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FHE: NI TCP #% 3 N1 F AL 5 T K 22 (Magnolia sinostellata)iERAMHEH FER, B EREENRTARZE 3 a4t
AP AT IR AL B, TS 2 4 M TCP e el AR SR B, A e 4 405 B A0 gRT-PCR 233 [ il T ) ik
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Identification of TCP Family in Magnolia sinostellata and Expression
Patterns of TCPs Under Shading Stress

REN Mingjie, LU Danying, WU Chao, ZHU Senyu, CHEN Xiaojun, WU Yufeng, SHEN Yamei,
MA Jingjing
(School of Landscape Architecture, Zhejiang Provincial Key Laboratory of Germplasm Innovation and Utilization for Garden Plants, Key Laboratory of

National Forestry and Grassland Administration on Germplasm Innovation and Utilization for Southern Garden Plants, Zhejiang A&F University, Hangzhou

311300, China)

Abstract: In order to investigate the role of TCP transcription factors family of 3-year-old Magnolia sinostellata
grafted seedlings under simulated natural shading, the bioinformation of TCP transcription factors were analyzed
based on transcriptome data, as well as their expression patterns under shading stress. The results showed that 12
TCPs were identified from the transcriptome data of M. sinostellata, encoding 228-558 amino acids with protein
size of 23.7-52.7 kDa. All of 12 TCPs proteins were unstable and hydrophilic. The 12 TCPs located in cell
nucleus, and MsTCP12-a/b also located in chloroplast. MSTCPs could be divided into two types, Class I contained
10 TCP members, and Class II with two TCP members. All members contained TCP conserved domains and the
closely TCP members had similar conserved motifs. Meanwhile, the TCP promoter sequences of M. sinostellata
were cloned and analyzed, which contained a large number of light response elements and hormone response
elements. The MsTCPs were differentially expressed under shading treatment. MsTCP9-a, MsTCP2 were
significantly up-regulated and MsTCPS8, MsTCP9-b, MsTCP7-a, MsTCP15 were significantly down-regulated.
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Therefore, MsTCPs might play an important role in response to shade stress.

Key words: TCP transcription factor family; Magnolia sinostellata; Shading; Gene expression

JEH R A KK E T w A s FIR S £,
Y@ G E AR & A LYW R B 58 TR K,
TEARMEBRE T, FEE S e 2 P A A 2
5565 UG BRI e N E A KK E .
THE [  Xo AN T B £ AL 42 3 Rl — o B S ) R AR 4
H, SR E A KN, TR R B4
PR o R 2= FH(Magnoliaceae)lH) & —2 1 & FITEY)
FREE, T ABRAEARA . M FAAT 5 2% R PR 1)
B, ZHORZFRHED A I KA fEl . AR 2R
SEIFN A 2 R, 250 T REOG 7 R AR
5B, EARTERKASFERYEEDE, S
A2 (Magnolia sinostellata) &R =R 2 @ HEY), H
HAR AT X7, @ T Wil /e Bsa v .
FTARZJEMAER A, 24 THMHRE, &£
B ] P v b o A B AR X A D, AR SR
wHERESAAIY, BEVE T EJE TR B PR AT
REE M55 5 TR AR H, T I L G Y
BRERZ

TCP RHEMF AW —KERH TR, 722
5WEWAEKKE . WERE SIS ha s 2 4
AW R . KRR TCP 5 M3 AN R, TCP & A]
43N Class I (PCF ¢ TCP-P)Fll Class II (TCP-C)# K
J, Class I1 K3t —43Jy CIN 25/ CYC/TB1
FRURFE Class 1 8 2, JKFE(Oryza sativa)
PCF1 F1 PCF2 235 DNA S il R4 il 41 & $A03).
TLF ¥ (Arabidopsis thaliana) TCPS TEAIE1e A+ &
FEAEFUY, AtTCP14 R AtTCP15 SR IF )1 [H]
KA IR, R 3 758 R R 75
KUY, ZGA6(Chrysanthemum morifolium) CmTCP20
1o 35 BE A% 1Y I 4G 48 AR A BOR R R, SR
MR A KR AR B ERIRAE AU, Class 1T 281,
CIN WRIEEH Z HREM LS, ATCP2. AtTCP3.
AtTCP4 AtTCP10 1 AtTCP24 % miR319 [¥)if#2 A
b AN R BN CYC/TBI W2REEH A4TCP1S/
BRCI FEFEHIMEF 73 BOR B RAFEAE NS, 4iTCPI
REWS 45 Al S R W I & BB L K] DWARF4 ()3 5)
T, R AN, 24 Nk, e FrR0
#R(Camellia sinensis) !, ¥ift(Gossypium raimondii)**
L2 YN TCP e Kl JT FERE I, M0 A2 38 B foly
SER NIV EP RTINS S E I N T )8 o Nt i

PR Ol HEE 5 R S0 JHL 0 AT A B Ak BE O R AT e e 4L
Wy, WM Z2 e RIS R, KIS TR TCPs
FEIERA A T R IZE R RIE, HEMR TR TCPs
TR M IS 9 fof 1 AT A S TR S A RO
PRI A SO T 5 TR 22 B e e A B, x5 7
K= TCPs ¥ A7 T e %€ 0 A, IRFT A
YME B R R SRR N ARIA B, AR T
fiff 55 7R 22 TCPs £EIE B T (10 1 4% X 4% B4 5E il
BRE NIRRT TR Z MU E ML B AL B IR

LR i

1.1 %

BEIPRER B LA A TR LI e e v
[#(30°25' N, 119°81" E)}& B I TR 22 3 a AR 1K HLHT .
PO KA PRR—S R E G E iR, B
TWHTA IR Z X VTR K Z(30°26" N, 119°73' E) A
TAMERIATR IR, WERE NSE2) C MHXHEE
N 40%~60%- FEHEGRE N 648 umol/(m?-s). AT
FCTRZEAMEAPAEE, SR 3 = R8P M A 1T
S R B AL B B [25% 45 6 1], 162 umol/(m?-s)],
XTRRZA LT AN AT IR A 3, HoAh R AR FEAAE .
a4 L E S, SR E 3 MEYEE
H. REAERE 0. 5. 15 RREFTARES
JERE R o BTA RS IURE JE SR B ELE, Rl
HE TR AT HEE, b5 N80 CUKFITRTE, H
TJE4E RNA - IRt E & qRT-PCR M, FFZ&
FERINHE R TR I 3 A R A R gEAT s L e, %
AP REAMEAR R E 3N EE
1.2 TCPs E:H ik SEAMR T

ST RS TCPs BE[R| 1) %5 58 5511 S H I 7 4
o FER AR H NRy NT. Swiss-Prot
85 3 AN AT S ERA TR, WD TRIE S 133
AN TCPs #H%FE A . F] TBtools {4 it & 42 B 5%
HRFERR T H AT b3 B R R 751, AT
TERIER T BRI AIAT G220 #r. @il Pfam Al
SMART T Hit—B o ir&iiiis, HIBRAEH TCP 45
PR 751 . 383 DNAman #EAT 0BG, 2B AH A 3
BRI TUAR B A, e &3fA% 12 e TR 2E TCPs %
A, FHARHE TCP UL FE 7t i 4472 & NCBI blast U4,
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Rt 44 . FIFH ExPASy Hf] ProtParam 7E2k T. B
(https://web.expasy.org/protparam/) Tl 5 A== TCPs
R R S ESEAAR, FIRE
283k Cell-PLoc 2.0 (http://www.csbio.sjtu.edu.cn/bio
inf/Cell-PLoc-2/) Tl 3. 48 1 & i .
1.3 TCPs RELR BN IAE

A MEGA 6.0 B 5t AR, MEGTF. EFELR
24(M. biondii)~ 7KAEH) TCPs R IEER 75T R4t
KB N, KAl (neighbor-joining), 1 000 X
bootstrap f il , FH 7EZE T2 iTOL (https:/itol.embl.
de/)Xf KRG K B AT . I+ KFEH
TCPs ZH % /7 413~ 2 H PlantTFDB ¥ 3 (http:/
planttfdb.gao-lab.org/index.php), *E#H E>% TCPs %
B/ 7 i ik B B B 2L R R A
1.4 TCPs |BEMFFILLxT 5O FEMIREF 4

FIH Clustal Omega 7£ £k T. H (https://www.ebi.
ac.uk/Tools/msa/clustalo/)%f 12 M5t T*AK 2% TCPs ]
TR P HHAT P BN LG, FIH jalview B4R 2 7
G B T A R 7E 26 3 MEME (https:/

meme-suite.org/meme/tools/meme) X} 5t T* A % TCPs

F 1 FTAKE TCPs JAsh T 7514

Table 1 Primers for TCPs promoter cloning of Magnolia sinostellata

HEATR TN, WESHOY: (ERE
SUH, w2 Ry EEN 105 FIF NCBI CDD T.A
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)
SR RTOR 2 TCPs 8 AR 1 45 F 38
1.5 TCPs K1J8 3 5o F& &R AE R o Fl

HH] DNA SRRSO TR 22 K14 DNA;
HH A @i AR £ 22 R R A, M pfam 23
FEHR R # TCP 3% [K ¥ 1) HMM (Hindden Markov
Model, F&E/REFREERNSCAE, FIH hmmer 3.0 44
R 12 TCPs Fek 7 R IRAE A S X
2 RN ST AR ZRE TCPs 2K _EJiF 2 000 bp
WEsT 75, WRIEEREE= TCPs HE)T75%
EIIER 1), BLR TR DNA JyBihk, FIH &
R EEEY 1 57 R 2E TCPs IR 3 T 1 BL, 8
PCE2-TA BARFF ALK AT RS2 AS R PR 1%
TEAFBATI, IG5 T RS TCPs JAsh 1751,
iH3t PlantCARE (http://bioinformatics.psb.ugent.be/
webtools/plantcare/html/)7F £ % 346 X} 5% 7 AR 22 TCPs
J& 1 AU AT TN, A A TBtools #E 47 AT 4L
HT.

H R BiE5IFFA (537

NETIFFA (5'~3%)

Reverse primer sequence

CTACCCACATCCTGCTGGTCTGAAG
TCTTCTTCCTTCTGCGGTTCCATTC
GTGGACTCATCTCTCGATTGACGGT
GACCTTCTTCATCTTCTTCCTCGCT
GGGCGTCAGAGGTAGACATAGAGCT
GCTTGGGATCCATTGGAAAACAGAG
GAGAGAGAGACTTCTAGGGTTTTAT
CTCGGACATCTTGAAGAGAACCCTA
TTGTTTGGTGGAGAGTCTTGGGTAG
CGCCATTAATAGCCGTTGATTTCGA
ATGTGCGTATGTATATCTATCGTCG

Gene Forward primer sequences
MsTCPS CATTGGACCCACCCCTATTTGATTA
MsTCP9-a ATTTAGGAGAGCCTGCATATCAACC
MsTCP4 TGCACACTTCATGCCTGAGTTCCTA
MsTCP9-b CTGCTACGCTGATAGAAGTTGGAAG
MsTCP7-a CTGCTTGCGCCTACAACTACCCATA
MsTCP20-b AATAATAGCATGCAGGGGAGAGAAA
MsTCP11 GTATTTAGGCATGTCCTGAAGTTTC
MsTCP19 TTCAACGAGACGAACAAGAAATCCT
MsTCP7-b AGTCGTGATTCTACTAGTGCGCAAG
MsTCP2 CGGGGCTTTGGATCAAGATTATATT
MsTCPI15 TCTCTCTGTAGTAAGCAAGTGGTGA
1.6 TCPs TEIERA A T BIRIE 74T

FERE A IR 12 5T R 22 TCPs FE [ 1Y)
FPKM HiEEH4E, BCFHEEH A TBtools Hf:
AT H— 64, FIH HeatMap L B2l #4E HR
Pt B A5 R, IRAEE AR S 5 A1 15 K
I 2 15 B 4 — U JE R AT S 2 8 B S
KA RNA $2 0GR G52 DU 5 RNA,  FIH
S8 3R AT EE 1 B cDNA & . MR 5
TRZE AL, FIH Premier 5.0 BAFBETHEF

FHBIIGEE 2), =T AR EFl-a B:NAE NN S5
PRI 124231 5| W38 A8 B AE ) o m) EAT A k. A
Light Cycler 48011 (Roche){X #3#E 1T B 193 K % 6
JE i qQRT-PCR Rk 70 #r o SLf 2 & R AR R N
10 uL, fL%% 2 uL cDNA. 5 uL BCG qPCR Master
Mix. b+ F##F5%(10 umol/L)#% 0.4 uL. ddH>O
WhEZE 10uL, WE I NER. RMNEFN: 95C
TRAEPE 30s, SRJ5 95 CA&MESs, 58 C30s, 3k
40 MEFR . [ NFEF ARG, 65 C~95 ‘CHERE 0.2 s
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Table 2 Primers for gqRT-PCR

HF EiiE 51 41(5~3) TSI MFSI("~3Y
Gene Forward primer sequences Reverse primer sequence
MsTCP8 CCGCCCTCAATGCTTACAACA CTCCACTATCTGCTCCTCCTT

MsTCP9-a AACCGCAGAAGGAAGAAGAAG GTGGATGGAGGAGGAGAAAGG
MsTCP9-b AACGGCTGCGATGGGTGCTT GGTTGCGGGAGGGTTGTGGT
MsTCP7-a GGCAGCTCCAGTTACAACCC ACGTGCGGCACAGATGATAG
MsTCP19 GATGTGGTGAAAGTGGAGGTG TGCTGAGCTGCATTATGGGTC
MsTCP2 GCTGCCGATGCTATTGCTGAG CTGCTGCTGCTGTTGTTGCTG
MsTCP1S5 CTGAGGATGAGGAGCGAGTG CAGCGTTTGGTTGAGGGAGT
EFl-a GATGATTCCAACCAAGCCCA CACCCACTGCAACAGTCTGG
PRV R ZR, SR 22T iETH R H IR AN R 2.2 TCPs RGEBHE AT

155 . FIF SigmaPlot 14 #4742, SPSS 24.0 1T
BEVESNT, RAMILFEA  RRET HEL, B
PEKT24 0.05.

2 SR

2.1 TCPs K% 5 KEAEAR 73t

BT RT AL HSEE, AN EN 12
A TCPs 3£ . FIFH ExPASy Xf 12 M55k 2% TCPs
AT EER S E . S A T EH IR
3T, SRR TCPs B Y VE R AEE IR 2 57
FIERE E £ /& MsTCP19, 4 558 MR IERR,
FIEREE D & MSTCP11, B8 228 MR,
Z5H 5N 6.24 (MSTCP11)~9.98 (MsTCP7-b); 41
4 23.7 (MSsTCP11)~52.7 kDa (MsTCP8); 12 4
TCPs HH¥IAAREERD. FKEED. W4
SENLTRINGE RFB, 12 4> TCPs ¥ i T anitz, H
Fi MsTCP20-a, MsTCP20-b ifs 5& {7 T -4 44 (3 3).

#3 BTARE TCPs RAFEAGFR

Table 3 Basic information of T7CPs in Magnolia sinostellata

FIH MEGA6.0 AR TR JUFTT. 7KAE
B K 24 1) TCPs ZHERR T AIHHATRIE, SRFHANHE
PR RGR BN E 1), SREH, k=
TCPs & 72 A[#% 53 M Class T Fll Class 1T PR, HrAp
Class 1 2565 10 4~ TCPs i1, Class II 25
TCPs i, H. Class 1 H1f#] CYC/TB1 WK KI5 T
AR TCP i IEAk, ST TCPY &A AN AR
FEK MsTCP9-a/MsTCP9-b; TCP20 &4 Wi IR
MsTCP20-a/MsTCP20-b; TCP7 45 /™ A
MsTCP7-a/MsTCP7-b.

2.3 TCPs &AM F 5T Lk

FIF Clustal Omega T-E K 12 4> 5t 7K 2% TCPs
QIR T AT X i (B 2), 45 REEH 12 4
TCPs B4 1 N5 TCP 45k38, BV AR ST
LA g7 f e - PR -8 iE (bHLH) 55 #4038 . /£ TCP &%
P I 13 A PRSI SR, Horh Basic X
a8 A, R RER . Basic XiEH, 10 4
TCPs Z LR 7 71 H I 4 AN LR K%, J& T Class

3 CE I T prm o) AEEEI EWEL pso T
Gene Amino acid PI Molecular weight index index GRAVY Subcellular localization
MsTCPS 504 7.38 52 689.45 55.94 65.44 —0.508 Nucleus
MsTCP9-a 358 6.62 38340.07 65.33 65.47 —0.589 Nucleus
MsTCP4 401 6.46 43 701.05 62.62 59.03 —0.754 Nucleus
MsTCP9-b 343 9.26 36497.17 68.10 68.60 —0.537 Nucleus
MsTCP7-a 283 9.55 29 827.80 56.59 83.14 —0.195 Nucleus
MsTCP20-a 333 9.51 35457.12 52.71 76.55 -0.476 Chloroplast/Nucleus
MsTCP20-b 311 9.36 32763.84 50.39 70.26 -0.463 Chloroplast/Nucleus
MsTCP11 228 6.24 23703.30 68.91 65.09 -0.512 Nucleus
MsTCP19 558 6.35 61001.02 56.22 71.31 —0.595 Nucleus
MsTCP7-b 292 9.98 31 058.02 65.78 73.25 —0.469 Nucleus
MsTCP2 458 6.74 49 716.56 60.46 58.49 —0.805 Nucleus
MsTCP15 359 7.97 38 712.89 56.55 55.26 —0.682 Nucleus
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Fig. 1 Phylogenetic tree of TCPs in Magnolia sinostellata (Ms), Arabidopsis thaliana (At), Oryza sativa (Os) and M. biondii (Mb)
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MsTCP8
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MsTCP7-b P HIS--cccemeans TSTSTAL
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MsTCP2 RLLAWQSSRIFR

Consensus

MsTCP19 G L L p A GTVPA | ATYVDG P SGRRBRR - - - - - e oo oo | UAP 437
MsTCP9-a . WL L VA V A VDGTLKIPTQSPAGE -DGSKIKR - - = - - - - - - - - -~ - LAP 220
MsTCP9-b 4 L A A A STIKIPTQTSSTAEEGSRERR- - - - - - - - - - \;‘ - LAP 207

MsTCP15 1 L A c FTSLNISLRSSEBSSMSAP- - LRS- - - - - L F 168

MsTCP20-a lle c) LQQA A c ALAA- A 3s8vsABLHQRIDE------- p i 218
MsTCP20-b ] L AA : vLfe ] B LWP
MsTCP11 1| ] LRHA 1A A 3SAGP PAPP 6------- QS- - VVGLDG 191
MsTCP8 € J AATGTG F P
MsTCP7-a

MsTCP7-b | L LRQAEP AA L AK-DD- -8ss 204
MsTCP4 [eYDRP AKAAIIDEILAE - - - - - - - - - P | HSQQQGN - TDTABKKP 153
MsTCP2 P A AADAIJAELPS - - - - - - - - - - -BRVES------- [lGkaH-------- QMQQQQQQQLESLTKST 170

Consensus

HKSDGET| EWWLLQQAEPAI|I AATGTGT | PASATSLD++LRS+SQSSS+SAG++HKR+PHTL+PA+LALG+++G+RSDW+M+G+QQQGR++LSTGLAP

& 2 §FAR2% TCPs IR IERR T 5%t

Fig. 2 Alignment of TCPs amino acid sequence in Magnolia sinostellata

I2%, MsTCP4 5 MSTCP2 J& T Class I1 2%, Class I 412 [A {5 M8 s
KR F Y5 Class 11 B R FHI7E Helix 1. 2.4 TCPs FIEF AR F &S
Loop /& Helix IT X457 75K, H. Class I K2 51K HFIFH MEME fE£E T B 6 5 7 K 22 TCPs 25 H i
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ITARSF RT3 M, Horb motifl Jy TCP 45#)38, 17
TET 12 4> TCPs B 4. 5t TR 22 TCPs & H ]
ST AR — B 2 R, AF TCP U & A
AFMRFEET, AHSRS 8RBT IR B AHBLY
R5FHET, W MSTCP9-a 5 MsTCP9-b. MsTCP7-a
£j MsTCP7-b-MsTCP20-a 5 MsTCP20-b. ] NCBI
CDD T H X 55 K22 TCPs £ BT 4R 7 45 3 4y
B, GRFEH TCP 45iK, J& T TCP %
K7 KR (B 3).
2.5 TCPs a3 F 5o & KB AE F o4 1

I RGRE AR e R, AR @Y 2
FEE TCPs RIVEIER JE 30 1 5 51514, FIH

FUT R 22 DNA fE VR, B MsTCP20-a RREAER
HFEREZFILE R TCP FEHEF SN, HRpFT A=
TCPs H: 535K F A5 50 B 1 7 vE 9 38 21 8 20 7 1
B, 0 AT R (B 4), &8 pCE2-TA 3
s, POEBHE R IR A AT, WFERS5HE
K= TCPs JR3)¥ )7 5 ILHC EE 3515 ) 95%LA .
FIH PlantCARE X5t T K % TCPs J& 3l 14T
N TP, RPN ERZ, B
AET T TCPs ZKIGR A, B TCPs I K
AT RS2 BN AR IR AT, 596 R R
FCTRZE TCPs FKIEMERRIL, A KR Bk .
AR KR FBEER 5 KBBE MM o

Motif 9
mstcps | ;- H = Mot |
N Wk e,
ot1
73 MsTCP15 . MOIif:S
Bl Motif 4
MsTCP7-a —— - Nouts
0 106[ MOIifﬁ
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— — TCP
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0 100 200 300 400 500 600 O 100 200 300 400 500 600
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Fig. 3 TCPs conserved domains and motifs in Magnolia sinostellata

M TCP8 TCP9-a TCP4 TCP9-b TCP7-a TCP20-b TCPIl TCP19 TCP7-b TCP2 TCPI5

2000 bp

1000 bp
750 bp [—
500 bp [EE—

250 bp

100 bp

& 4 SR TCPs ) TH PCR ¥ 14

Fig. 4 PCR amplification of TCPs promoters in Magnolia sinostellata
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fEAET TCPs ZERJE BT, VEBHIENT TCPs Jk
R AT BeAEAEIE E IR E R o BbAh, AIKIR I B ok
(CCGAAA). 4 Ji B 4% 04 (TCCAACGGT)+
I3 R T (GCCACT) K E AR

JCIF(GATGACATGG). B8 A0 oA mi 5 7644 (AT T-
CTCTAAC)SA74ET TCPs He G5 b, FW&
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Fig. 5 Cis-acting element prediction of TCPs promoters in Magnolia sinostellata
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