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BE TCPEAXGEAMWEAE N —REFHNFHIE, EHEWEKKE Kam g K EEZER. AEHE A%
(Bergenia purpurascens) BpTCPZERF KEMIIRE, 2T HS AN T HIR, FHAEME B2 075605 B 32BpTCPE K Kk
BT RGSE 50T JLEE B H161BpTCPERA, Rl 43 2 K3, AT BpTCPER L&A Ry I TCPL: I, HH R
BpTCPZE [ i & 3L /5 28 B AALL . HIAMR AT, R EIBpTCPEEE /LA R H 4 b ) R IA AP AEAE 22 5 o (IRIR B 21 R,
BpTCP10. BpTCP1FIBpTCP12{ 1A H B . 3 1k . BpTCPAE K Kk R /K 5 IR AR M) & B M St 40 ir o, 30
SrBpTCPEEH T IA 5 H AR MM F 2 MR BMY S BN R EMHR . HALERNRERNRABPTCPERES ARAEKKE .
R T e e S B AR AR G BRI AR R A ) D) BB E T R

XEIF A TCPERNRIR, REFKREE, EMFEES
WRydER, EJUR, FRE, B, ERR, RRTF, KREH (2026). A HRTCPIREH ZUK ) RIEH A BACH RIS 7. 1

Y#Hk 61, 26-36.

‘# F 3% (Bergenia purpurascens) i J& /g H- &k}
(Saxifragaceae)’s 1 3¢ J& (Bergenia), & — M st %
AR, FESATT AR, A KA
FAGEREE IS, BRI TEE R (A
F5AL4F, 2018). A EEH TN MR B (A8 =+
W, BORERN AT EASM S sk, JLHIE A
MR ARG AE A [ ARy i A PRl (Zhang
etal., 2018). M4k, & FESRAELG P A h Az M
H, HARRZEMA R T NY), FEHTIR7 WA
WA PR 22 GEAH 5P (2 DU, 2008). BT 9T K3, 4 A
KBTI AEYNETERY, WEBRER MR R &L
R, REAEGYIRTEATUE . PR PR SE
Z MRk (Zhang et al., 2011).

TCP & 1 5k & TR A 1) — S s IR -1 KR,
AR TANCOHEEMEAT: KA L XK(Zea
mays) ) TB1 (teosinte branched1). >k H & 1 ¥
(Antirrhinum majus)fJCYC (cycloidea) b 2 3k 5 7K
& (Oryza sativa) '] 3% 58 48 ffd Xl -1 f12 (PCF1 Al

Wodke H 391: 2025-01-16; #252 H#1: 2025-05-07

PCF2) (Cubas et al., 1999; Martin-Trillo and Cubas,
2010). KGRI 2059 aaZl I R ~F TCP4S
P38, % X I8 A IR TiE - 3 - 12 g (basic  helix-loop-
helix, bHLH)Z5 ¥, 2 5DNA%S & f1 — % 1k (Kosugi
and Ohashi, 1997). HR4E & 1 &5 13807 51 R AEFD R 42
KERZR, TCPERH FIERL 71 7] 4r AWK 533C: Class
IF1Class Il, Class I7FRPCFZ:TCP-P2%, Class I
NE—254r NCYCI/TB1RMICINIE 2., P88 A2 Al
o E N R IEE O AN TIEEE A R AETCP4,
P i o 7 44N & A R (Martin-Trillo and Cubas,
2010).

IR, TCPERNFREMMAEK KT L
B REEEAER . R I+ (Arabidopsis thaliana)
H, AtTCP16Z 548 1) 5. WK & (Takeda et al,,
2006); AtTCPLA47E M85 A ik 2 i 5 IR g i A=
7% JJ(Tatematsu et al., 2008); AtTCP20/2% 54 iy
3% AR I3 A ) P 22 2808 28 1) SL [R5 77 (Hervé
et al.,, 2009); AtTCP20RIAtTCP221E N F. /= 2 [A

FGIiH: B H ARG (No.31900164). 14 B 22l K2 FE Ml B 110125 45 & % 1 (No.2682023ZTPY073) Al 7 i 52 il K2 R A

il Zit-&I (SRTP) (N0.2024152, No.2024156)
* JWIfE# . E-mail: zhugkswjtu@yeah.net

© 0000 Chinese Bulletin of Botany



CCALRYBEOE R, XTI 5 0L B I+ A ol AR AR A H
(Wu et al., 2016). i (Pisum sativum)+ [JPsBRC1
J& T CYC/TB1KTCP ik 51, H JAL 5 il &ML (1) £
E % (Braun et al., 2012). It4h, TCP# RNt S 5
VI EAS 5 5 3 L 2 Fh AR AN AR A= ) el e B el 9
W4, Bl Hu A (Gossypium  hirsutum)f¥)GhTCP14f
VAP AR K 2R e LR Bk i 1 R DR (1) Rk (Wang et al.,
2013). AtTCP31] LAWIE A K R A5 5 FH i HE K 1AA3/
SHY2[## ik (Koyama et al., 2010). 7E3¢ % (Malus
domestica)t!, i #iAMATCPA46H] i MdABIS %
SR, AR SR v TR ) R M A0 T B e
Ptk (Liu et al., 2022).

124, XE BN 3 B TR L 2 BN (E AN
Ry, o F AR IR 41 2 7 T I RE D,
HIRGT 25 ISR T CPJRE R S5 A AH S 7 v R WARIE .
BT ZHTRAT I A H R s H 2 (Zhang et al.,
2023), A Fuil i A A5 S5 J7VE R 4 € H K Bp-
TCPIE R i A & AERALME R . FIHFAE . 4L
KAMBIXEAF AT 708, HIEBpTCP I K F ik
TR F SR AR K R B AV IR P 38 v 7 A ] B 1 A= 4 5
DhRE, FEor#T 7 BpTCP 3 [ Kk R 1A K 5 IR AR
WS B A, ik — B R BpTCP 2 A 5 ik
FE AR 42 v B4 B85 BB Al

1 #MH5ERE

1.1 EPR

B FEAE R YRR AR 5 00 )1 BN B, ol
ITS2FpsbA-trnH J7> 41| (1] JE 25 4 %5 5€ FIDNAJ3 - %
SE, WhINZAE Ay =44 %5 B 3¢ (Bergenia purpu-
rascens (Hook.f. et Thoms.) Engl.) (Zhang et al.,
2023). FRER S HRPE TR 1A =3:11 (viv)
R& L, 1E22°CHK H IR~ OB A 16/
[ /8 /NN BB, SRR ET0 umol-m™-sT )R FR . H A
SEIFPHLAMR . 25 ) S SR A 3 () i (Kb B L
4°C, KCERINE]: 67N ) A % s 4L B0 v AR DR B T
W 3845 (Zhang et al., 2023).

12 ABERTCPEEZRM AL EFELM R

M Pfam 2 9 5 % $0 95 FE (http://pfam.sanger.ac.uk/)
NARTCPLE H4k(PF03634) (1) i T /R ] KA AL (HMM)

f

Y.

k5 A F3K TCP B K SR IR IABE AR i 27

A, FHBAFHMMER 3.0 A 38 5 34 B0 1Y
E AT YRR TCPREA . b5 R EL T
E.NCBI CDD (https://www.ncbi.nim.nih.gov/cdd/)3:
UEBpTCP & H 45 i3k (1 58 8 1% . F) F EXPASY [ i
(https://www.ExPASy.org/) il lll BpTCP & [ i) 2 1k
PR, ST E. SRR, S2HRENR
IME . i FH Plant-mPLoc % 3 (http://www.csbio.sjtu.
edu.cn/bioinf/plant-multi/) 7l il BpTCP £ [ [ 3. 41 Jfd
SENL

1.3 ABXRTCPEENARGHEUXARRTERF
ST

MTAIR M % (https://www.arabidopsis.org/) T #40l i
24N TCPHE A & MK FEAE KB BT IR 9 3k (https://rice.
uga.edu/) F 8K FE22ANTCP 3 K 1E NS %, ]
DNAMAN 9.0% fFxtA 131 LR I+ MUKAE I TCP A
KT Z FP A be Xy, IR0 A MEGAT.0 K FH 21 4%
% (neighbor-joining method, NJ)# 171 000/~ 5| § &
HRMERFERKEN. FHMEMESEZ T. B (http://
alternate.meme-suite.org/tools/meme) il il BpTCP
HEAMGRSTIEF?, BORHEP IR E 100 I EZR M sk
tvbot (https://www.chiplot.online/tvbot.html) %} 3% 15
[k B R — D gmiR 20 (Xie et al., 2023), KXt
R AT 7 4 S AT AL

1.4 ABRTCPEEZIREREEMETN

fii I STRING % 4f% /% (https://string-db.org/) 4} 4 5%
TCPJ: DK 5 e J 0 1) B 1 4 AT HLAE 2
YR SHOE PG I, R{E N0.4.

1.5 ABRTCPEEZIREEALAFKENE
THRIAEX 2R

Fe T4 A SR SR Bl (Zhang et al., 2023), fii f
RSEM (http://deweylab.github.io/RSEM/) it & % Al
RIEKE, KRR RIE K EHNTPM (7
SEAIE JI)E . 8 TBtools (Chen et al., 2020)%
2RI UAE, RIXETPMIET T log kb3

1.6 RNARHFMRT-qPCRI&IE
$78 N B ZH ARG IR i 2 (JE PR E - 4°C, AL PRI [E]:
6/INE) A A SR T 2B 1 MGE R TR, He R
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FESE R, 8 20 2 By ) RNASE B R) & (R
W, REHFEERNA, B8 R 3R e COR R AR
W, HE)ERNASE: 5 9cDNA. BEFLIEH6MBpTCP
F N ##4TqRT-PCRIEGIE. LL18S rRNAAN A,
SZU6 B 510K Primer Premier 5.084F % 11(514
ERILMR). AN R IK KT R 274CT i (Livak and
Schmittgen, 2001)i5 .

1.7 ABRTCPEREZREFRIZKESREXKEH
SEHXSH

BT A AT AR R AR AR U 2 B (Zhu et
al., 2024), %2 AR, ZEFm & B AL R K 1201
WA, IR 4.0. 2% X BpTCP A I K jik
Fik B 5K & it T pearsontl <t 4, FIA
FELE I A tvbotx 45 AT AL .

2 HR55H

21 ABARTCPEREREMALERIEILMR
B SR L P S, R AT SE BETCPEs Hy g
(2 KR I N NBpTCP A Ik (i R A b i, L4 5E th

R FSETCPE R 5 1 AL 5 T30 43

16 1~BpTCPA:[A, 437l 4 ABpTCP1-BpTCP16.
XfBpTCPER [ (1 H Ak M B 2E AT T 43 A7 (R 1), 45 5%
R, BpTCP&E H KK JE A T-177-553 aaZ [H,
2 i (isoelectric point, PI)JLE ~5.45-9.71, EH
Jii 43 7 & I 19247.83-58720.35 Da, FifiBpT-
CPE FI SRR It~ ¥ E R 2 S, UL 3 Rk 1
HH . 40 E AL 5 % B, BpTCPHE H 447 T4 il
%, X ETCPH 3 A7 R B4 iz h R IE/EH —
o

22 ABXTCPEEREMARGHMXR
NT o HTE BRTCPE R Kk L 8 &, FIH
DNAMAN 9.0% 1% 0L B 7+ 24 AtTCPE: AL 7K 22
A~ OSTCP 4 [Fl il A BfF 72 v %5 52 2 (105 A 32164
BpTCPA N 1T £ Al tb X}, FH/EMEGA7.0H il i
RN R G E W (E) - ARHE R Gk A 146 +h
SEHE, 45 SR TCPJE [N 515 i 52 T BA 43 g K 28
Class |fiClass Il. Class I7FFRPCF2g, @812/
BpTCPii. Class 14 &41BpTCPJk i, Hix44
B Y JE T CINE S . X — 432K e FON L fEBpTCP A&
RIS A5 RN ThRE ML AR AL T LR R .

Table 1 Predicted analysis of the physicochemical properties of Bergenia purpurascens TCP gene family

Gene ID Gene name Amino acids Mplecular Isoelt_actric Avera_g_e_ Subc_ellu_lar

length (aa) weight (Da) point hydrophilicity  localization
TRINITY_DN14831_C0_G2 BpTCP1 463 50131.13 7.1 —-0.635 Nucleus
TRINITY_DN2391_C0_G1 BpTCP2 395 42190.80 8.39 -0.613 Nucleus
TRINITY_DN2391_C0_G3 BpTCP3 392 42335.39 6.27 -0.718 Nucleus
TRINITY_DN14831_C0_G1 BpTCP4 472 50863.39 6.75 —-0.749 Nucleus
TRINITY_DN2391_C0_G4 BpTCP5 417 44550.11 7.00 -0.632 Nucleus
TRINITY_DN46292_C0_G1 BpTCP6 372 39650.79 6.98 —-0.403 Nucleus
TRINITY_DN4014_C0_G1 BpTCP7 401 42386.51 5.45 —-0.459 Nucleus
TRINITY_DN2391_CO0_G2 BpTCP8 407 43504.95 6.59 —-0.587 Nucleus
TRINITY_DN12413_C0_G1 BpTCP9 359 40139.24 6.36 —-0.822 Nucleus
TRINITY_DN1411_C0_G2 BpTCP10 351 38394.76 6.02 —0.766 Nucleus
TRINITY_DN16929_C0_G1 BpTCP11 177 19247.83 9.52 —0.555 Nucleus
TRINITY_DN1769_C0_G1 BpTCP12 270 28218.73 9.71 —0.334 Nucleus
TRINITY_DN5850_C0_G2 BpTCP13 553 58720.35 6.51 -0.729 Nucleus
TRINITY_DN5850_C0_G1 BpTCP14 544 57482.26 6.61 -0.678 Nucleus
TRINITY_DN84293_C0_G1 BpTCP15 205 21920.72 7.83 —0.460 Nucleus
TRINITY_DN5961_CO0_G1 BpTCP16 303 32595.86 5.57 —0.364 Nucleus
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Figure 1 The phylogenetic tree of Arabidopsis thaliana, Oryza sativa, and Bergenia purpurascens TCP gene family
The branch colors and filled background colors of the phylogenetic tree represent different TCP subfamilies. At: Arabidopsis

thaliana; Os: Oryza sativa; Bp: Bergenia purpurascens

2.3 EBXTCPEEZRENERFRTERF

BRI GE R 2 BRI E T B2 R R L . IR NER
W TCPE R Kk Mk bk 72, AT & KRG,
FIFIMEME T. 4341 T BpTCP £ [ H 4715 ) f 57 Jk
Jr, % B0 A F B motif (K2A). 45 R EIR,
Class 1251 )BpTCP s [ % i1 1 it £ 75 B 22 1) R <3 ik
¥, TMiClass [138BpTCPRL 51 7 A H R 5 5 7 AH X 45
o [, A — 2L B 2 1 Bp TCP & A AT PR <F

F 7. ltn, motif 3. motif 6. motif 7. motif 9 motif
10 A 3 AT AEPCF LI i 73 H o 15 B 1% e R <7 L 7 1]
TERE R A DR h RIEARBEH . A, i
BpTCPik (A #4135 5 ff 5 B TCPLE #3 (motif 1), 5%

254 DNA,

24 FABXTCPEAEREMAEZEBEIEMLE
NEFEEARTCPERFER R Z B E/ERR, F
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Figure 2 Analysis of conserved motifs and protein interaction network of Bergenia purpurascens TCP gene family

(A) Analysis of conserved motifs (Left: BpTCP gene family member; Middle: Distribution of conserved motifs (motif 1-10) on
genes; Right: Sequence information of motif 1-10); (B) Analysis of protein interaction network (each node represents a protein,
and the more lines connecting two proteins, the stronger their interaction)

F STRINGTE £ #7432 7 14N 28 1 ot EL AR 9 2% ([
2B), MERXME YT ASEYF . 2R BoR, BT
11101 BpTCP & [ Z IRl 47 {E 28 Fh AH ELAE A, H
BpTCP4. BpTCP9. BpTCP10. BpTCP14 L) }
BpTCP16J& 7~ i () AR e, TR R — > o
R L, W] RELE 5 BpTCPsHI S & Fh A W25t
TR R AR

25 FEBARARALAFRTCPEAERIENRIEER
NIRFTBPTCPHE A 75 5 F S A [ 4 2 b () S is A L,
XA SR ZERN [ S A R AT 40, SRR
TBtoolsi il EFRIE IR EI(FEIBA). 45K W], —Lbhk
PRl 75 3 4H 23 ¥ AR 5 i /K S R0k, i BpTCP7
BpTCP12, W/nEAMIF RefE s HR KK T Tk H#E
YEFH o T KR 73 BpTCPAE R FE AN [R] 4 23 () ik /K~
fAEZES:. B, BpTCP1, BpTCP1OMIBpTCP4LEN
R IR P TR AN ZE; BpTCP3: EAEMR AN ZE
Fik; BpTCPSEZAEM FIZEhRIE, LIk FE M,
BpTCPIERTE S FEEA R L P AT AR T g

26 HBXETCPERZFEAEMIEME THIRIAEN
ARV BpTCP 2 B 72 IR I 3B mi 7 i 1 Y, 2

It 3 AL AR ORI BT S5 A B SE T i Bp TCP &R
DAL PR 3k AR AR AT 43 BT I 2 il 4 B (I3B) « 45 R s,
K4 BpTCP A= A AR A T M 3B R 1 2k 7K~ R R A
AR ARAL, 2 B X A DR AR ik P e 12 P 4 FH AT
REBL/N . TTBpTCPL10M ik /K P AEAR I B e T W) &
i, BpTCP1MIBpTCP127EMRIR A ik B2
N, BEREATRTRELE S S FE M Hh R 4 E A
o N5 E e s 2 A i mT S, RATHRE 764
BpTCP 3t [ # 1T qRT-PCRI& iIF, 14534 i 3L A
(BpTCP6. BpTCP741BpTCP10) LA &2 3/ F i 3 [A]
(BpTCP1. BpTCP12MIBpTCP16). % H E7x, X6
NBpTCPHE K] (1) 3 14 35 15 2 s 2H W e 25 R A —
H(E4).

2.7 AEXARALFTCPEERERIAKES
REEREPEEOHERMY
IR BpTCPEE K 5K R 752 SR IR BAR W) & 1 %
R TRAEAEF, AT 7T R T i s A A s AU 4 2
Pa AT T BpTCP I K 1k 5 IR AU 7= 40 1 S Bk 43
BT, FRIE 2R 5 A B SRR =) A RO 2 A
KIFBpTCPEH KM A, 45 R UEISHTR .

R BIR, BpTCPEA KR 5V 2 R I
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Figure 3 Expression patterns of Bergenia purpurascens TCP gene family in different tissues and under cold stress
(A) Expression patterns of B. purpurascens TCP gene family in the roots, stems, and leaves; (B) Expression patterns of B.
purpurascens TCP gene family under cold stress (4°C, 6 h). CK: Control
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Figure 4 gRT-PCR validation of 6 BpTCP genes

Using normal conditions as the control (CK), the cold stress treatment was performed at 4°C for six hours. Statistical analysis
was conducted using ANOVA. * indicate significant positive correlation (P<0.05), ** indicate highly significant positive correla-
tion (P<0.01), and *** indicate extremely significant positive correlation (P<0.001).
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Figure 5 Heat map of the correlation between Bergenia purpurascens TCP gene family expression level and secondary me-

tabolites content

The Pearson correlation analysis method was used. * indicate significant positive correlation (P<0.05), ** indicate highly sig-
nificant positive correlation (P<0.01), and *** indicate extremely significant positive correlation (P<0.001).

SEAH M. filhn, JR LR (3,4-dihydroxybenzal-
dehyde)& —FE LKA EY), CHIUEHEEH
2 MPLEEAZE L Pl 25 HE{E F (Zhang et al., 2021). &
JLASE % & 5BpTCP3MIBpTCPL1RIA & 2 B 3%
IEAHOG. —HeB R AW, i T (rutin) B -
3-O-#1 15 % £ (quercetin-3-O-neohesperidoside) fll
B4 F (lonicerin) & &, 5BpTCP8. BpTCP10.
BpTCP1. BpTCP4. BpTCP9. BpTCP6HIBpTCP2
PZIA B AR 3 IR A OC . XSS B TR 2R S R Bt
R PUEAAMHIPURRRE, BONSPE TR 250
FOAY e b AS AT Bk 1 4 BB 4 (Panche et al.,
2016). X —&5 4R, X LI ] R AE s 2R &
YIRIR &R b R E BRI E . BeAh, BATES
Hr 7% 2K & (bergenin) & &2 5 BpTCPAE AR 1A & 1)
FHRME A FISR R R EE A 2 —,
KRG FE RS mA 4. s AERBTREY
FRUEY, BARERE. PUAK. TiRMBiE R
REEER, ZiFEN S (Yan et al., 2024), 3 HT4h

F 7R, BpTCP3. BpTCP16f1BpTCP11E i 54 1
KRETEEREZ LR, RPEXIFNRIEER S
P, A AR SRR B . X —IEMK
PEIR R IX SeBpTCP AL A ] BEAE A 2 K 1A R EAR
SO R R EH .

3 it

TCPEE N R AE ta Wb B B L s N 7 5O, 72
AR E BB N A A A5 I A R
{EF(Manassero et al., 2013). H#ij, TCP&: K K ik
CE 2 MR 15 20 % 8 AR AL, (HTE A SR R
DAHRHRAE o AW T I T 0 S e s 3, o o
1% 7€ F161BpTCPHE R Z e B i 5 FF e FL AR A 3
PR . A0 A 2 A7 FN R Gtk A o0 R AT VEN 4
Bro BAPERT & KRR, FrfiBpTCPEE I 3R
KiEERE, HdheA it E s, KR vREES. I
4 o A TIOIN 45 SRR B, BpTCP &R 3 1 T- 41 i
%, X5 HEWMEITCPH R 3, FEAMM
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o R A (Perez et al., 2019).

ARG T 45 R EoR, 161BpTCPA: K Al 4
JClass IF1Class 1% K4y . Class L& 124
BpTCPJk ii; Class I & 41~BpTCPHL G, )& T
CINWEZE . JERTIIHTFE R I, Class I28TCPIE: R il %
Z 5 g A E K, MiClass 128TCPEH
T EZ 5iREM A2 B S @R (Viola and
Gonzalez, 2023). %41, ATTCP4{FE AmiR319al] %5
BB AL, T AR SRR BN K B %8 06 2 (Nag et
al., 2009), # A3 5ATCP4fH & T-Class 112514
ABpTCPIE A W] et B A KA ThRE . S IR T IHET
S HTEE R R, Class I26BpTCPE AL & IR 51 3 5
%, RGN Z BRI 2L, Wi
Class IZEBpTCP & i1 & A AR 5F 2 7 AR X2, mp
REZE T 1 Dhfe /A LAIE RLAS R R R B AEREE 75 5K .

I8 1 6 BpTCP &= PR 53 ik 1) 22 15 48 Xk AT 43 4,
AR RN MR AU L BRI M D Re . BT REA, RS
154~ CIN W 2 %: []| AtTCP2. AtTCP3. AtTCP4.
AtTCP5HIAtTCPL10/E M i im Kk, 2 5iism A
& H (Palatnik et al., 2003; Ori et al., 2007). A 5%
H, CINIE 2K [ABpTCP1MBPTCPL107E A 22 M
W IR, HENE AT AR B A AR R B AE
o BEAb, A 502 BT CP I R S g 1 AR S o 3 v
P R R EE AR . N, i RIADgTCPLE &
T2 ARG IR P e 1) i 2 PE(Li et al., 2022); Os-
TCP19f A ¥ /K Rgii FEME (Li et al., 2025). AHF 7L
— 3556 BpTCP 4 [A] S 78 I It Bl A8 T 1) 2 s B itk
17508, KBBpTCP10.BpTCP1MIBpTCP127EMKiE
i8R W, IR LU N W] BRAE S SR 1)
IR R R AR, 2t — PR R R €
LI P D% Ak i R A

R KA R, Y5 AR AW B
1B, MIERIR KM TR R=E T Z MBI AR
Yo AEURAEARE T, TCPHE N 5k FIRE A& 15 5 21
BAEH . ARV, #1EE (Artemisia annua)
AaTCP14FIAaTCPISE R Z 5T H H RN EY S
(Ma et al., 2021); ¥l IAITCP3E R E T 5
R2R3-MYB & [ B E, 1§ 58 25 15 fd 1 A2 4 & B (L
and Zachgo, 2013). 7 FSR/EAN—Fh B B 25
Y, &S 2 PR AR (U 35 B SR AN IR KA A1),
KSR AR T T2 B SEPU R AN B R 55 2 Ph 2 B

R

1%

A A A TCP AR I FIE A SACH KRR 33

P (Zhang et al., 2011). A#F5 &k, BpTCPS.
BpTCP10FIBpTCP 1452 [A (1) ik S5t F 3 -3-O-#7
P R DA R T 45 5 A S R ) i R A K
BpTCP3. BpTCP16HIBpTCP11 K ik 54 AXE
P ERE IR, LR REH, BpTCPRE K Kk
W RES 5B A AR AERE TR, Ait—SR
BpTCPAE K ) Th e e fit | B LR %K .

{E& Bk A
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Expression Pattern and Metabolic Correlation Analysis of TCP
Gene Family in Bergenia purpurascens

Jingyu Chen', Wenqing Wang', Shiyu Luo?, Luxiang Yang', Huijun Wang',
Tianyu Wu', Qiankun Zhu"

College of Life Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China; *Chengdu Shishi High
School of Sichuan Province, Chengdu 610041, China

INTRODUCTION: The TCP protein family is a plant-specific group of transcription factors known to regulate key biological
processes, including growth and development, as well as stress responses. Despite their critical roles, the TCP gene
family in Bergenia purpurascens remains uncharacterized. This study aims to systematically identify and analyze the
BpTCP gene family in B. purpurascens using transcriptome-based bioinformatics approaches, providing new insights into
their potential functions in cold adaptation and secondary metabolism.

RATIONALE: B. purpurascens exhibits remarkable resilience to abiotic stresses, particularly cold, and contains abundant
secondary metabolites. Given the documented roles of TCP genes in stress responses and metabolic regulation in other
plants, we hypothesized that BpTCP genes may contribute to these traits. A comprehensive analysis of this gene family
could reveal novel mechanisms underlying stress adaptation and metabolite synthesis, supporting future genetic im-
provement and biotechnological applications.

RESULTS: Through transcriptome-based bioinformatics analysis, we identified 16 BpTCP genes in B. purpurascens,
which were phylogenetically classified into two major groups, with all members containing conserved TCP domains and
closely related proteins sharing similar motif patterns. Tissue-specific expression profiling revealed distinct spatial ex-
pression patterns across different tissues, suggesting functional diversification among family members. Notably, partial
genes, including BpTCP10, BpTCP1 and BpTCP12, exhibited significant expression changes under cold stress, implying
their potential cold-responsive roles. Furthermore, expression levels of specific BpTCP genes correlated significantly with
accumulation of various secondary metabolites, particularly flavonoids and phenolics, suggesting their regulatory in-
volvement in metabolic pathways.

CONCLUSION: This study provides the first genome-wide characterization of the BpTCP gene family in B. purpurascens,
demonstrating its potential roles in growth and development as well as cold stress response, and secondary metabolism.
The differential expression of BpTCP genes under stress and their correlation with metabolite levels lay a foundation for
future functional studies.
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Expression pattern and metabolic correlation analysis of TCP gene family in Bergenia purpurascens. A total of 16 BpTCP
genes were identified in B. purpurascens and classified into two major phylogenetic groups. All BpTCP genes contain conserved
TCP domains, and proteins from the same evolutionary branch share similar motif compositions. Different BpTCP genes exhibit
distinct tissue-specific expression patterns and display distinctive responses to cold stress. Furthermore, certain BpTCP genes
demonstrate significant correlations with the accumulation of diverse metabolites.
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Appendix table 1 Primers used for qRT-PCR
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