP gene family was divided into three subfamilies: PCF,
CIN and CYC/TBI, which contain five, six and three EuTCPs proteins respectively. Expression pattern analysis showed that EuTCPs
played different roles in leaf development of E. ulmoides and positively regulated the formation of gutta-percha. Conclusion In this
study, the members of the TCP family were comprehensively identified and bioinformatics analysis from the genomic level of E.
ulmoides, which provides basic data for further functional research of EuTCP genes.
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Table 1 Amino acid sequence characteristics and predicted subcellular location of E. ulmoides TCP proteins

[ ID HEY WREIFEVRIERE QEAcEfs CDS K /bp fH K/ Maa AER R E SEH AL WANAEAL
EUC12473-RA EuTCPI  AT2G37000 Super-Scaffold 57 627 208 2244151  8.85  4Uit%
EUC20760-RA EuTCP2  AT2G31070 scaffold865 obj 780 259 2902836 848 4t
EUCI13147-RA EuTCP3  AT4G18390 Super-Scaffold 67 1311 436 47303.13  8.82  4Hit%
EUC03320-RA EuTCP4  AT3G27010 Super-Scaffold 177 930 309 32689.32 899 4%
EUC22153-RA EuTCP5  AT3G02150 scaffold1183 obj 1029 342 38298.69  6.90 4%
EUC10434-RA EuTCP6  AT5G23280 Super-Scaffold 46 798 265 2778513  9.72 UM%
EUC05665-RA EuTCP7  AT1G68800 Super-Scaffold 28 1083 360 41030.62 775  4HfEE%
EUC03513-RA EuTCP8  AT3G02150 Super-Scaffold 174 876 291 3269471 9.44  4jfi%
EUC15623-RA EuTCP9  AT1G67260 scaffold1436 obj 747 248 27907.40  8.86  4Hit%
EUC12970-RA EuTCPI0  AT3G47620 Super-Scaffold 113 1125 374 4006924 726  4HiEt%
EUCO06461-RA EuTCPIl  AT1G53230 scaffold166_obj 879 292 32398.81 565  4ijfi%
EUC10433-RA EuTCPI2  AT5G23280 Super-Scaffold 46 798 265 2778513  9.72 UM%
EUC15622-RA EuTCPI3  AT1G67260 scaffold1436_obj 507 169 18878.14 641 2%
EUC07713-RA EuTCPI4  AT3G15030 Super-Scaffold 600 1479 492 53623.46  5.54 Y%
2.2 F{h TCPs EELEHI N JIEFE DNA S5 &7 iR RSN ER, oGl 2%

TR TR, BuTCPs B FEH o B35,
TERG i SEAREERN B BEAZLN, MU T
Bl >0 RIE> AE(REE>B 5411, FABMEIE 2. o iR

MBEAEAEH, M EaE R ADIREErAL. EuTCPs 2
H = ARRARIL, S50 1 P, ToURG i
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Table 2 Secondary structures analysis of E. ulmoides TCP gene family

HRAY RAE A Sl AL o e CHE/%)  SEREE (AEb/%)  pRS ChE/%)  ERUIEH G5 E/%)
EuTCPI —-2.733 12 2.056 150 37 (17.79) 27 (12.98) 15 (7.2 129 (62.02)
EuTCP2 —-2.889 36 1278 232 39 (15.06) 43 (16.60) 13 (5.02> 164 (63.32)
EuTCP3 —3.400 35 1.700 340 71 (16.28) 49 (11.24) 9 (2.06) 307 (70.41)
EuTCP4 —-3.300 13 2.022 135 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 1.7718 57 72 (271D 42 (15.85) 13 (49D 138 (52.08)
EuTCP7 —3.789 235 1.722 314 129 (35.83) 25 (6.94) 9 (2.50) 197 (54.72)
EuTCPS —2.522 127 1411 229 28 (9.62) 34 (11.68) 7 (24D 222 (76.29)
EuTCP9 2756 84 1200 166 84 (33.87) 30 (12.100 10 (4.03) 124 (50.00)
EuTCPI0 —3.533 225 1.444 54 53 (14.17) 46 (12.30) 17 (4.55) 258 (68.98)
EuTCPII -2978 31 1.167 108 61 (20.89) 40 (13.70) 10 (3.42 181 (61.99)
EuTCPI2 2944 19 1.7718 57 72 (271D 42 (15.85) 13 (49D 138 (52.08)
EuTCPI3 —3.056 87 1.022 30 55 (32.54 17 (10.06) 2 (118 95 (56.21)
EuTCPI4 —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

2.3 ft{h TCPs EBRGH LD

FIFH MEGA 6.0 7 #r#ff, X 14 ASFLAf
EuTCPs, 22 ANJ/KF& OsTCPs24, 24 AN F§ JF
AtTCPsIZIfll 19 ANEAT PheTCPsO 4T 1000
WEEHER, WERGHN. &R0 2 Fik:
79 A TCPs 2 443N Class 1 Al Class IT 2 > KIE 5
e, FHA Class I X#N PCF WA J%; Class II WK

ek —2%4r 8 CYC/TB1 F1 CIN W5 % . PCF i
FIRFTAE TCPs [ g%, &H 40 1 TCPs
® M, 5/ EuTCPs, 13 4™ AtTCPs, 10 4> OsTCPs
A1 12 A~ PtTCPs, FL 2 CIN X%, B 29 4~ TCPs
T|AAR, CYC/TBI WEXKIERT & & A& R, X
% 10 > TCPs # M, 3 4> AtTCPs, 3 > EuTCPs,
34> OsTCPs, 1 /> PheTCPs.

FIH MEGA 6.0 FISBEAEME RGEHHLN, FEPR TCPs &AM FBIElRL, HE=MPARMETT, LORBAIKE, EEREIEPAA

FEBN, HAP TCPs A A GRS

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

2 b, KEE. BEFMEN TCPs EARGHUK

Fig.2 Phylogenetic tree of TCP proteins from E. ulmoides, rice, Arabidopsis and moso bamboo
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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.

3 WEETE. KEEFELIR TCP ERRTHEE TR F L X

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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Motifl§ IFWPVAN

Motifl9 L LW,
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B-EuTCPs 2R 550 C-IR<7 3 Fr @B IR 0 A

A-the phylogenetic tree of EuTCP gene family was generated with MEGA 6.0 software using the neighbour-joining method B-the gene structure

analysis of EuTCPs
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Fig. 4 Conservative motif analysis of EuTCP proteins
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A-the number of cis-acting elements in the promoter region of each EuTCP gene B-the number of cis-elements and the EuTCP genes containing

cis-acting elements

5 EuTCPs BRIFIRAAER T2
Fig. 5 Cis-elements distributed in promoters of EuTCPs
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A R R IR KPR, I BRI &

TO1~TO3-M 2%  T04~TO06-¥J/EMH  T3-1~T3-3-%  T4-1~T4-3-& 0 WMEAN O, HERRFCRIEEE, LORRaHIKF
T1-1—T1-3-leaf buds T2-1—T2-3: growing leaves T3-1—T3-3-young leaves T4-1—T4-3-old leaves; The color scale was shown at the above of

the heat map, blue indicated lower, red indicated high transcription levels

6 EuTCPs ER7EM P 7 R E % BEHIRFRIARRK

Fig. 6 Expression patterns of EuTCPs genes at different development stages of E. ulmoides leaves.
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L-1~L-3AGE & &M A H-1~H3-mIR & s 8 LI 0hR, BHORRRERKT, DORRmzoKker

L-1—L-3-leaves with low gum content H-1—H-3-leaves with high gum content; The color scale was shown at the above of the heat map, blue

indicated lower, red indicated high transcription levels

7 EuTCPs BEREMMHAER S EM P HFRIARK

Fig. 7 Expression pattern of EuTCPs genes in leaves with different gum content
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