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[ Abstract] Objective: To identify the TIFY gene family in Eucommia ulmoides and analyze its
expression from the whole genome level to lay the foundation for further study on EuTIFYs gene function.
Method: Based on the E. ulmoides genome database, the TIFY gene family was identified through
bioinformatics analysis tools such as National Center for Biotechnology Information(NCBI) ,MEME, PlantCare,
Expert Protein Analysis System (ExPASy) , and TBtools. Physicochemical properties, phylogenetic evolution,
gene structure, cis-acting elements of the promoters and their expression patterns in leaf development and gum
formation of the gene family were systematically analyzed. Result: In this study, fourteen EuTIFY genes
(EuTIFYI1-EuTIFY14) were identified in the E. ulmoides genome. The FuTIFYs were composed of 312-1 074 bp
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nucleotides encoding 102-357 amino acid residues, with isoelectric points of 4.99-10.06 and molecular weight in
the range of 10.8-39.14 kDa. According to putative subcellular localization, proteins, which were mainly
hydrophilic proteins, localized in the nucleus. The 14 EuTIFYs were unevenly distributed on 13 chromosomes.
EuTIFY gene family was divided into four subfamilies: TIFY,JAZ,ZML,and PPD,which contained three, four,
five, and two members respectively. The promoters of EuTlFYs contained multiple photoperiodic and abiotic
stress-responsive cis-acting elements, which were involved in plant growth and abiotic stress regulation.
Expression pattern analysis showed that EuTIFYs exhibited different expression levels in different development
stages of E. ulmoides leaves and multiple interactions, and most of the genes were highly expressed in the early
stage of leaf development and positively regulated the formation of E. ulmoides gum. Conclusion: Fourteen
EuTIFYs were identified from the whole genome of E. ulmoides, and their structural characteristics and
expression patterns were analyzed by bioinformatics. The findings of this study are expected to provide

references for further research on the function of EuTIFYs.
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Table 1 Sequence characteristics and predicted subcellular location of Eucommia ulmoides TIFY proteins
JEIH 1D EEE DAL s COSIL RAMAA HHD TG ey
/bp (aa) /Da
EUC09100-RA EuTIFY1 AT3G21175 scaffold1029 obj 978 325 34 571.50 6.02
EUC26236-RA EuTIFY2 AT4G14720 Super-Scaffold 285 792 263 29 218.76 8.60
EUC18145-RA EuTIFY3 AT1G30135 Super-Scaffold 67 360 119 13 468.51 9.30
EUC06366-RA EuTIFY4 AT5G 13220 Super-Scaffold_162 552 183 20 189.12 10.06
EUC16517-RA EuTIFY5 AT3G21175 Super-Scaffold_32 924 307 33973.70 6.26
EUC07637-RA EuTIFY6 AT3G21175 Super-Scaffold_427 1062 353 38 855.15 4.99
EUC08780-RA EuTIFY7 AT1G19180 scaffold111_obj 738 245 27393.98 9.57
EUCO01091-RA EuTIFY8 AT1G19180 Super-Scaffold_525 780 259 28 117.61 9.47
EUCI10113-RA EuTIFY9 AT4G32570 scaffold637_obj 318 105 10 798.85 6.01
EUC21353-RA EuTIFY10 AT1G19180 scaffold126962 obj 312 102 11 647.17 6.25
EUC03129-RA EuTIFY11 AT1G51600 Super-Scaffold 150 1074 357 39 140.15 5.35
EUC24734-RA EuTIFY12 AT5G20900 Super-Scaffold 438 654 217 24 548.62 9.66
EUC03130-RA EuTIFY13 AT4G24470 Super-Scaffold_150 903 300 33518.22 5.95
EUC09763-RA EuTIFY 14 AT3G17860 scaffold292_obj 789 262 27 505.34 9.80
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Fig.2 Chromosomal locations of EuTIFY genes in Eucommia ulmoides
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Fig. 3 Conservative motif analysis of EuTIFY proteins
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Fig. 4 cis-elements distributed in promoters of EuTIFYs
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Fig. 5  Expression patterns of EuTIFYs genes at different

development stages of Eucommia ulmoides leaves
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Fig. 6 Expression pattern of EuTIFY genes in different

Eucommia ulmoides rubber content

DL SRy Ak A AN 6] A & B Bt v A ORE,
Real-time PCR & {ll EuTIFYs 3 K ) 3 ik K F .
EuTIFY1, EuTIFY2, EuTIFY7 1 EuTIFY10 & A 1£ i
R asa om , A M R B R IR K CF 3 W
8% , 4 52 EuTIFY3, EuTIFY12 Fl EuTIFY13 & Bl A 2
my ke BEE M kB R IB KB T L 2
5K V-5t & EuTIF YA, EuTIFY5 Fl EuTIFYS i %
MR RE, RBERKEF SRS, LR 2.
EuTIFY6 Fl EuTIFY11 & [F ) 3 35 2 3056 7t 5 )5 &
T 5 B a3, KW EuTIFYs fE AL b | % &
e NG E =Sy =F
2.7 kil EuTIFYs & M B A M 4 50 8 AL
STRING FlI Cytoscape 3.7.0 %k 1 , %t 14 4> EuTIFYs
HEHEAT T HAEMEE S, W7, P4 R g 3t
H 109 S (L F EWTIFYs & 1) ,29 & (1L FE &
H B Z 18] i AH B AE T ) , #8114 4> BuTIFYs A 10
MNEAAAEEAER R BuTIFY9 B AE & [ 8 i
% , 5 9 EuTIFYs & [ £ % B AE X &, B R
EuTIFY9 A fig &b T EuTIFY 3 [ % % #% 0 0 &,
EuTIFY3 Fl EuTIFY4 4351 7] LA 5 7/~ BuTIFYs &
H AE ,EuTIFY7,EuTIFY 12, EuTIFY 13 1 EuTIFY 14
¥j Al L5 6 4~ EuTIFYs & H H {F , EuTIFY2 Al
EuTIFY5 5 54~ EuTIFYs & [ B 4E , EuTIFY 1 f13 />
EuTIFYs&H H A& BAE L FR

R2 HMTIFY RBREEAEMHRFRXREPHREERX
Fig. 2 Expression patterns of Eucommia ulmoides TIFY family
genes during leaf development
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Fig. 7 Prediction of interaction network between EuTIFY gene

family
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