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Abstract; TIFY gene family plays a very important role in Camellia sinensis hormone signal transduction and its adversity

stress. Bioinformatics methods were employed to identify the TIFY family members in the C. sinensis genome in this
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study, and the physical and chemical properties, system evolution, gene structure, chromosomal location, the cis-acting
elements of promoter region and tissue expression pattern were also analyzed, and the results of RT-qPCR experiments
verified the hormone response and stress response characteristics of some members of the TIFY family. The results were
as follows: (1)There were 19 TIFY gene family members ( CSTIFY1-CSTIFY19) in C. sinensis, which belonged to four
protein subfamilies of TIFY, JAZ, ZML and PPD, and distributed unevenly on eight chromosomes. According to
evolutionary relationship and structural characteristics, TIFY genes could be divided into seven groups, and members of
each group had similar gene structure and conserved motif. (2)The promoter region of the CsTIFYs gene contained a
varieties of cis-acting elements in response to abiotic stress and hormones, the RT-qPCR experiments proved that its
family members were highly responsive to methyl jasmonate, salt (20% NaCl), cold (4 C) and drought (20%
polyethylene glycol 6000) treatments, and some genes were highly expressed during the development of roots and apical

buds. Based on the above results, it is speculated that the T/FY gene family may play roles in C. sinensis hormone signal
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regulation, stress defense response and growth and development.
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TIFY FJ% & — A5 TIFY 459 3k 0 48 ) ¢
AR F (R4, 2020) |, 78 R RN HH kR B
YEFH (BAF 5545 2020 ; He et al., 2020) , AR 4R 5F
SE IR B S [], TIFY 5 R K % 50 0 TIFY | JAZ
ZML A1 PPD 3t 4 A~ 55 11 % ( Vanholme et al.
2007; Bai et al., 2011) . TIFY WKL & TIFY
2E R I ( Staswick, 2008) , HoAh 3 J5W0 K G i 1 &
HoAZE ¥ 585, 40 . ZM AR 2K 0%, B4 ZIM (TE A4
7 H TR AU EEHE Meristem ) A1 ZML &5 H , AR AL &
C2C2-GATA % 4§ DNA %5 & B Ml CcCT i
( CONSTANS, 2&fBl CO i TOC1) ; JAZ W 3 A K ik
B E—DRSEIR I, EATH C b iE KRAH 27 4
GHER , R NAEN Jas BF, HUF 5 N i AH AU
CCT ¥ A9 —HR 5> (Kang et al., 2011) -7 A RRAEFE
J# SLX2 FX2 KRX2 RX5 PY ( Hakata et al., 2012) ;
PPD W4 1 X 15 B A SR N 2R i PPD 45 44 35§
(Kang et al., 2011),

TIFY 5 B 51 5 AW 0% TE R AR 4 DL S 36
JO7 RS A AR T (B BRI 45, 2020 ) o 7E UL OT
(Arabidopsis thaliana) " /& 38, AtTIFY1 ( ZIM ) 7£ &
HERAR AR Rl R bl B AR ] (B A A
2017) , T AiTIFY4a( PPD1) Fl AITIFY4h( PPD2) %
57T B 4 K (Alexandra et al., 2018) ., I 3t
TOC1 A1 CO 8T ZML 28F, E8 S 50 )
G55 38 &N 5 E A MHEAEH (Bai et al.,
2011) , HABAEY WA A5 ( Citrus reticulata ) {875 )
1 (5RIEE2020) KR (Oryza sativa) £ B30 ( Ye
et al., 2009) /N2 ( Triticum aestivum ) + 5 W 38
(Ebel et al., 2018) 5§ TIFY JEH O A 1E4I0F5T , %

W TIFY JDUESAR 2 5 R 0 A KO E AR
X7/ S

KM (Camellia sinensis) /=18 B 5 1 & TEAEY)
X g Al A R 2 % e B AR (O
Hg,2016) , ITAEAR, FSRAR B AR A4, an s M
B ZW AP ALK 50 5 hm® , T AW RIAEAY)
SR BV S P B0 = b s SN (1P S BT - N
K B IR IRRAME i dUF 255 08, 5 8Os
= A4S i 5 B R B ( Cheruiyot et al., 2009 ;
Liu et al., 2016) , HAT, 7EAW A & TIFY ZKE
H DG B 2D 7T 25 A 5 R 2000 540 1) & A A
F T A e PR AH K P X 2R B TIFY 506 8 D1 it A7
YE 5 4 B (Wei et al., 2018; Wang et al.,
2020) . AWFFEHI ISR B AR, %0 T 2 A4
TIFY 74~ ZML 2/}~ PPD F1 8 4~ JAZ &4, W Hf A
PR R 25 4 R S BE AR R AR Sl A S I SO
i (RT-qPCR) 20 T AR ST R I 52 08 A
AEFRR A R IB R DU PR 58 3%k IR I il A e
AR RIAL] , S it — 2B BIE5E TIFY B R 5%
TEZS I Wi 380 B B0 AL T IF 5% B9 B Ailh, A oA O Bl 3
FE A AR AR

1 #HEF®

1.1 R4 18

SCIG OB OR B Ut M R A oo ST Bk % [
(106°39'18” E 26°27'13" N ¥4k 1 130 m) , ¥EHL
ARKRERLG KAFLA - PEERES KA
R D (PHE TR L), N TR E 5K



2046

70 W

42 3

WE MR (22+2) C 1B E 65% Y IREL T 47+
F(20% PEG-6000 ##) \Eh (20% AL )
FZEFTHZ S (1 mmol - L) BiE 85 5 & i 45 0
1 mmol - L™ SRR FH ¥4 Y W5 04 75 A 7] Ak $HLAR PR 1)
MR (1 ZF 3 M) BEEAT R A E W AR AR (0,
12,24 48 h) JG WY 1 2F 3 15 20% S Ak B4 9%
20% PEG-6000 % ¥ 73 % 58 #E A5 ) (500 mL ¥
W) WCAE P R AL FE (0,24 48 .72 h) JEHY 1 2 3
s ADGHR R FRAA AT 4 CALFE(0,12.,24 .48 h)
M1 2E3 M, BEAALEE 3 A RR R, B A AN E A
e, ARG PR AT =80 CARIFAHI
1.2 8 TIFY RN EES TR

M TPIA %54 J% ( http ; //tpia. teaplant. org/) T
HORRIE R A DL e | P A s . R iR 4
YE W LR JT TIFY JF 9 88 22 45 Plam U4 17
(http : //pfam. sanger. ac. uk ) 3k B HE PR 58 % 1Y & A%
G5, K BL TIFY 258 38 ih Plam %5 55 PF06200
FooR, [ HMMER DL E {8 1xe 8 R AW EEH 4
B % (http ://tpia. teaplant. org/ ) W B &% A TIFY
SERIER A B VR TIFY 580 A9 16 18 8 11, fd A
HMMER 5% £ Ui A 68 1 25 19 Jel o 75 58 8, 8%
TIFY JE PR 55 g Ve R 1 $R 22 2 Plam £ 4 £ if1)
FLARGRSF 45038, M BR AN B 5 TIFY 2543 n8 85
(BEW 455 ,2020)
1.3 FHLNMEELAE ST

TIFY X & % 4t # 4k 7¢ B B 48w IF
( Arabidopsis thaliana ) TIFY ( Vanholme et al.,
2007) . B R4 ( Populus trichocarpa) ( Wang et al. ,
2020) . # %] ( Vitis vinifera) ( Zhang et al., 2012) }&
i e B A4 TIFY 25 75132 52 2] Muscle #F,
8 A Z2 8 He X fd 1Qtree BT R S FE TR B
P # A fd A 1Qtree K 4 il i ML ( maximum
likelihood ) ¥ A B HE AL A, 5 % H 28 1 000 4%
B TIFY By R4 20 B 85 250 TIFY 2 B v 51 48
ZEF Muscle 8, 3 13 5 51 2 5 LT, i 1Qtree
B A R e AL 1Qtree FX 4R H
ML 2548 i N FEAR R, BEE A 284 1 000,
1.4 28 TIFY B EMMEFSE ST

MR 1.2 A9 85040 25 BT 12 B8 B PR 20 3 R4
Farh By TIFY J PRUTE 0 g a0 i & 5 B2
A2 % TBtools B, 13 BN Y R E (L IE . 244 TIFY
TG54 43 B B 28 W TIFY 056 W & F A7
B RE AR SR DR L A S 5C & TBtools 4K

P, ARG R N ZE 1B, 25 TIFY £ <5 2 7 o0 #r
W54 TIFY 2 ()7 914238 & MEME 5.2 (http://
meme-suite . org/tools/meme ) , 3k Fr A H B E R
10, motif K FEX B A 6 ~50 aa, {# FH TBtools 1] 4k
MISCHE . 8 TBrools AT LML TIFY 3 PR 52 5
SFESFBE B
1.5 %8 TIFY B3 FRIRXAE R T 547

FRAE 1.2 Z A B D ZH s 42 e TTFY SR | il
2000 bp JBtAEN TIFY SRR )G 8715 41, $252
Z£ Plant Cis-Acting Regulatory Elements ( hitp://

bioinfor-matics. psb. ugent. be/webtools/plancare/

himl/) 73 A J& 3l ¢ 2 /Y 0 =8 A/E oo 4, fd
TBtools FJ #LALAH CE i
1.6 %8 TIFY ERBRARAEKX S

AR 1.2 A9 80 PR BT 1k 3R A5 20 W AN [R] 1 41
TIFY J R (i 3k & (TPM) DA KR A= i F
TIFY 3 AR o i R 1548 (TPM) |, f# F TBtools
BRI AR SR N R R
1.7 RT-qPCR 4 #ff

TNEOR W TIFY &N 5% P 5, OF A IDT
(Integrated DNA Technologies ) W 3l ( https://sg.
idtdna. com/Scitools/ Applications/RealTimePCR/ ) 7E
KI5 W, ¥ CsGAPDH fE RN 2 X (%
), 4% Wl R & ol 945 322 R W ok
RibonucleicAcid (RNA) ( At 548 7 A= Wy Rk A BR
AT IR RGN & R B (L st R R TR AR )
FARA R 7)) 3005 5% i cDNA | I 7 52 I 8 &
RT-qPCR, F] H RT-qPCR {% ( T100 Thermal
Cycler,Bio-Rad 24wl ) #£47 RT-qPCR J IV, 2 v 72
¥ 2% (Yao et al., 2020) , RRHEALIIBEE 3 K
HPARFESE , 27 R REE R AR XS R KK

2 HERH A

2.1 ZW CTIFY EEMESERALTE

LUE B 19 4> TIFY JP 5, 5 454 CsTIFY1-
CsTIFY19 ,fy % Wit J¥ 2 B8 Vu-TIFY ( Zhang et al.,
2012) 40 )@ 4 DWFEE, I 2 FiR,
2.2 4 TiEY TIFY BEEMRZ LB S

81 N M P 4 47 2 & X, FI ] 1Q-TREE
R, TIFY JEH Z5E M 4 A K% B
WA AN 1 s, PPD V2K (A & 250
CsTIFY4 53T AtTIFY4a AtTIFY4b,{H CsTIFY4



12 1 WS . AW TIFY JEPH 505 58 8 S AR AR YIaa Rk o i 2047
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Table 1  Primer sequences of TIFY genes for RT-qPCR
T 2 EWEsI# (5°-37) TSI (5°-3")
Gene name Forward primer (5'-3") Reverse primer (5'-3')
CsTIFY1 CAACCCATTGCTACCGATCTAC GAGGAGAAGTTGAGCTGCTTATT
CsTIFY2 GTCTGATCCCTTTGCTTCTTCT GAGTGCCACCTTGTCCATTAT
CsTIFY18 CCAGATCGAAGACGAAGAAGAC CAAAGCATGCGGATGAACAC
CsTIFY6 GAGACCCGAAACCACAAGAA TGCTGAGGAAAGAGATCCATAAG
CsTIFY11 TGCACTCTCTTCAACCGATAAG TCCATAAGGCGACACGAAAG
CsTIFY15 CTTGGGAGGGCGAGAAATAC ACTTGAGGCACCACCTAAAC
CsTIFY8 CGAACAAGGCAGATGTGATAATG CTCCACTCGGTATGTAGCTTTC
GAPDH TTGGCATCGTTGAGGGTCT CAGTGGGAACACGGAAAGC
K2 FEWTIFY EERKEARER
Table 2 Basic information of TIFY gene family in Camellia sinensis
I KT S5 etk T H B e il
Gene name Gene number Chromosome Number of exons Protein length Molecular weight Isoelectric point
(aa) (Da)
CsTIFY1 (CSS0031905.1 Chr2 5 295 31 531.1 10.08
CsTIFY2 (CSS0022053.1 Chrl2 7 399 41 501.3 8.25
CsTIFY3 CSS0012514.3 Chr12 7 399 41 500.3 8.49
CsTIFY4 (CSS0031620.2 Chrl3 9 336 37 334.7 8.84
CsTIFYS CSS0011019.1 Chr3 5 262 29 266.8 9.11
CsTIFY6 (CSS0010510.1 Chrl5 5 234 25 506.6 10.23
CsTIFYT (CSS0028188.1 Chr8 3 137 15 604.9 10.45
CsTIFY8 CSS0000568.1 Contig605 3 130 13 914.2 4.45
CsTIFY9 (CSS0050449.1 Chrl5 7 304 33 496.6 6.67
CsTIFY10 (CSS0037100.1 Chrl5 7 304 33 483.6 6.67
CsTIFY11 (CSS0034430.1 Chr6 6 218 24 039.8 9.62
CsTIFY12 CSS0017505.2 Chr3 7 324 34 469 4.98
CsTIFY13 (CSS0003047.1 Chr9 7 282 30 964.1 6.04
CsTIFY14 (CSS0004261.1 Contig509 7 326 34 657.2 4.98
CsTIFY15 (CSS0045061.1 Contig509 11 363 39 325.5 4.67
CsTIFY16 (CSS0050427.1 Contig969 10 364 39 466.1 4.48
CsTIFY17 (CSS0016802.1 Chr9 11 377 412233 4.56
CsTIFY18 CSS0017184.1 Chrl3 2 116 12 261.3 3.75
CsTIFY19 (CSS0036245.1 Chr3 2 115 12 095.4 3.79

SImIT AtTIFY4a SR REGE ; TIFY W8 A%
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PIRAE R, 23t 20 A RO ; 3 A HoAh 2 E F 51 43
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Z W TIFY &30, &5 b 16/37, JAZ IV {4 &
AITIFY 5 CsTIFY J¥ 41, 3E11 3 4~ JAZ V A7
CsTIFY (& 1),

2.3 i TIFY EE Mt EHE R EHFE S5

A EILRRIEAT T R G L B 5 Hrix B4
19 DN TIFY B 5 (K 2) . HEHKEA 4 F
P TIFY FHMERGEEEW (K1), [f—A4~
FE TIFY & A i TR 2,2 61582 EH
CsTIFY4 il CsTIFYS HAlR Fy—A (Kl 2. A) . F
FH MEME 44X 2544 TIFY 1257 585 241 B R OR <F
FEFECH AT 0, S B E 10 MRS EE, K
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A. Phylogenetic relationships of TIFY gene in Camellia sinensis; B. Schematic diagram of the conserved TIFY protein motif in C. sinensis tree

predicted by MEME; C. Conserved functional domain; D. Basic gene structure of TIFY genes in C. sinensis.
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Fig. 2 Functional domain and structure sequence of TIFY gene in Camellia sinensis
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Fig. 3 Chromosomal locations of CsTIFY genes in Camellia sinensis
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Fig. 4 Promoter stress-related cis-acting elements of the 19 TIFY genes in Camellia sinensts
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