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BRABF AV B TIFY He R 5 1 D) 68 53 JEmb A48 43k 1 R g%

KRR AVERL; TIFY BEZEE; EWIERY¥ T Rk

FESES: R286 MHEKARERRS: A XEHS: 1008-0384 (2024 ) 03—0290—12

Identification and Expressions of 7/FY Family Based on the Full-Length
Transcriptome in Isodon rubescens
LIAN Conglong, LAN Jinxu, YANG lJingfan, LI Jingjing, YANG Hao, CHEN Suiqing*
(School of Pharmacy, Henan University of Chinese Medicine / Henan Key Laboratory of Chinese Medicine Resources and
Chemistry / Collaborative Innovation Center of Research and Development on the Whole Industry
Chain of Yu-Yao, Zhengzhou, Henan 450046, China)
Abstract: [Objective] TIFY protein is a key regulator of the JA signalling pathway and plays a significant regulatory role
in plant growth and development, abiotic stress and the accumulation of secondary metabolites. The identification of the T/IFY
gene in Isodon rubescens provides a theoretical foundation for the breeding of /. rubescens with enhanced stress tolerance and
the investigation of the synthesis of secondary metabolites. [ Method] TIFY family was identified using bioinformatic
methods based on the full-length transcriptome database of I. rubescens. Expressions of the genes in tissues were analyzed by

RT-qgPCR. [ Result] (1) A total of 12 IrTIFYs genes were identified in I rubescens. (2) The amino acid length was
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124—378, the molecular weight 13 924.89—39 692.38 Da, and the isoelectric point ranged from 5.05 to 9.69. All members
were unstable proteins, except for IrTIFY10. Ir'TIFY proteins were all located in the nucleus and were hydrophilic proteins
without signal peptides. (3) Structural analysis indicates that Ir'TIFY proteins lack transmembrane structure and that the most
abundant secondary structure type is random coil. Furthermore, all TIFY proteins contain multiple phosphorylation sites. (4)
The IrTIFY gene family had weak codon preference, with a slight tendency to use codons ending in A or U. (5) There were
many light-, hormone-, and stress-responsive cis-elements in the IrTIFY gene family, but cis-elements were difference in
numbers and types among different members. (6) Evolutionary tree analysis showed that the 12 members of the TIFY family
were divided into four subfamilies: PPD ([rTIFY2), ZML (IrTIFY3/8/10), TIFY (IrTIFY7/12), and JAZ (IrTIFY1/4/5/6/9/11).
They were closest to that of Salvia miltiorrhiza of Labiaceae family. (7) RT-qPCR analysis revealed that the expression of all
12 members of the TIFY family of I. rubescens in different tissues was as follows: leaves > stems > roots, and most of them
were significantly different. [ Conclusion] Based on the above results, it is hypothesised that the TIFY gene family plays an
important regulatory role in the growth and development of /. rubescens and may be involved in the regulation of the synthesis

of secondary metabolites of /. rubescens, which lays the foundation for further in-depth study of the function of the T/F'Y gene

GHREE: BFRAAZAKRBEFUYGTIFY AR RAL T 52X 04 291

family in /. rubescens and provides an idea for the further study of the function of the T/FY gene family in I. rubescens.

Key words: Isodon rubescens; TIFY gene family; bioinformatics analysis; expression analysis
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Table 1 Primer sequences for RT-qPCR

EREFIFES] (5-3) G (5'-31
Forward primer sequence Reverse primer sequence
(5-3") (5-3")

He [ A4 AR

Gene name

UBQ  CTGAGGCTTCGTGGAGGGAT TGTAGTCTGCAAGAGTCCTT
IrTIFY]  TGTCACCCCTTTCGTTCACC AGTCATCGGAGGGCCATTTC
IrTIFY2  TTGATAAGCCGCTCCACCAG TTTCCGCCTCACCAGTTGTT
IrTIFY3 CGAGAACTGGGATTCAGGCA TGTTCGCCCACATTAACCCA
IrTIFY4  ACGGAAAGCATCTCTGGCTC ACCTGCATTCTTGCTCTGGT
IrTIFY5  ACGCTTGGCTTCACTCCTAC CCTCGGGCTTAATCTGGGTC
IrTIFY6  GCCGCTCCAAATTCAGAGGA TCCGGAGGGTTCAACTACCA
IrTIFY7  GCGATCATATCGTTGGCGAG GCGATCTCTTCATCGACAGC
IrTIFYS GGGGAACAGATGGCAATGGA CGGCGCATCATTGGAGTAGA
IrTIFY9 AGGAGGCAACCAGGGAAATC CATTGAGGGCTGGGGTTGAG

IrTIFY10 TATGATGCGACGTGGACCAG TAATGGCGTTTGCAGGAGGT
IrTIFY1]  ATTACGTCGAGGGCCATTCC ACTCGTGCTCGGGTTCATTT

IrTIFY12 TGGGTAGTTTGAGCAGGCAG CCGGCTCCAACTCCAATCAA

KAV B TIFY BT EEN 124~378 aa; 73 &
KN K13 924.89~39 692.38 Da, ZFHL 1 5.05~9.69;
AR ETE B 37.71~68.06, H:p IFTIFY 10 4 58 5 &
M, HAbh 114 AR EEA; 454 ProtScale X
I'TIFY's 25 [ Y 28 K B FE R 43 A AT AR e il , & 0
I'TIFY 0% 8 [ 25 K 2 36 12 0 A L i /K 2 BE 12 1Y)
S L, IIHEN &% 5L TIFY K d 12 MR

REEKPERE R (R2).
22 RERETIFYREEAEWHH

151 FH7E 28 43 F7 W 355 SOPMA 43 # i TIFYs & [ (1)
TRES A A R R (R 3), KXW TIFY K%
JIT A B 53 AR 1A I G 25 2 R S i W e 2 1R 4 it
. o-MRE . SEMEE . AT, Hb, T
FLU 5 il & 4yt ok (55.12%~77.51%), B-F% M
/N (2.53%~5.78%); BR T IFTIFY1 5 IITIFY12 4,
HoA R AR R RE R EE L D T e B E .
ITIFY2 8 1 o882 0E & b 19.77%, 2 fift 8% 5 L
7.56%, B-GEff it 3.2%, TCRLEH 5 69.48%.

#E— L | ] SWISS-MODEL T [ Y gt #5, L
5t0q.1.B ( Protein TIFY 9) i 47T 458, 45R %
48 W TIFY R0 85 1 10 — G 45 46 T T J /s 114 235 #
O3 AR5 T A SR AR AR (B 1),
23 ZZRETFYREEAMBUALS. FSK. B
FELEHY . TR E L

10Tl TR b 2 i 3 ot O R T W T DA — TR AR
TR = WL 5 e B E ) R b B R LIS
Y, XARN EEALLETR . 75 R A & R ik
FEP. & TIFY s 8 1R BERR AL 0 45 2 2 W
124> J8 03 TR A 5 T 22 SRR RN U R 1Y) Wl T Ak Aor
&, BR ITIFYS/6/8/11 #5141, HAx 8 1 BT 6 5 i
IR WM LA . ITIFYs 8 FU/AAE 18~59 BEIR
fOAr BRAF, Hh 2GR0 sk %, R 13~414,
HARKZ (2~201 ), BEERATEALE 1~3 4
(F4, K2), UL ESREWZREE TIFY KGN

®2 LBRE TIFY REEBEBUMERD T

Table 2 Physicochemical properties of 7/FY family proteins in . rubescens

SEHLRL ARaE RS

Jig o Wt 4 PR/ ERESLIEl

Gene name  Gene ID in transcriptome  Length/aa  Molecular weight/Da Isoelectric point Instability index Aliphatic index Grand average of hydropathicity

B R ID KR o

IrTIFY]  D-tissues_transcript 12000 356 37,515.67
IrTIFY2  D-tissues_transcript 12412 344 37,381.18
IrTIFY3  D-tissues_transcript 13824 343 37,606.01
IrTIFY4  D-tissues_transcript 14652 299 31,555.55
IrTIFY5  D-tissues_transcript 15941 229 24,182.28
IrTIFY6  D-tissues_transcript 16425 173 18,692.28
IrTIFY7  D-tissues_transcript 17017 124 13,924.89
IrTIFY8  D-tissues_transcript 27842 299 32,514.88
IrTIFY9  D-tissues_transcript 48324 250 27,2357

IrTIFY10 D-tissues_transcript 51903 300 32,486.03
IrTIFY11l D-tissues_transcript 53470 273 29,436.81
IrTIFYI2 D-tissues_transcript 57396 378 39,692.38

9.01 58.96 76.97 —0.169
8.09 50.35 69.22 —0.633
5.05 49.03 66.56 —0.567
8.59 56.46 58.83 —0.438
7.81 53.98 72.71 —0.315
8.99 41.53 75.78 —0.409
9.69 66.65 77.26 —0.473
6.17 40.31 58.66 —-0.819
8.93 68.06 66.4 —0.634
5.63 37.71 59.2 —0.761
9.15 56.22 65.79 —-0.778
9.22 46.47 46.8 —0.815
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Table 3 Secondary structure of TIFY family proteins in I rubescens
E PSR R AR ID o- B i SEAEE B-%: A ToHLI 2 i
Gene name Gene ID in transcriptome a-helix/% Extension/% B-angle/% Random curling/%
IrTIFY1 D-tissues_transcript 12000 11.24 12.36 2.53 73.88
IrTIFY2 D-tissues_transcript 12412 19.77 7.56 32 69.48
IrTIFY3 D-tissues_transcript 13824 22.45 10.79 5.83 60.93
IrTIFY4 D-tissues_transcript 14652 12.04 11.37 2.68 73.91
IrTIFYS D-tissues_transcript 15941 17.9 12.66 4.37 65.07
IrTIFY6 D-tissues_transcript 16425 23.12 13.29 5.78 57.8
IrTIFY7 D-tissues_transcript 17017 27.56 11.81 5.51 55.12
IrTIFYS8 D-tissues_transcript 27842 19.06 11.71 4.68 64.55
IrTIFY9 D-tissues_transcript 48324 20 7.6 4 68.4
IrTIFY10 D-tissues_transcript 51903 18 13.33 4.67 64
IrTIFY11 D-tissues_transcript 53470 13.92 6.59 2.93 76.56
IrTIFY12 D-tissues_transcript_57396 7.41 12.43 2.65 77.51
I'TIFY1 Ir'TIFY2 Ir'TIFY3 IrTIFY4 IITIFYS Ir'TIFY6
' & 3 |
61 S
&S ||
( /‘T N g
I'TIFY7 Ir'TIFY8 II'TIFY9 IrTIFY10 Ir'TIFY11 Ir'TIFY 12
3 ~
§ R0 2 ?5 \‘
1 —
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Fig. 1
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>k HI DNAMEN # {4 X} 4 % B TIFY 4 ¥ 91 1Y)
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ks, SR, BRORSFEEAIAN, HAh R T A 22

Predicted tertiary structure of TIFY family proteins in I rubescens

SRR, WREAE VR B TIFY ZGEAN R 5 T fg 431
ERE—ERER (B 2). FI A Pfam 8444351 Al
TBtools %X 4 ity 7T 40 Ak X} 44 % B IrTIFY's £ [ A9 45 1)
B Hr A REW (& 3) . 124N HEBTEAE tify 454
5, BET TIFY FGEWM R . TIFY FGEE AR
B R AT R4k . TIFY . JAZ. PPD Al ZML4 NF
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F4 LRETIFY REEABBUUS, F5K. BREGMTHEELI T

Table 4 Phosphorylation site, signal peptide, transmembrane structure, and subcellular localization of TIFY family proteins in I

rubescens
) TR A PSR . . ERELLN(E . PR 5 R U440 il 5 37
wEas  PIEN e gamben mamn O e WRfir Wity AMRIER
Phosphorylation N NN ., Signal peptides . .. Trans membrane Trans- membrane  Subcellular
Gene name . Serine site/”]> Threonine site/”]> Tyrosine site/] Signal peptides L . .
sites value localization domain localization
IFTIFY1 54 32 20 2 0.001 7t No JE4h Outside 0 41 #% Nuclear
IFTIFY2 44 25 16 3 0.0007 7t No JIEE4h Outside 0 4 ffi % Nuclear
IrTIFY3 38 20 17 1 0.0007 7t No JIEE4h Outside 0 41 #% Nuclear
IrTIFY4 36 29 6 1 0.0005 7t No JE4h Outside 0 41 #% Nuclear
IrTIFYS 20 18 2 0 0.0013 7t No JE4h Outside 0 41 #% Nuclear
IrTIFY6 18 14 4 0 0.0018 7t No JE4h Outside 0 41 #% Nuclear
IrTIFY7 18 13 4 1 0.0014 7t No JE4h Outside 0 41 #% Nuclear
IrTIFYS 27 18 9 0 0.0011 7t No JE4h Outside 0 41 #% Nuclear
IrTIFY9 32 25 5 2 0.0012 7t No JE4h Outside 0 41 #% Nuclear
IFTIFYI0 33 20 10 2 0.0022 7t No JIEE4h Outside 0 4 i % Nuclear
IFTIFY1] 38 32 6 0 0.0035 7t No JIEE4h Outside 0 4 i % Nuclear
IrTIFYI2 59 41 16 2 0.0011 7 No JE4h Outside 0 41 31% Nuclear
I'TIFY 1 QLETEYNESVCVYDN T SPERAQATMLLAGNGPPMTPKATAPAPPVQTSMPRSSVLDRLTISQPYGTTRHR. ... SSPVQV 76
I'TIFY2 QMETEY CEKVNVYDDIPADKAQALLHIAASPLQFPDEQPVDGAAVLQHVTCLP. KAVSSARKDSAVLVLPTLQSVKMNES 79
I'TIFY3 ELQNISFEMEVYVEPAVTPEKVQAVLLLLGG. . ..ot RETPTSIPTSEFLLQINDKGVDDVS. ... ... ... 55
I'TIFY4 QLWIFYGEAVNVEDD I SPEKAQATMLLAGNVY. VQSKMTQSKLHMQAPASKLPAADQPLVNQSMNTPPCSGLPSPMSVSS 79
I'TIFY5 PMETEYAMQV I VENNFPAEKAKELTALASK. . ..o oo oo SSASKNHPSA....A...FT 43
I'TIFY6 QMETEYAMQVLYEND IPADKAKEIMTLATS. .o oo oo oo oo oo e oo oo e YSAAAAPP. ... ....... Q39
I'TIFY7 QLEITEYKMKVASCDAT. ELQARATISLASR. ..o oo oo oo oo e e EMEESSRK. .......... N 38
I'TIFYS QLELSFQMaV Y FFDSVSPERVQAVLLLLGGREVPPNIPALPVSSPNNRGLSTTPQ. . oo e e v oo e e 55
I'TIFY9 QLWIFYSERVMVEDDFPAEKVQDLMAFAKKES. SQMSCGILSNTLGENPSAV. ... GPASSSREGLPPRP....Q...PS 68
I'TIFY11 QLWIRYSEKALVFEDYPADKVRDLVHVAKKSS. SQMSYATTSRAIPDKSNPY. ... ASTSSPRDGLPPRP. ... QPAASK 71
I'TIFY12  QUEIRYGEQAHVEDNVHPNKADV IMALAGSNGGSWSTTYTPNSSTRPLTTGENRIPSSNNDAGTAMLRELHGGPSEKGDT 80
I'TIFY 1 TPISISQSAGRAGIKIETSTAKPSGVLVSSPTIAEPLKSVHPLGSASFLSSGTVPQFRRKSEARFLEKRKE 147
I'TIFY2 TRPVPGEENKMVREETPY. . ..o EGPSTRKASVQRYLEKKKD 115
IETIFY 3 SPPTVSQRIASLERFREKRKE 76
I'TIFY4 HPIDQSGVPGANNDDTKASKTTGMSTASVNNTESPRVMSSTGSVAASATMSSAVPQARKASLARFLEKRKE 150
Ir'TIFY5 PPLAAQSPAESATNVPNIVPP. ... SFASAQPPLDSDLPIARKNSLARRLEKRRD 94
I'TIFY6 QPAAAQ. ..o LAPLGSDLPTARKNSLARELEKRKD 70
I'TIFY7 SPALAALN. © oot SPVYSAATGLSMKRSLQRFLEKRKS 71
IFTIEYS KFNVPQRLASLIREREKRKE 75
I'TIFY9 TSSHKSAAILSNTCKEKTSAT. ..o EVSASPEANGSDLPIARRSSLHRFLEKRKD 119
I'TIFY 11 QPVSTSCIEKMNPSTSEAGPSE. ... AQEQLSPPPEGNGSDLPIARRSSLHRELEKRKR 126
IFTIEY 12 HRGFASAD. © oottt e e e e e e e e e 88

Motif 4 {Y {7 7 F TIFY9/11/6/5 H ; Motif 6 /N £E 7E

E2 Z%RE TIFY REEBRTEMIEGE TS

Fig. 2 Alignment analysis on conserved domain of T/FY family proteins of L. rubescens
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TS T GC B A i (GC) LUK IR SRS 145 —
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Fig. 3 Visualization of conserved protein domain of 7/FY family proteins in L. rubescens
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Fig. 4 Schematic conserved motif of 7/FY family proteins in 1. rubescens
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bp JFAIE R LB B B T4, XIS 3 ook
MramWl (K 5), XBE TIFY KNGS 3hF
FEAE 22 M L TGP 3838 T 17 G 4 R 3 45 1 ) o6
5, BRI Z T AAEES . Hh 124
BB S A 2 A G N TT A s A e N R TR AR
Wi : IFTIFYI, IFTIFY2., IrTIFY3. IrTIFY4. IrTIFY7.,
IFTIFYS. IrTIFYII F IFTIFYI2 & A 2K #i IR W W
(MelJA) Wi ¥ 5 4 ; IrTIFY4, IFTIFYS. IrTIFYS.
IrTIFY9 F1 IFTIFY10 & F /K #%12 ( Salicylic acid ) 1 )i
Jelf; IFTIFY2. IFTIFY3. IFTIFY4. IFTIFYS. IrTIFY6 .
IFTIFY7 . IFTIFYS. IrTIFY9. IFTIFY10. IrTIFYII i

IFTIFY7 F IFTIFY10 %47 7585 % ( Gibberellin ) 1 i T
% BTIFY2, IFTIFYS, IFTIFY11 R IPTIFY12 A4 K
% (Auxin) W IG5 . FEEEMNE T IFTIFYS
IFTIFYS, IFTIFYII R IFTIFYI2 W N T 5 B 38
( Drought-inducibility ) ; IrTIFY5. IrTIFYS. IrTIFYI0
N IFTIFY11 % 75 335 5% 0 [ JC F ( Defense and stress
responsiveness ) ; IrTIFYI, IrTIFY3 ., IrTIFY4 ., IrTIFYG .
IFTIFY7, IrTIFYS., IrTIFY9 Al IrTIFY10 543 W W AR
i 38 JC 4 ( Low-temperature responsiveness ) % . I
Hh, R OUE E A SRR O T (IrTIFYL ) ;
MR F R IC (FTIFY3. ITIFY6. IrTIFYI2);
S 2k oot (FTIFYI0) . % &, Jash 1ot
SR, AW TIFY RIGAR B0 Z B 77 25 5
e, HES A B A TE R oo F, R
IrTIFY R R B R fE DI fig L AFEAE g orfk, ol
REAT AR (0 A= W4 DR, 0 i o 4 4 e i A
KA.
2.8 ZFRETIFY REMRRGHL S
BABRBEN 2R EA)TFHSUEIT . K
. A RS i TIFY S8R 8 A 790 17 ik
wsor b, 458 (K 6) B TIFY K% R AL 7
4N R, 439k TIFY. JAZ, PPD fil ZML, I
H TIFY 2 H X453 B WA 43 34 TIFY 1A TIFY 11,
JAZ 5y R SA5r 32, AR JAZ L, JAZ 11, JAZ I,
JAZ IV FI JAZ V., XV H TIFY F 5 85 & H o A 7

IFTIFYI2 & 47 B ¥ B2 ( Abscisic acid ) M Jif JC F ; #HA VAW 5y b, H oA O PPD (IiTIFY2) Al
ITIFYD, ITIFY2, ITIFY3. ITIFYS, ITIFY6.  ZML (ITIFY3/8/10), TIFY X539 P-4~53 500 TIFY
x5 ZRETIFYREERENTFRFEIN
Table 5 Codon bias of TIFY family proteins in 1. rubescens

7 i 5 e
G%r: f’flie Gene%ngi{n ti::;ijotome ﬁ)dl;NC/% /;ﬁ # GCr% GCls/% GC2s/% GC3s/%
IrTIFY1 D-tissues_transcript 12000 50.869 44.06 47.06 44.85 40.26
IrTIFY2 D-tissues_transcript 12412 55.717 46.92 45.85 50.19 44.72
IrTIFY3 D-tissues_transcript 13824 59.099 45.66 46.24 42.37 48.39
IrTIFY4 D-tissues_transcript 14652 54.066 43.83 43.44 39.62 48.45
IrTIFYS D-tissues_transcript 15941 55.686 48.84 47.13 52.27 47.13
IrTIFY6 D-tissues_transcript 16425 52.629 46.55 44.21 44.21 51.23
IrTIFY7 D-tissues_transcript 17017 54.526 43.25 39.22 37.93 52.59
IrTIFY8 D-tissues_transcript 27842 58.699 44.06 42.25 48.49 41.45
IrTIFY9 D-tissues_transcript 48324 50.617 40.31 37.7 42.67 40.58
IrTIFY10 D-tissues_transcript 51903 53.436 49.66 50.77 50.26 47.96
IrTIFY11 D-tissues_transcript 53470 56.905 43.92 42.18 41.19 48.39
IrTIFY12 D-tissues_transcript_57396 60.714 46.35 49.59 38.39 51.07
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Fig. 5 Cis-elements analysis of TIFY family promoters in 1. rubescens
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Fig. 6 Phylogenetic trees of TIFY family members in I rubescens, A. thaliana, S. miltiorrhiza, O. sativa, and P. trichocarpa
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Fig. 7 Expressions of TIFYs in different tissues of L. rubescens
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