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IPERTCPERERIELE S HrTCP12B9ThBEFIIR

TE REN HRT
(WA T AL & Fh 4 B 8 g S0 2, MOR B S A S B E E K TR O, RS T IRTE Fhmkia R e,
PRATES I8 45 B P20 0 RS0 2, SERTE T B P AR A7) TR [ SOMROP AN 5 [ =) o p S
MR SE AR, LMol RS, J6 5 100083)

e 7 ¥R(Hippophae rhamnoides L)VE # 242 B B b9 & 2454, R 2 S ANATURHA 549
FI AL, LR, ST RFMAP GO BHIATH R RRZRE T —NERERE, MTCPARE Rk
B KL F RS F b B AR R RAR R EAAY A BE T YA E TR, ZARE
T4 W EF LA TIRINE, AR T IR TCPIL R Kok, FBM T L ebadtt. A0k TH
) 2850 H5 T i 1B 204NV R TCPAR B, FFid i AL A7 39 4 Class [(PCFIE 4% )4 Class I(CYC/TB1E
#H B CINE % ). A &K I, Class 1335 69 TCPLE A3k atE X LU Class 13275 % 4R F RURER. % &4k
FALR T, WIRTCPR 3N AL EAR LA 13, BACH R 547 & B 7R TCP Rk % #0% @ 257K
WAL TF @iz, BT RINT L IVRTCPRAR A 4B, KL, M E (2o ABA)B A
BARMK TG &, BT T UMRTCPRAEASL % TR, XM T T IRTCPAR L
B~ RG] 2R T M, BRAT KEZhA AR AL/ F BRI RN s R eREL TS,
AL AE T AR B, CYC/TBI I3k 2 B HrTCP 1245 %) Fa 3 b 3 £ GA, 2 430 4s £ A 8K, BT
IR SHEK T W Th e, LR ATiE £ HrTCPI2FHrTCP18 .2 45 T A%, A4t e B F4F 1.
JE 84k b it R A HrTCP12 S -4 | 4t - A 4B 47 75 Ve B B PagWUS1/269 &G4 | - Bde 7 i@ ity
B A RIIRAE AR T AR 2RI R L858 B A S T WRTCPA R Rk i, 75+
CYC/TBI Lk A B #AT T FBAER AT, KILT Ha i B4 9 BB L2UF i R R AR AE, R A LT
HrTCPI123p R it o3 A 4R 485 VR R R, 4 A )RR TAZ B B R AR AT AR A3 T 1R LA

KR VB TCPREFR KR, AWME B2 SRRV #r; FRs o #r
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Abstract Sea buckthorn (Hippophae rhamnoides L.), as an important plant of medicinal and food origin,
its fruits are highly utilised in several fields. In recent years, the improvement of branching of economic tree species
is an important way to increase its fruit yield. While the TCP gene family has a key role in regulating growth and

development and response to adversity, its family members have important roles in plant meristem development.
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In this study, the TCP gene family in sea buckthorn was systematically identified and its functional properties were
resolved through bioinformatics combined with experimental validation. In this study, 29 TCP genes were identified
in sea buckthorn based on genomic data. Phylogenetic analysis classified them into Class I (PCF subfamily) and
Class II (CYC/TB1 and CIN subfamilies). Notably, the TCP domain’s basic region in Class II contained four addi-
tional conserved amino acids compared to Class I. Chromosomal localisation showed that the family members were
unevenly distributed on chromosomes, and physicochemical analyses showed that most of the proteins of the sea
buckthorn TCP family were hydrophilic and localised in the nucleus. Promoter analysis revealed that the promot-
ers of the family members were enriched in light-responsive, hormone (e.g., ABA) and stress-related cis-elements,
suggesting their involvement in multiple regulatory networks. Covariance analysis revealed extensive evolutionary
conservation of the sea buckthorn TCP genes with Arabidopsis thaliana and date, and the family expansion was
dominated by trans-chromosomal duplications driven by whole-genome duplication/segmental duplication. Tissue-
specific expression showed that the CYC/TB1 subfamily gene HrTCP12 was highly expressed in thorns and lateral
shoots, with lower expression in the rest of the site, implying its function in regulating meristem development. Sub-
cellular localisation confirmed that HrTCP12 and HrTCP18 were predominantly localised in the nucleus, consistent
with transcription factor identity. Overexpression of H¥TCP12 in 84k poplar significantly inhibited the expression
of the active genes PagWUS1/2 in the meristematic tissue of poplar, which preliminarily verified its conserved
mechanism of regulating plant meristems by inhibiting lateral shoot growth. In this study, TCP gene family in sea
buckthorn was identified at a genome-wide scale and the expression patterns of the CYC/TB1 subfamily genes were
analysed. It was found that their members exhibit obvious tissue-specific expression characteristics. Additionally,
HrTCP12 was found to inhibit the expression of active genes in the meristematic tissue of poplar, offering candidate
genes for the improvement of meristematic characteristics in sea buckthorn using genetic approaches.

Keywords  sea buckthorn; TCP gene family; bioinformatics; synteny analysis; expression pattern analysis
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H BRC 1 J FL 7] Y5 J2 K 5 26 10 AR BEROIR 75 k2 B 9%
P ] 24262032550 B ARHIF LA /D (H BRC2AE R
SEHL ALK 5 BRCIThEE U, B 7]
RESZ AR R & . AWHFCIESE, BRC2E IR
B AAAE B 4y 2% B W R 14 R E H gy v Al B P A
B8 FEARAYI T, ZIhAE T E 2 I H BT
Wl . I ER I (Populus trichocarpa)
W, BRC2ZEELR A tH B3 Y T e, CRISPREFR
PtBRC2SH N 4K BEREZERT . M EZEH L,
U B L T REAE 22 FAE ) 2R B o AN 58 A R s 30,

TCPE: R FRANE N m SRR A 3 s R 7 5K
W, R T 2 S 5 BRI A KR B AT
FRCRIETERIT TR A . MZE R AR B R
FHIHL BLTRMR B WRESHS. R,
A R RS A R BT, TCPSE IR SR M R 53 R
PEDNALE & 5B — L5 AN, 43 N Class I(TCP-
P/PCF)#fl Class II(TCP-C)H AL S ji%k ), Class 11EL
Class I/£ TCPEE I IR X I8 22 4/ sF = Ok
1%, H.Class IV 8 AR SET C-dim X 48T — MR
KNI RE 1) REEHIE, 1RG5 T 22 T8 il — MR e
&t 5EAEAME. RIEIEX M bHLHS 2
FRIIAS [P Class TS5 — 2 K1 73 CYC/TB1A!
CINWEZE, HoAt CYC/TB U FAENVIRE A [R50 5 204,
X A E K TBI. WS BRCI2, StaYpHh
AR B A RN,

Y5 T TCPEERITEA [F] (1 AR W 72 Hh ) G BEAE F
TR LR T B R ) 52 O, X AN R ik
CLAAE S FIEY) (R R AR TR ) 5 e ok,
BIREA202 N A BT OC TV BTCP A R 5Kk
(1 R G4 5 Mo b, kS 45 WS b TCP
FIEHAT T %08, (R e E R P O T &
(Ziziphus jujuba Mill.). JKFEIIES 7> TCPA IR AT
Xt , 4 FAN S e B 22N TCPE R A , 4 7e 45
B AT . AW TR BT AEYIE B TR R
A 2L 315 R PR VD o TCP R PR SR pl i b AT 5 2, IFxt
KRGS R RS RFHE . B3 T oot
et i, EAMET . M X REIT N, BIE
NV IRTCPE: R ) Th R R LA FIE B

1 MR575E%
1.1 #IEIREN
M 5K B TR AR A K - 5 (CNGBdb)

(https://ftp.cngb.org/pub/CNSA/data2/CNP0001846/
CNS0383685/CNA0022752/) T & /b Mok 1) i [K] 4 7
BEAE BT FI A (gff SCHF ). CDSFAISCAE . BRI
fasta SCAF AL 91 SCA (pep S ) o AR TTTH 2
T T VR BOT) TCPRE R S s R A RS
BB (SO ) MIFE R 4 fastaSCA o 7E Pfam#
P5 & (http://pfam.xfam.org/) 1 ## Z TCPJE K F R AH
JS2 {4 Pfam#i 5 : PF03634, T 4 TCP45 #3800k ¥ f &
LR A] KA (hidden Markov model, & H HMM L
hmm).
1.2 SEEEHFRL R

AW TR VD BAE YA RER B N IR IX
5 2 g M B RS AT, RV AN
JERRR AL FAAL R SR b

A RN AR HGR 77 & 0 S 8 5l R & 5 R
RANBHAE PR~ 7 5 i mSkGR G e B e A
WA A A B A A ; TB Green Premix Ex Tag™
I1 FAST qPCRiRF & W H TaKaRaA w ; KIgHF
DHS /g5 45 DL KT B GV3 10 B2 250 [ Jb it 3
BRI B IR A
1.3 IPBRTCPEHRIER RARIEE

FEVD IR 3 8 b, M R 8K TCP X xS
JS2FK] TCP &S M I B Sy 7R W] RAR R, FE VD R B 4
P 2 TP AT Hmmer e 28, DL efH <0.00 1 hRiE, £Fk
HEH, RGP TCP AR5 i 7 -

it —+5 F TBtoolsi# {7 BlastEb X}, = E LI
) TCP#E H ¢ #1 A vb ik i 22 5 7 91 3647 BlastEL X,
RIS R L E L, R RERIDTCPEH
B K FEH ID. F A TCPE (A P SRV AR A 5
FUREAT IR R A

NORIES R BIAERTE , # LR 15 20/ 3Tk
45 R 2 PlamfELL TR, iz e ¢ A1 1) 46 74
SRR AT EEXS RN . [RI, dE R NCBIRIEZ T A
Batch CD-Search(https://www.ncbi.nlm.nih.gov/Struc-
ture/bwrpsb/bwrpsb.cgi) W5 1 85 [ AT IR 5T 45 #4935k
W, ERREA TCPIRST S B, BUR AR AR
TCPH B S5 M P B E e 25 45 2R
1.4 DERTCPZR IR BRI B

{8 F TBtools®fF XS b R B TCP 2 A #E47 Hi4L
PER 20 #r, i ZE£6 %55 WoLF PSORT (https://wolf-
psort.hge.jp/ )X ¥P IR TCP 5k B U 33E AT V.41 Jfd 5 o7
T o
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1.5 WRTCPRERSZAXE . Motif. Domain,
EEE D

SR U E A DR TCP SR ALY
FI MAFFT v7(https://mafft.cbrc.jp/alignment/software/)
X TCP A X 5 ¥ CDS 7 5 18R 11 34T 22 17 51
et F#E 2k T Gblock 0.91b(http:/www.phylogeny.
fr/one task.cgi?task type=gblocks)P'%f L X f5 F) CDS
FPAHEAT FR AR ST X A $E, 19 207D IR TCPR A
{1 CDSTRSFIX 41, K Hoxd Ja i 8 B 7 471 A% 22 ESP-
ript3.0/X355 (https://espript.ibep. fi/ESPript/ESPript/) 24T
. R 2K CDSERST 7518 ] DAMBE# /534
BT IR E A R SG . ARG ), {3 HIMM-
Tgui KA H 1 MrModeltesti# AT fe (A% TR B AR Y
AR, WEREAICES I R ALY, BEAT 5 SRt
o MR R R SR AL IR B AU, I MRBAYES
eI HEAL I, MRBAY ESH AU S HUMIA N T

BEGIN MRBAYES;

*Lset nst=6 rates=gamma;

*Prset statefreqpr=fixed(equal);

mcme ngen=2 000 000 printfreq=1 000 sample-
freq=100 nchains=4 savebrlens=yes;

sumt contype=allcompat burnin=2 000;

END;

* 9 MrModeltest T 5 Hi ) f 4% 1 8L 5 AR

FIATE 268 MEMES.5.7(https://meme-suite.
org/meme/)XF YD HE TCPEE H F R 57 MotifiE4T 4 #7,
Motif )% H 5820, RS HONERIME, 153145
R H TBtools# A7 mT AL . 18 F TBtools# A xf ¥
R TCP G B 2 AT FE R 544 43 A o @ i NCBIHY
7£ 28 T H Batch CD-Search(https://www.ncbi.nlm.
nih.gov/Structure/bwrpsb/bwrpsb.cgi)X} ¥ TCP
= EEAT RTS8, H TBtools# 47 7] #iL4L
EE.

1.6 WERTCPZRIRINNAER T4

15 H TBtools# 44 B b ok 4= 5= [R 40 v i A7
[A 2 4R 25 9 1 37 2 000 bp i JE sh 7741 . Bfi5
ETOCECMTCPHEIEMNER, N EIRFZEE
2 B R 40 S5 B SO R ik HY TCP 2 BRI B 1)
FFIFH . FIREH TCPER G 3 7 /7 AL 2
PlantCarefE £& T~ 5 (https://bioinformatics.psb.ugent.
be/webtools/plantcare/html/)H#E47 I 20 AE FH ST A4 T

15 J5 A FH TBtools B A4 I A4 J& 3l 7 i =X AE FH oo 14
()3 A 15 D o
1.7 WRTCPHRIR RGN RIITE

FRYE 1.5 H DUt ik ) i@ D ik TCP R Ak
W T732%, AU TR 24 N TCPE I L . 214N TCP
R B 3 R i B 248 45 58 BN 1) 294 TCP SR AR 53
1T RGN, I8 H FigTree v1.4.5FIEL T A
iTOL(https:/itol.embl.de/upload.cgi)> ' 15 21| f) 314
W EAT ZEAL .
1.8 PRTCPHRIER B IREM R ILL M D4

FRAE VD WL PR 2H g (SO 3R A3V R TC P & [R £E G
ek A B AE B, EH TBrools B #E4T AT Ak 22
K.

M T ERV B, T REENA R, d
1L TBtoolsfJOne Step MCScanf H i3k 47 I 2814 53 #r,
FI| F Advanced Circos* FL 2k 4 25 AT nT A4k .
1.9 CYC/TB1X&EFRIERN T

CYC/TBLIL R A 5 0 KB
K, NVIEH AL A E VD R RO B R I ThRE,
T SEI 2¢O E BN CYC/TBV R () ik d Rt 474>
HTo FH RNA Easy Fastii #2021 RNAPGESEER ]
& [DP452, RARAEMEHS: Ab) AR A R 1B TR
Jiik, EHPHR . 2. . RBEPIHE, T, R
B 2 R 2 DA R SR SRS RNA. - ) P FastKing—572:
BRI 2 cDNAZE —BEA PR IR [KR118-02, KAR
RN A6 A R AR 1317 cDNAG . fiH TB
Green® Premix Ex Tag™ II(Tli RNaseH Plus)(TaKaRa, H
A7 &5 A S 7500 Fast Real-Time PCR System(ABI, 5%
] YT SR 9% % 5 B PCR(RT-qPCR), #%£4% HrACTIN
NN Z K, {4 H Primer Premier 6% 11 RT-qPCR 5|4
(# 1) RT-qPCRIMAKZR N 10 pL: 1.0 pL cDNARRAR
(100 ng), v FIE514950.4 uL(10 pmol/L), 0.2 pL Rox
Reference Dye 11, 5 puL 2% Green Premix Ex Taq™ II, 3 puL
ddH,0. KL A: 95 °CTIAENE30 s; B JE #E47 407
TEFR I 1895 °CARES s, 56 °CIR K/AEAH34 s); e iE
TTIER I ZE 73BT (95 °CAEHE S s, 60 °CIB K1 min, 95 °C
AFNE30 s)B, A FH2 205 H 3 IR (R AR 0A
&, B B4 E S, T Graphpad Prism 9.5+
BT
1.10 Y4RpaEL

TEY o geE RS @R B F 2, & H
WA BB ZE K B RO SR AR, AR L, 4
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I TCPRK e b2 BRCI(TCP18) T Wi i 3 46 & % Fh
55 R FERE Y (1) 3 A P78 ARHE 5038 I Blastlbt
X, # 3 T ¥kt BRCIFBRC2HI[FIPE LA, 235109
Hiprhalgene23642F1 Hiprhalgene07913, 7£ i {4
W, R 78T EE, Kl ar 48 T HrTCP18HI
HrTCP12. W5 1.9F 7771, $2 D MU RNAFE G
FcDNA, LLE K pCAM-BIA1300 /985 48, %% Xba 1
M Kpn UABFVIAL AL, ARAE ALK 1) CDS 741, %
THEBRZOEE T HAr A IO s 517 (& 1), LA
BRI cDNACH AR , 974 HrTCPISFI HrTCP12
) CDSF 4. ]l Xba TFI Kpn T3 4li4k 5 B pCAM-
BIA 130050 RLEAT B, >R A6 =5 201 AR 53 il
HrTCP18F1 HrTCP123 %2 % Xba U Kpn 1EGYI 55
Z 6], ) VA i 6 3844, i 44 9 pCAMBIA1300-
MASPro::HrTCP18-eGFP-Tnos 1 pCAMBIA1300-
MASPro::HrTCP12-eGFP-Tnos. #E47 M 5756 30E j5 4%
PIAN B TR B AT G V3101, KSR E A
JF LA pCAMBIA 1300-MASPro::eGFP 4 # 44 [ 1
M5 & #2015 5 mCherry-NLSHIR AT H IR A 5
TS AN [RMAEL (Nicotiana benthamiana)i AT B %
ik, WREFR24 WG, P NOE R REFR24 h, THOLILE
BB N A I

1.11 HrTCPI2THEERIF SR

Y5 HT AW G, TCP12(BRC2)iE i 4% T i e
RI(WIHB53. WUS)HIFIE, B 43 AR 2205 M, FEL
27 PR BR S 7 M AR (Aol T B2, R TR AT
HrTCP12;2 % BAA FHLThRE, ARHE 1.10/N 515 21
HrTCPI21)CDSJF 4, DA R4 it Ji5 (1) pCAM-
BIA2301 844 )y B 48, 16 4% Kpn TR Sal DNBEVIAL AL,
WAt Bk B (3 1), I Kpn TR1Sal T4tk J5
(1) pCAMBIA2301 i KLk A7 B 1), >R H [A) U5 2 2 157
R4 HrTCP123%4% %5 Kpn TR Sal TEFYIA7 £ 2 18], ¥
5 R IE H AR pCAMBIA2301-35S::HrTCP12-T35S-
35S::GUS-Tnos, #MA&#ATIT 2 J5 A 2 R AT
GV3101. KHRIEN SR EEG HrTCP121E
FILBARFEAL 2 84kH, X L INREHHATIONE . XLk
JE AN E ZF AT HEAR S 7%, R8T GUSHL 5 DL I
DNAZKF-H) PCREFAT FHME L AR 1) %52« AR
I VOFT/R 7725, BRI J55 DR PH M AR AR AN T A R AR R
MRy ZE. HFIZEIRNA, 58 licDNA, #EH1TRT-
qPCR4IHT

L S5 IF AtHBS 3 AtWUSHEAT BlastEb X,
EX AL R TE 84kA7 I [RIYREFE K], {3 Primer
Premier 68 1F 1311 RT-qPCR 5|4 (5 1), LLACTIN ;g

%=1

51451

Table 1 Primer sequences

B JPES

Gene name

LWEEI(5—3)

Forward primer (5'—3")

TIN5 —3")

Reverse primer (5'—3")

&
Application

HrTCP18-eGFP

HrTCP12-eGFP

HrTCP12-OE GAG AGG ACA GAG CTC GGT ACC ATG
TTC CCT TCT AGC TAT AGC AATATT C
qHrACTIN AGG CTT GCT TGA TGA GTC CAA
qHiprhalgene23642  ATT TGA GGC TCC CAA GTT GTT G
qHiprhalgene07913 GGG CAAATT CCG AGG ATG ATT T
qHiprhalgene22920  CGC CAC CGT TTC TGC TAT GA
qHiprhalgene02974  AAC TCA GCG GCG ACAACATA
qHiprhalgene21792 ~ ACAATT CCAACGACG CCATTAC
qPagACTIN CTC CAT CAT GAAATG CGATG
qPagHB53a ACCACGACGAAG GCGAAAGAAG
qPagHB53b CCG AAG GGC AAG GTG GAAGAAC
qPagWUS1 TGG TGA GGA CAT CAG CAGCTCT

qPagWUS2

ATA CAC CAAATC GAC TCT AGA ATG
GAG TTA TCA GCT AAT AAT ACT GAT-
CAT

ATA CAC CAAATC GAC TCT AGA ATG
TTC CCT TCT AGC TAT AGC AAT ATT C

GCG GTT ACT GTT GGG CAA GCA

GCC CTT GCT CAC CAT GGT ACC
TGG ATC CAT GTT TTG CCA

GCC CTT GCT CAC CAT GGT ACC
GTAATT GGC ACT AGC ATAATT GC

AAA GCATGC CTG CAG GTC GAC
TTA GTAATT GGC ACT AGC ATA ATT
GC

CGCTTC CTC ACC ACA GAT GAA
GAG GAG GAA GCACTT GTAAGG A
GCT GAG ATG GCT GCT TCA CA
ACCCTTCGATCC CTTAGT CCAT
GTC ATT TCCAACACACCT CCAA
AACAGCAGCTTCAGTACATTCC
TTG GGG CTA GTG CTGAGATT
AAC GGCAAC TTG GCG AGG ATC
TGAACT GGG ACT GCT GGT GGA A
GGT CCA GGG AAGTAC GGGAAGT
TCA GCG GCTTCC TGG TCTTGA T

Construction of subcellular

localization vector

Construction of subcellular

localization vector

Overexpression vector

Gene expression analysis
Gene expression analysis
Gene expression analysis
Gene expression analysis
Gene expression analysis
Gene expression analysis
Gene expression analysis
Gene expression analysis
Gene expression analysis
Gene expression analysis

Gene expression analysis
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WS LR, X5 SR 84k AtHB5 3R AtWUSIY) [
V5 FE RI3EAT RT-qPCRAM T, F 272k v B0 5 DR A 6
Tk &, FAFE R 4R E R, B Graphpad Prism
9.5 AT L

2 H#FR
2.1 PIRTCPRIEH RAILE

i Hmmerfa %, 193] 1 30/ Mxiz b B TCP &
A1, 18 A result]; 385300 RE 3 A& TCPA ik
B 53 HEAT Blastbbxf, 23 1330 7 304N s7AM i v
BETCPE 4, 4 51c N result2 Fll result3; ] Venn
B3NS SRS 4, 19212955 B TCPEE H P41,
e A resultd. X EIEDBE TCPER A5 51 147 <7 45 4
AT BEXT AR A, result] Fllresult2 5P &L 43 5l 4 [ —
A B A TCPIRSF S5 MK B 7 51, result3H 5
285 B A TCPR S 45 i3k M 2 17 41, B BRAS 75
TCPR PS5 7 %1 )5, result]l . result2fl result3
Tl 2 4 RAG U N BB 4y, B resultd, MM re-
sultd {125 F N B &K TCPR R 7t o PfamfE 2k T A
IR ST GRS FIR e 45 - — 8, EsE
T I A29 N TCPF il 2 I AT S
2.2 PERTCPZ iR & BB BT

187 TBtoolsH A% V0 ok TCP & 1 #h AT 3L )
TR, 15 FAEZE 935 WoLF PSORT bl TCP 51 it ik
A7 V.40 5 57 B . YDk TCP AR (A BRAL I J5R 40 7 45
RN, W TCPHE H 2 SR AL 1583598 2 [H], AH
X R FEAE 16 852.86F 66 713.122[] . 1£291M)
R TCPF Ak 2, & T HrTCP7AI HrTCP25 (1) 2K 1
JIAFEE BB T 40093 7 9 37.86F139.11), HH I
P da e A, oo 27N SO0 il 1 (1 4R 1 AN R E &R
KT 40, AT REAFRE . AL, YW TCPE
110 i 0 48 £ /N T 100, ST 3555 K M3 R 7 4L,
ULBR VD TCPEE SRk ML« HrTCP3 L 4H il i o7
TR AE M4 4K, HrTCPS A1 HrTCP25 .4 fifg 5& 37 T
TEAHMT, HAR26NTCP S i b V4 i 7 o7 T 5
TEAAZ(FR2).
23 IWERTCPRIERLAE . Motif. Domain,
ERELE D

O TCP R R 03 B 1 B e 45 R oR , 29
MR TCPE A I BRI TCPE M, 5
Class I[(CYC/TB1 A CIN)AH Lt , Class I(PCF)7E Basic
SERIE PR AN B ER(E1A).

YT VDR T CP S8 1 0 R <7 A% HF IR 5 480 v i s
ATATIS:, 45 R Iss<Iss.c H.P=0.000 O(PK H 2.3, 1 0H 7
I AR, &S E#M . Al MrModeltestH AIC
25 I B AEAZ TR B AR A2 Lset nst=6 rates=gamma;
Prset statefreqpr=dirichlet(1,1,1,1)¥ =LA, F-45 F
TBtools 4L # . Motif. Domain. & [K 451473 #r
4 Rer SRR (B 1B). 45 RVl TCP SR R
IS URSF 3L FF Motif 1, Class DIV Ji% 41 [ HrTCP3
M HrTCP25 4 HAt RS 53 35 546 Motif 141 Motif 2557,
Motif 2 A 435 7E Class IV, Bk HrTCP124} Class 11
V. R 5 3518 A Motif 1 RIMotif 33£ /5, Motif 3 R 73 Af
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Table 2 Physicochemical characterization of Hippophae rhamnoides TCP family proteins

K4 B KD REERE TR S ARE HeWifed  RCTPRBIsEK 0 E AR T
Gene name Gene ID Number Molecular Theo- E 4 Aliphatic Grand average of ~ Subcellular local-

of amino weight retical Instability index hydropathicity ization prediction

acids pl index
HrTCP1 Hiprhalgene02974 293 33374.26 8.73 53.45 66.96 —0.785 Nucleus
HrTCP2 Hiprhalgene03247 518 56 701.19 8.45 54.47 57.24 —-0.790 Nucleus
HrTCP3 Hiprhalgene05124 158 16 852.86 8.40 44.03 69.87 —-0.399 Chloroplast
HrTCP4 Hiprhalgene06036 370 41017.97 6.23 56.38 66.14 —0.751 Nucleus
HrTCPS Hiprhalgene08017 475 52272.15 6.87 52.78 62.67 —0.867 Nucleus
HrTCP6 Hiprhalgene11043 362 39 648.10 6.17 50.98 85.41 -0.216 Nucleus
HrTCP7 Hiprhalgenel12631 263 27 048.15 9.72 37.86 65.67 —0.364 Nucleus
HrTCP8 Hiprhalgene13434 598 66 713.12 6.80 56.61 67.36 —0.645 Cytoplasm
HrTCP9 Hiprhalgenel5464 397 44 633.58 8.96 46.19 62.64 —0.851 Nucleus
HrTCP10 Hiprhalgenel 6660 258 28 021.31 8.87 54.37 65.81 —0.649 Nucleus
HrTCP11 Hiprhalgene16695 425 46 338.29 7.01 57.44 61.11 —0.645 Nucleus
HrTCPI2 Hiprhalgene07913 427 48 727.01 6.16 56.02 63.72 —0.874 Nucleus
HrTCPI3 Hiprhalgenel7162 513 54 525.99 7.48 62.61 56.20 —0.660 Nucleus
HrTCP14 Hiprhalgene18380 264 2722441 9.40 44.87 66.52 —0.369 Nucleus
HrTCP15 Hiprhalgene21292 542 56 825.88 7.10 61.54 49.80 —0.720 Nucleus
HrTCP16 Hiprhalgene21792 321 36 603.45 6.32 60.92 60.47 —0.858 Nucleus
HrTCP17 Hiprhalgene22920 308 34781.54 6.31 51.35 65.91 —0.792 Nucleus
HrTCP18 Hiprhalgene23642 258 29 808.12 6.62 59.35 68.72 -0.978 Nucleus
HrTCP19 Hiprhalgene22975 413 43 815.00 6.24 47.05 68.50 -0.392 Nucleus
HrTCP20 Hiprhalgene23009 361 40 721.48 4.93 66.04 66.40 —0.857 Nucleus
HrTCP21 Hiprhalgene23509 344 38254.19 6.26 41.02 61.25 -0.734 Nucleus
HrTCP22 Hiprhalgene24581 427 47 018.59 6.84 51.93 59.20 —0.789 Nucleus
HrTCP23 Hiprhalgene26251 339 36 881.90 9.70 51.80 72.54 —0.421 Nucleus
HrTCP24 Hiprhalgene26869 570 64 096.01 7.23 53.03 64.35 -0.716 Nucleus
HrTCP25 Hiprhalgene27491 359 39453.84 7.58 39.11 83.65 —0.202 Cytoplasm
HrTCP26 Hiprhalgene28440 239 26 181.66 9.54 50.50 73.89 —0.554 Nucleus
HrTCP27 Hiprhalgene29165 314 36 123.43 8.41 56.97 78.28 —0.677 Nucleus
HrTCP28 Hiprhalgene30354 422 46 338.21 7.33 58.92 56.71 —0.748 Nucleus
HrTCP29 Hiprhalgene30468 379 41016.30 5.59 50.79 69.21 —0.426 Nucleus
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A: conserved structural domains of the TCP family; B: evolutionary tree, motif distribution, protein structural domain and gene struc ture of the TCP

family (from left to right); C: the conserved motifs of the TCP family.
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Fig.l Sequence alignment of protein conserved structural domains, phylogenetic tree, motif, domain, gene structure analyses,
and sequence logo plots of conserved motifs of Hippophae rhamnoides TCP gene family members
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A: TCP family evolutionary tree; B: TCP family cis-acting element distribution; C: bubble diagram of the number of different cis-acting elements in dif-

ferent member promoters; D: stacking diagram of the number of different kinds of cis-acting elements in different member promoters.
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Fig.2 Analysis of cis-acting elements of Hippophae rhamnoides TCP family
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From inside to outside are intraspecific covariance, GC skew, chromosomal gene density and GC content folding, and unknown base (N) distribution.
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Fig.5 Intraspecific covariance analysis of TCP family members in Hippophae rhamnoides
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Fig.6 Analysis of covariance among species of Hippophae rhamnoides, Arabidopsis thaliana, and Ziziphus jujuba TCP family members
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With the expression level of HrTCPI18 in leaves as the control (calibrated to 1.0-fold); different lowercase letters indicate significant difference at

P<0.05 level.
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Fig.7 Analysis of the CYC/TB1 subfamily of the TCP gene family of Hippophae rhamnoides via RT-qPCR
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Fig.8 Subcellular localization analysis of HrTCP18 and HrTCP12 gene
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A: schematic diagram of HrTCP12 overexpression vector; B: comparison of phenotypes between wild-type and overexpression plants; C: identification
of overexpression plants by GUS staining; D: identification of overexpression plants at the DNA level; M: DNA molecular weight marker (Marker); P:
positive control (positive transformant); WT: wild-type control (non-transgenic); H,O: no-template DNA negative control; OE-9, OE-30: independent
transgenic lines overexpressing the target gene (OE-9 and OE-30); E: detection of expression levels of the downstream genes of PagHB53a/b and Pag-
WUS1/2 in overexpression plants of H¥rTCP12; *P<0.05; **P<0.01; ***P<0.001; ****P<0.000 1; "*P>0.05, no significant difference.
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Fig.9 Schematic representation of HrTCP12 overexpression vectors and identification of transgenic plants
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