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Abstract: TCP (teosinte branchedl/cincinnata/proliferating cell factor) is a group of plant-specific
transcription factors that play important roles in plant growth and development. To date, there are no
report about TCP transcription factors in eggplant (Solanum melongena L). In this study, twenty-nine
eggplant TCP (SmTCP) family genes distributed on 11 chromosomes were identified from the genome
database of eggplant using bioinformatics methods. The results showed that all members of the family
contained sequences encoding TCP conserved domains with length of amino acids ranging from 201 to
538 and exon numbers of 1 or 2. Subcellular localization revealed that three SmTCP proteins
(SmTCP02/03/21) were located in the cytoplasm and the other SmTCP proteins were located in the
nucleus. The 29 TCP transcription factors were divided into Class I (PCF) and ClassIl (CIN and
CYC/TB1) by phylogenetic tree and sequence analysis. Collinearity analysis showed that 17 pairs (21)
of SmTCP genes had collinearity, and these collinearity genes belonged to segmental duplication.
Analysis of gene expression patterns showed that all 29 members of SmTCP gene family were expressed
in 15 tissues or organs, but the expression patterns were different. Among them, four gene
(SmTCP18/19/20/25) of CIN subfamily were highly expressed in leaves at different growth stages.
Analysis of cis-acting elements in the promoter region of SmTCP showed that there were four types of
cis-acting elements, which were light response related cis-acting elements, growth and development
related cis-acting elements, hormone response related cis-acting elements and stress related cis-acting
elements. In summary, the molecular basis of SmTCP genes in eggplant and the influence of TCP gene on
the growth and development of eggplant provided a theoretical basis for molecular breeding of eggplant.

Keywords: eggplant; TCP gene family; gene structure; evolutionary analysis; tissue expression

TCP (teosinte branchedl/cincinnata/proliferating
cell factor)BAEYFF A sk N X%, |25 5
YRR EEY, Haaka 4 MR
BJFE[A, TB1 (teosinte branched 1), CYC
(cycloidea), PCF1 (proliferating cell factors 1)
1 PCF2 (proliferatingcell factors 2)1*71, 2 Ht
A 1A 60 DN @ AU A TCP 45

& : 010-64807509

P I Bl — Al B A MR - A - W 4 A
(bHLH)™ ), AR ST 25 M sk i 22 5%, TCP 2E [
FER LA %1434 Class [ (PCF & TCP-P % Jit)
il Class Il (TCP-C %) "W IEJ% , 5 Class I
A, Class I 7£ basic fR5FE5MIE B> 4 NE
FERRTP, Class I Hh 4% B A 22 S8k, T gk—4
%144 CIN Fl CYC/TBIVTH AN 33

X: cjb@im.ac.cn



2976 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

TCP N ZEWE 122 Sty 1 &P
MR Ok Re L e RS A B/ B,
FERRE T IKAEMY L ot AAEl O SR
TR Y R T TCP B SR
WA ZMiE . Gihn, I o b e 4
AT S8 At TCP3 . AtTCP4 ,AtTCP5 . AtTCP10
- A:TCP13M, P a0 R A K RN 39 5 1
AtTCPS . AtTCPI5 . AtTCP21 . AtTCP22 i
AtTCP23M ) SR B R I 1Y R B R
B ZARIERN T8 L2 ATCP14 F ATTCPI5; K
Ferh S 5N EIEYE R PCF1 M PCF2P15 %K
P AER SR B R AEELAE R SITCPI2 .
SITCP15 F1 SITCPI8; V4N 2 5k & 8 5 1)
CITCPI4a 1 CITCPI5™), BRIt 241, FEBH N
W TCP JERB R FERE TSR o AN /KR v B
FEEG I IE FEE N T OsTCP21PY; Rl LS hIA:
PRI RE IR o IR RN R R PvPCESP,

i (Solanum melongena L.) ZFRIEPURIE
FBERAEY 22—, X m Al AR b3 2
AEENEM, HTCP ¥ T HIIFAREE . A
W FIFAD G RSk, X TCP SR
FESR NP PR ASE A, XX SE SR AN 5L e
WoEhr . B, REKE . EEEW . 75
FRAE . R E 56 R AL N R T T 45540
Br, WA R AT T a7 TCP JERF e
MR R BB AR 5

WEERE

1.1 #aF TCP EERMEM R GBI E KL
B RS

PA Yao ZUOUHH B4R ST 23 4% TCP A
JEHIE R BEP 5, B SR BLAST #2175 Mt +
FERHABIEE (http://eggplant-hq.cn) KFAH{LL B
=30%H. E H<-10 {3512 At i 5
et TCP H . SRJ5FIH NCBI (https:/www.

http://journals.im.ac.cn/cjben

ncbi.nlm.nih.gov/)i¥ CDD F& % 43 4 #li F TCP {5
W 145, &5, & TCP #% s KR IRF
LER IR 9 R IR A .

i TCP IERTEFE A Py Ai E , 2 FIH
/4 TBtools " fi)“Show Genes on Chromosome”
AR AE AL . i TCP ik 8 24 R .
WAL A X TR SRR S
ANFEE ZEOFI B 5 BSE 8 br i 00 43 A, 2
FIFTEL B+ ExPASy 1) ProtParam (https://
web.expasy.org/protparam/) 5¢ i¥, . M4l Jifg E 7
SrHT SRR EL B WOLF PSORT (1 Plant
e (https://wolfpsort.hge.jp/) #H47,

1.2 7iF TCP ERERER AN RZHNLS
BRI THh

iz I MEGA-X AT £ 10 3 IF il 1 Y
TCP KB, P 4IE (neighbor-
joining model, NJ), Bootstrap {HiXE N 1 000,
TEL 4 Gene Structure Display Server (GSDS)
(http://gsds.cbi. pku.edu.cn/)* 4 F 3k 4 M7 it 7
TCP FEHNANTF/WN & F (intron/exon) HJ5Af
15 G2 il L R B5 4 14
1.3 7 F TCP ERFE iR 51 FFFIHHIE K
RT LA

12 ] Clustal X #4050 SHEZ AN T TCP
FEAFINT 2R H T, R Jalview? f
i+ TCP IR 5L 1P AN RE A T AT AL 537 o
£ 48 1. . MEME (http://meme-suite.org/tools/
meme) Bl VR F TCP 2 (YRS 7
(motif), WESHCN: 10 4 motif, HAbKERIMA.
1.4 finF TCP ERAFKRA R LM 747

iz A McScanXP i F TCP JER %K
WA T I3 Hr, 12 Circos A2l i+
TCP ZIEI A LM RIEPY, b F Itk %
FRIHEA WA, 250 R A B
P IE HE X SR FARAERR R T 70%, HI
TEGL Gk E Az B R FE/N T 100 kb B, Ty



118 27 TcP BEREL BEANSESHF

XA JE AR R
1.5 7iF TCP EFEZRIRM 5 E E RIKE
W K i

GRS/ N (T T Rl < I O
(PRINA328564), FlIF] FPKM {H (log, #%4%t) 43#T
A TCP ZKIGHPRTEAFARIZHA G E BT
.. FFH] TBtools [ Heatmap /272 TCP LA
KA TR TN [FIZH L B ORI
1.6 #nF TCP ERERMERRNFINNAIER TH
A

FI A4 TBtools AYJ“fasta extract”Fe /5 X}
Tl § TCP Z 5 Rk R % 5 1 177 2 000 bp 1Y
Ja sh+ X PN A TR, SR 5 1 B PlantCare %X
P& % (http://bioinformatics.psb.ugent.be/webtools/
plantcare/html/) H9‘“search for care”#i I, Xfiii
+ TCP FIRELN A sl 1 X e 51 i A7 A T
4y, A5 F 3K TBtools Y “Simple
Biosequence Viewer #2374 45 R ] 414k .

2 BREM

2.1 FF TCPEREREHRAEBIEEMK
I R AR
AR IR R AL R 2, FEnFrp

1 SmTCP HERERIERREIKREN
Figure 1

& : 010-64807509

= E01 E02 E03 E04 E06 E07
== H = ol — pa
= T, SmTCP 13
SmTCP 0l SmTCP 09
=]
L=
&
=
=
(=]
-+
= SmTCP 03
| = SmTCP 04
2 SmTCP 05
e aurcs
J Sm SmTCP 14
= SmICP 08 ‘:'::;’ Ice 13
(=3 e i
SmTCP 10 P17
- SmIcp il ) SmICR ]
) L) Smrcp 12
=
g ) smrcro2
o
L =
(=]
a

YEH 29 A~ TCP SERFZEM L, HARYE LAY
fk FIAIE, N SmTCP 01-SmTCP 29 #1ifr
& e fEN SR ER (1), 29 4> SmTCP %
KGR AN 515 A ERRER 5 S UL EARLUS Y
11 2&getafh b o, 2 SYefatk 43y SmTCP
HNRZ, H 61, 45, 9 5H 12 54k
&, BN 1A, H SmTCP JERTEY AR o34
PLEAY, KRBT Y AR M

Xt TCP ZEH B 0t 47 Bk P BT 43 #r
5 R SmTCP #HUSSEH AL (pl) YElEh 5.25
(SmTCP 05)-9.71 (SmTCP 03 1 SmTCP 28), #H
X4 F B E Ve B A 21 267.29 Da (SmTCP
23)-57641.26 Da (SmTCP 01), 28K Bl
[l & 201 aa (SmTCP 23)-538 aa (SmTCP 01), I
g e 7 e A & B, BRE B SmTCPO2 |
SmTCPO3 1 SmTCP21 o T2l i LASh, Hifth
SmTCP & RS T Az b . AfaE 2507
Prés 0, 29 4> SmTCP & 1 2B H KT 40,
HARTREE M . IR E R ECH 46.70-
89.02, JE/KMESEIETE-1.048 2£-0.250, T H
SmTCP & RS EER /N 0, REK
PEER G 1),

E08 E09 E10 Ell E12
N M -swcr s 8ib4) ()
—
12-:::# 31 SmTCP 29

SmTCP 26 -
L_}—Smrcp 22 o

— SmTCP 27

SmTCP I8 SmTCP 28

SmTCP 19
SmICP 16
SmTCP 17

Chromosomal location of the SmTCP gene family.

X: cjb@im.ac.cn



2978 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

*1 SmTCP EEZRKERRER
Table 1 The characteristics of SmTCP gene family members

Gene Gene ID Chromosome position Theoretical Molecular Amino Sub-cellular Instability AliphaticGrand average
name isoelectric weight  acids localization index index  of
point (Da) (aa) hydropathicity

SmTCP 01 Smechr0100729.1 Chrl 6.75 57641.26 538 nucl 69.06 53.79 —-0.853
(6 599 635..6 602 290)

SmTCP 02 Smechr0103973.1 Chrl 8.79 27088.42 260 cyto 54.08 78.81 —-0.250
(102 984 495..102 985 277)

SmTCP 03 Smechr0201023.1 Chr2 9.71 2740141 244  cyto 43.99 89.02 -0.502
(53746 123..53 747 774)

SmTCP 04 Smechr0201168.1 Chr2 8.91 30779.31 285 nucl 59.01 69.93  —-0.620
(55904 636..55 906 944)

SmTCP 05 Smechr0201631.1 Chr2 5.25 38242.76 337 nucl 55.17 55.85  -0.903
(61329795..61 331 204)

SmTCP 06 Smechr0202786.1 Chr2 9.15 27870.39 244 nucl 56.70 68.77 —0.857
(71 857 581..71 858 573)

SmTCP 07 Smechr0202855.1 Chr2 6.63 3195041 285 nucl 49.24 68.00 —0.790
(72 457 550..72 459 832)

SmTCP 08 Smechr0203181.1 Chr2 6.52 25954.84 245 nucl 55.34 67.39 -0.568
(74 966 486..74 967 223)

SmTCP 09 Smechr0300562.1 Chr3 9.67 32290.79 281 nucl 53.26 65.30 —0.796
(10424 281..10 426 047)

SmTCP 10 Smechr0302978.1 Chr3 6.67 40 118.19 355 nucl 64.13 62.34 —0.846
(89988 990..89 990 937)

SmTCP 11 Smechr0303082.1 Chr3 7.95 43 898.27 412 nucl 53.67 60.00 —0.641
(90 882 536..90 884 482)

SmTCP 12 Smechr0303405.1 Chr3 8.81 40599.22 358 nucl 48.34 62.65 —0.928
(93799 130..93 800 340)

SmTCP 13 Smechr0400435.1 Chr4 6.99 44 070.66 390 nucl 57.47 57.36  —0.855
(5076 501..5 077 673)

SmTCP 14 Smechr0602003.1 Chr6 7.93 34585.13 324  nucl 48.06 5395 -0.748
(79 029 964..79 031 590)

SmTCP 15 Smechr0602362.1 Chr6 8.78 39664.04 355 nucl 58.41 60.76  —0.956
(82484 588..82 486 426)

SmTCP 16 Smechr0602388.1 Chr6 9.54 31357.84 286 nucl 59.29 60.66 —0.658
(82745 059..82 746 619)

SmTCP 17 Smechr0602431.1 Chr6 6.93 44780 411 nucl 61.51 57.69 -0.816
(83 122 187..83 124 390)

SmTCP 18 Smechr0702127.1 Chr7 6.33 33720.11 296 nucl 50.45 57.74  -0.929
(103 181 314..103 183 919)

SmTCP 19 Smechr0702382.1 Chr7 6.37 42918.16 396  nucl 47.94 60.71  —0.645
(99 954 133..99 956 862)

SmTCP 20 Smechr0800707.1 Chr8 6.33 47904.47 435 nucl 55.65 56.02 —0.878
(19442 358..19 450 443)

SmTCP 21 Smechr0800708.1 Chr8 5.87 4543777 411  cyto 59.55 57.88  —0.888
(19512 341..19 520 337)

SmTCP 22 Smechr0802294.1 Chr8 7.14 37980.52 354 nucl 57.72 68.95 —-0.476
(83 815514..83 816 839)

SmTCP 23 Smechr0900228.1 Chr9 7.76 21267.04 201 nucl 47.04 70.90 -0.364
(3343 422.3 344 561)

SmTCP 24 Smechr1000174.1 Chrl0 9.28 41959.29 365 nucl 43.33 66.52  —0.904
(2277 741..2 284 035)

SmTCP 25 Smechr1000441.1 Chrl0 6.31 53231.74 481 nucl 61.22 61.68 —0.769
(5308 155..5310278)

SmTCP 26 Smechr1002163.1 Chrl0 7.16 39003.48 349 nucl 53.37 49.51 -1.048
(74 894 878..74 896 232)

SmTCP 27 Smechr1102037.1 Chrll 7.03 44917.01 391 nucl 57.68 4670 —-1.210
(89 693 340..89 694 515)

SmTCP 28 Smechr1102385.1 Chrll 9.71 28283.63 272  nucl 53.97 70.85 —0.353
(96 297 988..96 299 297)

SmTCP 29 Smechr1200724.1 Chrl2 7.05 40482.62 380 nucl 59.45 5342  -0.727

(19 437 206..19 439 153)
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Figure 2 Phylogenetic analysis of Solanum melongena (Sm) and Arabidopsis thaliana (At).

: 010-64807509

X: cjb@im.ac.cn



2980 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

¥ 29 ¥ TCP HEEFHI RS (A
3A), BHERBRE IR (K 2) Hiali1m
TCP HE 0 2 LR . 3 1433 (bootstrap =
90%), 3%k CIN. CYC/TB1 #1 PCF W%
AR MR G KB W HE R 58 M,
BP 3 A, PCF Wik SRR RE, N
12 4~ HyOE CIN %, o~ 11 45 CYC/TBI
WAL L e, 6 4

LR M) o3 B R W (Kl 3B), SmTCP %K
LR 25 R T o, AN E RO 18k 2 14,
FLA A ARL 45 44 1 G0 i A A A R AE R — 49 =2
H, i, fE CIN WHEEH, BT SmTCP 03
M SmTCP20 4k, Hami i H &4 —A4-4b

53——SmTCPI6

CIN

99 ——SmTCPI3
—:SmTCP05
98 SmTCPIS

100 100—SmTCP19
SmTCP25

95 92
CYC/TBI 64

SmTCP24
SmTCP24
SmTCPI2
T2—SmTCP06
SmTCP09
SmTCP22
SmTCP23

EER

LA
2.3 7F TCP EZEHFFHIFHEMR T EIE
vk

R HTai - TCP G5 N 0t 8 45 i) J 21
J, XTEEE R 29 AT TCP SR 5t 2 1 itk
FAFPAVRRIE LE XS o0 (B 4). 452R o, Frfy
A TCP MBI Y& A 1AM 60 LR
) TCP PR<F 45438 (basic-helix-loop-helix,
bHLH). % Zhao %026k, MAEHLA
FEmR A H WA, AR TCP Z 5 B 43 1
Class I 1 Class I i K25, Hrf Class 12881
AL L Class | RENZ 4 MR 4
GBI AR G K TR AR —3

SmTCPl5 v emm—

Legend: @» Extron
UTR

— Intron

L2

lkb 2kb 3kb 4kb 5kb 6kb 7kb 8kb

3 SmTCP RiEERALEWSHL A: SmTCP RNWIHL IR, B: SmTCP RHMN & T/4MNE T

45Ky
Figure 3

Gene structure and evolution of SmTCP family in Solanum melongena. (A) Phylogenetic

relationships of SmTCP genes. (B) Intron-extron structure of Sm7CP genes
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Figure 4 Alignment of conserved domain of the TCP family proteins in Solanum melongena.
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Table 2 Sequence of 10 predicted motifs of SmTCP proteins

Motif Length Motif sequences

1 50 KRHTKVGGRDRRVRLSALTAARFFDLQDELGHDSPSKTIEWLLKQAKPAI
2 21 IAATGTGTIPANFSTLNVSLR

3 15 IVRVSRATGRKDRHS

4 20 KESRAKARERARERTKEKLK

5 48 HHQAVLPMYPASIPGIGFASEVGGFSGFRIPARIQGEEEEHDGISDKP

6 10 PGAAFWMLPA

7 9 LHHHHQHHH

8 24 MEMEEIQSEECKFPRMNNKEDEQY

9 50 IYLGNPLQPLRPVSSPMFSISGEHRPELQHFPFGGDNLVPVVTSSEGSNC
10 45 ELPPLEAFPDTLQLSDEKRSSVGTEPGFDSPDVEMDDDPNCNQQQ
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Figure 6 Collinearity analysis of TCP gene family members in Solanum melongena. Scale bar on
chromosome shows the length of the chromosome (Mb), the same color name indicates that the gene has a
segmental duplication.
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Figure 7 Tissue expression of SmTCP genes.
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Figure 8

Cis-acting element distribution in the promoters of the TCPs in Solanum melongena. A:

photoresponsive cis-acting element; B: growth and development related cis-acting element; C: hormone
response-related cis-acting elements; D: cis-acting elements associated with stress.
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