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HE] By ETEFABIRETESHS F-box-LRR (FBXL )HE G, I HE T W5 B 5% 5 3RIAB 4T, itk
— RN R R DR AUKIR . B WASEREARIRE TS E 1 SmFBXL 5, iz A5 B iﬁ/ﬂéf%TE—
SyRTHBE N ZE R ERE, R ShFIRAE FHOCHE, S i A EEME R . Rgiilfe, H4IER%. ER  MWSISHERA I
7t 104 4~ SmFBXL 3£ (SmFBXLI ~ SmFBXL104), AR5 T 8 L ik b, PR 756 SHEybiy. KA E %u
P D A AR A T . WSS BIRIFRIKR G R FBXL KGR ARG L EFM, 4 104 4 SmFBXL 27 H
7T AR, Bt RS, 55D SmFBXL36 Rl iS5 B IR i A MR, SmFBXLS6 . SmFBXL79 W REfE TS MR AR
R EEAEH, SmFBXL11, SmFBXL40 W B8R TSI AL K o 56 EE B8 SmFBXL SERE PSS AN FAH L 22 7 Rk,
o 13 4~ SmFBXL SEFEAEAR TN i (9 3R3A KT8 m, WIVE N R SRR 5T SmFBXL SEF GRS . 4518 BFRE

— 2 AANT SmEBXL R TEFH S50 5w i Sk AR A= 4 b i I LR AL T 27
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Identification and expression pattern analysis of FBXL gene family in Salvia

miltiorrhiza
YAO Ruiyang, YU Haizheng, LI Yaoxin, ZHANG Lei(School of Pharmacy, Naval Medical University, Shanghai 200433, China)

[Abstract] Objective To identify and analyze the bioinformatics and expression patterns of the F-box-LRR (FBXL) gene
family of Salvia miltiorrhiza based on genomic data, and provide a foundation for further elucidating its gene functions. Methods The
SmFBXL gene was identified from the Salvia miltiorrhiza genomic database. Its gene structure features, promoter cis-acting
elements, physicochemical properties of encoded proteins, evolutionary relationships, and tissue expression were analyzed by
bioinformatics methods and online tools. Results A total of 104 SmFBXL genes were identified from the Salvia miltiorrhiza
genome, unevenly distributed on 8 chromosomes, with upstream promoters containing cis-acting elements related to plant stress
resistance, growth and development, and hormone response. A phylogenetic tree of the FBXL family members of Salvia
miltiorrhiza, Arabidopsis thaliana, and Glycine max was constructed, dividing the 104 SmFBXL genes into 7 subfamilies. Through
homologous evolution analysis, it was speculated that SmFBXL36 might be involved in defense against pathogen invasion,
SmFBXL86 and SmFBXL79 might play important roles in regulating lateral root growth in Salvia miltiorrhiza, and SmFBXL11 and
SmFBXL40 might regulate hypocotyl growth. Transcriptome data showed differential expression of SmFBXL genes in different
tissues of Salvia miltiorrhiza, with 13 SmFBXL genes showing higher expression levels in roots and leaves, serving as candidate
genes for further research on the SmFBXL gene family. Conclusion The research results provided a reference for further
elucidating the regulatory mechanisms of SmFBXL genes in stress response and secondary metabolite biosynthesis in Salvia
miltiorrhiza.

[Key words] Salvia miltiorrhiza; F-box-LRR gene family; Bioinformatics; Functional analysis
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5%, %58 25 5 TR S R 7, {HBE
FWFICITRA, 127 A B RS e MR TE 2544 i T
B A AN T BB A VE

ZR-26S EHAMAKRGEE N FEAZ R
Ffr e M S 2R (R e pES Y, Hod, F-box R HE
M Skip-Cullin-F-box (SCF) & & ¥ 1 4% 0> 41 43, i
i H N 39 F-box 375 SKP1 A H.AE FIE By
20, FfE AT C i) 2R SO VR R Ss H i
PEVUIN YR 1, X Se 2 /iy 3k A0 65 WD 40 R P
1. TUB 254445 . Kelch Z5F 3 M & & 52 2 BR 10 &
87 5 (LRR)FF M, 3 F 33 $E R [A] (1 45+ 3k
F-box 5 [ Z Bt — 2415 R 24 W R0,
VT4E 3K, F-box-LRR (FBXL) %% i #5 FH 1E A9 1 XF
AW Ko AR A 0 B v ) S EEVE L B 25 A2 B
40, SR T R AT 32 1k COIl Y C ik 18 4~ e
BXAY LRRs 25307, BEAE AR S MR 31 5% s okl 7
JAZ, 3t it 26S I MR R AR, iR T JAZ
XoF 2 i) 2 I A8 B S S TR MY C2 A AR
T 3% 2 A5 5l A I A B A g o2
JKFE OsCOI1 &g I+ COIl fY Rl FE N, it 5
FHiE 2 JAZ N E3 1z R iE4ER 5 414 SCF-COI1
(A EAEH, 75— RN B A K & AL
IR, I MAX2 B, C e &
LRR 585k, d i P84 <AL &, AR T
RPN R AR, TIR1/AFBs 4=
KEZZIRE A EA ST F-box-LRR 2545,
AR R R A L T, miR393 i 35 S5 TIR1 K
TR, RSP T AR T T A R AT T T
PP PR T F-box £ (1 AFBAL 3@ i i 7% iR
(ABA) 5 Z & £ IE AR M P b 2 W P, F-box-
Nictaba [ FRIAAERL R ST 32 a1 7 R 2
FRUKIR (SA) 55, I8 SA iR FHEY)
PR PE R RPT, UBEIT ATSG15710 FE R 2 i Y
F-box fEHZ 5 T X #H & & Cu™ sl Cd* i Wil i
PP, HHT, F-box ZIGAEAEY) T Y D RERF 5T 32 22
SRR ST . KRS, fEP S —
B RMEY T B AR . ARSI
K ZH P 1 104 45 FBXL JL[H, I EATAE W15 A
SRR, BN SmFBXL B 5 S5t 42
HEAR

1 MRIFTE

1.1 JHA& FBXL AW ey 5w . 2R
M CNCB ¥ % (https://www.cncb.ac.cn/) 1
#SFS 5 K 4 (GWHAO0SJ00000000) B & gff v

B A5 B o MWILES IT 15 B M 3k (TAIR, https://www.
arabidopsis.org/) 11 N 2 G IT FBXL 5 [H (1) 2 F
iR 51. ffiH TBtools v2.101 H Blast Compare Two
Seqs b, K EHIZE N 107 #E1745Hs blast, It
Ab, il it Pfam £#E 22 (http://pfam xfam.org/ ) 25 $% 1}
2 FBXL 3N F R E S5 H38 (PF00646 . PF12937,
PF13013), i & Simple HMM Search it 17 F+ £
FBXL 2 318 7 5 () U 3 o U I 2k 1) P 971
ID 224, wJa i HAELAEME B T HEZRAE
PHEARAE B il CDD 48255 (https://www.ncbi.
nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi) . InterPro
B % (https://www.ebi.ac.uk/interpro/) fil SMART
i ¥4 (https://smart.embl.de), 2= Bk A % F-box Fl
LRRs (751,

ff F ProtParam T. E. (https://web.expasy.org/
protparam/) T34 T WU 15 FBXL &R 2 [ ) 3
FEFHIE, AR A AR PO B . Be SRS (pD) | 43
T (Mw) . AFRUE TR, e D ds SO B2 0%
KPR EU(GRAVY ) Z:46 bR, i ] CELLO 74k M
vl (http://cello.life.nctu.edu.tw/) ¥ 17 1+ = FBXL F
PRSIV 230 e Ao T
12 MEREZLFH

M PudMed (https://www.ncbi.nlm.nih.gov/) Fi
TN R EL FBXL JE R SRR T4, 2[R P2 A0
U IT FBXL FEPH WY R IE IR 7 N AT R R K
ZorHr. A Clustal #4722 75 LEXS, HEXT5E
Ji 1 MEGAT11 %X {4 Neighbor-Joining(NJ), 2%k
Bootstrap {H M 1000, #E17 R G K B, {#
FH iTOL (https:/itol.embl.de/) % FEAL B FEAT AT ¥4k
el
1.3 ARAZMFtkF R 5T

i FH7EZE MEME %44 (http://www.OMI csclass.
com/article/67) 531 F+Z FBXL FR 75 B 01 W 3 )7 45
Fy, Horb B i s R B BB Ry 20, 7 1Y /NG
JEVCE R 6, P MR K SEFE I E A 50 IFPFZ
LR RS TR P2 FBXL SRR 454, (2
% CDS Ml UTR. #%J, ffi F§ TBtools v2.101 4T
AlAR AT
1.4 FERTAL, HEMEIH LB E 4

MNFF 2 1 B R A R S SR B2 FBXL
LG AR 85 R, JEE ] Thtools 4 H Gene
Location Visualize from GTF/GFF #& 3 #f 17 n] )
fb. BLASTP #i )@l T % & F+ 2 i [Al I FBXL
FLA, e (HER{EHBE N<e?. {#H MCScanX 2RI
ST FYS FBXL JEH Z [ 3Lt e & . fiff
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JH TBtools #AT AT LA . b T #4727 A, M
Phytozome v13 ¥ % (https://phytozome-next.jgi.doe.
gov/) T AU FE ST HE R AP 51 A B S, N CNCB
W 32t 1 PF 2 5 PR 2 e 9 F0 T R SO (GWHASIU
00000000) . #|FHf MCScanX & ¥ 434 T /15 54
FOT . PP S Z ARt
1.5 B3hF PR XA A8 57

A SmFBXL JE KR IR %1 T (ATG) LY
2000 bp XIHINNRSG I FIFS]. {7 TBtools #2
BUa sl 753 H PlantCARE (https://bioinformatics.
PSB.ugent.be/web tools/plant care/html/ ) il Jii =X 1]
oo, {# F TBtools H' HeatMap & £t Xt 55 fiir i1
FNE . FE AR TN T | AE IR e 1y RO ] 1 7
T T AT AL FE S
1.6 F-5 FBXL 7 Rl R F KX A

MSHRARK TIBERE R RE, NE
JE B8 W)} 2 (Salvia miltiorrhiza Bunge), T 115
AR — BR8N AR 7R, T
—80°C VKAHPRAT, AT S 4L I)F . fifi FH TBtools
(%) HeatMap FEHRIEF TH B FTRLAL, ShyiliE S Bk P e 3k
1w 25 Sk K, s ] Ak, KB E Log2(Lh 2 2
%22 S IR BN R AT AR HEAL, AT SIE
— LRI .

2 #R

2.1 JHA FBXL AW egie . ALK R

%t CDD #l Pfam 7E4 50 M7 5 fe 2 3745 104 4>
SmFBXL J¥ %, ¥4 & A F-box #1 LRRs {4 5F 45 #4
58, 8 TR B ) SmFBXL 3 B F 50 347 4 5, B
SmFBXL1 ~ SmFBXL104. il i ProtParam T H i
TFEAL P, &I SmFBXL Kl K JFEJL N 645 ~
3012 bp, Z 5 B & & R K 2RIV K,
214 ~ 2 362 aa, -3k 494 aa; FX 5T Bia K
24333 ~ 268 357, 5 ALK JE AIE s SEH R
4.41 ~9.36, b 43 DNBEPEE 1T, 61 > R TE
BT, AN 7 s 0, 42 4~ SmFBXLs
T HE TR A, 26 W LR 20 MOA% A A AH DG I 4%
IT5E; 9 A~ SmFBXL 8 [ A v 78 40 it 5, e B H:
T4 ML A AR FE I D RE; 3 4> SmFBXL 45 € 7
FEN SRR, HEM AT B8 2 5 0 S R 11 36 PR 2 35 0
5 oAb, A 1A E AN T ERiAR, 37 A N
THIMO B, 12 A 57 T4 A1 ) ot
22 S5 FBXL KRG 258 F 57

IR SmFBXL B PR G 16 i 02 1] 1) 35 4% 06 &
KIS EYFOREMIC TR, R NIEME TS

PIRTF IR G0 FBXL SN E MR ARA R LT
P (B 1) SmFBXL 3EH %I 8 STk
(WiE T ~VID) o Herp, Wik T # T B 5 KRk
H KT, U — AtFBXL KGR, Hifth 7 4%
KB SmFBXL 5 WL 43 A o Herb, Wk T
o SmFBXL W i i, A1 52 > SmFBXL 8.1,
HYSE W, WV, WL 43514 17, 10,
8N, WHEV . WIEVIXIA 6 4~ SmFBXL B 5%, Wk
VI{UA 54 SmFBXL W52 o 7 4bh, Wikl A A
SmFBXL Fl AtFBXL ZRJG MG, #El SmFBXL £ i
e T RE I T DI RBRE R R . ARGtk
SR IT H AR R FL A AT Y FBXL FEIH, 78
HE5H 5 T6E L T RE ELEC AL, o] LIME A HEI S F-2
o FBXL K IIRER S5

23 FHA FBXL AR EM5%F A

KT 43 SmEFBXL F& [N 05 1 b2 (1) 45
Ky g AE T RE, FIJH GSDS. MEME 4+ HT SmFBXL
RSN 5N E T ASFET . SmFBXL
RRFGEEATHIH, 37 3 BB RSB %
o, B A, LS F-Box-LRR 5145 14 3
Ko [l — R AY IS4y SmEBXL 3 41 R AR,
BEAb, A7 S JE P A BRAE AR W v, anv e 11
RS Sy 2, LT 6, W% TR A i 3k
J¥ 5, VIR A 1 36 7 8, 4 I 5 26 30 % rh i
FBXL N ] 5 EA Hopth 5 Z AR Y E Thae (81 2) .
X SmFBXL R G L 53 A 28546 oAt e R, AN &%
TFHRINE TR AR Y 22 S, AR S
T 1~104, 250 SmFBXL BN&H 2 MNET,
[ — V% Y SmFBXL 175 57 PR~ 14 5 [R]85 40 A X614
SF(EL2) .

24 FHA FBXL AR ERTIL, RS
Fo 35 B H_H)

X P53k R AR AR 1) SmFBXLs JE R k{4
AR AL BT (B 3A), KI5 HE 43 M E 8 45
EARE) LR, B YLER LAY SmFBXL JE N4
Jg 3~ 154, FPEAE Chr01, Chr02, Chr03. Chr06.
Chr07., Chr08 YL taff [ 43 AH %L/, P 7E Chr04,
Chr05 YO fRp 3 £, X n] fE-5 YL (iR 5 TR/
M2 5H K. HEFEAEBSY AR KR E L
EmFERNEH =R, B THRT 2% FBXL Rk
B LR P TR AB I, ANBFSENT SmFBXL F R S8 5 i 5
AT TR W Hr. BSR4 (15 3B) 3%
W, P& FBXL W0 T2 i i Be i AT 56
S, oy K B R Br il SR IR 384,
t 36.5%. FFSHIREIT . B /TS 03 PR 2 2k 1
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R K 22 %t g R 9T 3 5 etk s fE S b 87 A
FBXL 587 W s 712 FBXL HLAT L84k, 16
P+ FBXL KGR R F P2 FBXL HA K&
[
2.5 FHA& FBXL AW B 3h-F IR KXAE A U469 57
A3 BRI 04 3l X A7 7 B A
FHICHE AT LA b 45 A St DR - s SR 3k, I Xt
AN TR IR S5 AR B2, 33 7T B S 2 PR o) B D
ARSI B B YR . X SmFBXL 3 3h Tk AT
A FE G A4 T, W2 3 K R3S A e AT
FEP A E T, 35 4 288 R
Jema R, EE N A K EE (B 4), Gt i,
N7 35 7 28 ) o L A v, o T o 33.7%, £
15 10 Fh2EBI T, 7T 4 4> FEITH 92 MYC
(IR M8 ) . STRE(BE K Wrid ) . ARE(HL & L
N ) AT AS-TCRRINE) o 28 K2R e i oo,

L NS
CPae
* ST

i 11

* AT4G05470.1
* AAD48964.1
* AT4G05490.1
* AT4G05460.1
2 474Gossg,

WV
1 /32 FBXL EEMN ARG . EH

hi BT TR 26.9%, ITA SmFBXL JEH % % bt
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T GG R TCF K 34.5%), Hikd2&: G-box Joi4 O
Wi 07 76 A 19 21.4%) o 02 e N 5 T A TR
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(ERE). ABREGZE MR TCIFAY 26.1%) S8 5 H UL
M N T . B R B o AR (5
T 14.3%), A4 7 55 40 AE H4U3RIK 1 CAT-
box. CCGTCC-box 1 CCGTCC motif, 713 K4
T AR Y O2-site, 75T AR A B & & (1)
AAGAA-motif, 1 57 M #3235 1) GCN4-motif,
T 20 B B A0 E 5 ) MSA-like A R R AE K RE
() HD-Zip 1 55, Z¢ I ik, SmFBXL & H K% 1
BT EAME . BEE., PrEf. i Sem
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fi# MAMYB23, i MAANR, T2 1167 Z 14
Y& B, o1 LU Rz A B A B FR AR
ARG T R O EH .

FBXL #1738 o 85 [ -8 A BAE F Sk 261
SRR (A, i ] SCF {2 R G e 2 A Wi
FeSePE . FBXL M) iz, 24 R ik, TE4U
IFLKFE . REL BoK R PRI E 29, 61,
19. 16, 34 /> FBXL JEHP, SR, LT P21
FBXL N R G 5E8 R0, B feiE— 2532 i 0F
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