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Cloning and tissue expression analysis of TIFY genes in Luf fa cylindrica

LIU Tongjin, LIU Zhenyang, BAN Qiuyan, ZHOU Lu, CUI Qunxiang "

(College of Horticulture, Jinling Institute of Technology, Nanjing 210038, China)

Abstract [Objective] TIFY gene are involved in the regulation of growth and development in plants. This
experiment involves the identification of the TIFY family members in Luffa cylindrica, selecting the
highly expressed members in fruits, and further cloning and investigating their expression patterns in dif-
ferent tissues, in order to provide basis for the functional identification of these genes. [ Methods | Bioinfor-
matics methods were used to identify the TIFY gene family members in L. cylindrica. Transcriptome
analysis was performed to screen the highly expressed members in L. cylindrica fruits, followed by clo-
ning genes using RT-PCR. Tissue expression was analyzed using qRT-PCR. [Results] L. cylindrica ge-
nome contains 17 TIFY genes, which were unevenly distributed across 9 chromosomes, with CDS lengths
ranging from 297 bp to 1 353 bp, classifing into four subfamilies. Transcriptome analysis revealed that
LcTIFY2, LeTIFY7, LeTIFY11, and LcTIFY13 were highly expressed in L. cylindrica fruits. The

CDS sequences of these genes were cloned, comprising 3, 5, 6, and 2 exons, respectively. Tissue expres-
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sion analysis indicated that all four genes had the highest expression in the peel of L.

cylindrica fruits.

Additionally, LcTIFY7 and LcTIFY13 showed significantly higher expression in reproductive organs,

while LcTIFY11 exhibited significantly higher expression in female flower buds and ovaries. [ Conclusion]
The TIFY family members LcTIFY2, LcTIFY7 , LcTIFYI1 and LeTIFY13 may play roles in reproduc-

tive growth and fruit development in L. cylindrica.
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Primers used in the present study
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PR MR R (50 p1) S UL A, B #2598
CARME 10 5,55 CiB A 5 5,72 CHEAH 10 5,35 ME
W, WY R AT 1% B TR BB F Uk . B Y R B
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#H AT TIFY & H BT, MEGAS. 05 19 Clust-
alW HE17 7 51 Fb X} , 4B 4532 (neighbor-joining , NJ ) #4) 2
R RKEW, HE{E (bootstrap) & & 1 000 X,
1.2.6 ETR}*ESE PCR(qRT-PCR)H TIFY &
B RiE S

A ChamQ® SYBR gPCR Master Mix (Low ROX
Premixed) I 7 & (R 5% 145 MEE A4 4 B £ 1% A BR
2y H)D R ABI7T500 %06 & PCR X E #1722 K
TIFY e[ 335 43 B 14 22 R 2 g 72 5 2 O 3 )
SV, L LeUBQ fEANZ 1)y sk 1, M
2 M P IEAT AR SE BT, P SPSS 17. 0 K1
PEAT 8. 35 40 B . Excel 2214,

B [ 4 B

Gene name

LG

! I
Forward sequence (5 —>3")

= i
Reverse sequence (5'—>3")

TSI i
Application

LcTIFY2 ATGTCCACTCCCTCCGGC
AGATGAGTTTCCGACGGCTC
LcTIFY7 ATGTCGAGTTCTTCGGGTTTC
AATTTTCCGGCGGACAGAGT
LcTIFYI1 ATGTCTAGGGCTACTGTCGAGCT
TTCCAAGATCAACCCCGAGC
LcTIFY13 ATGCCGGTTCTTCCCATTTC
TGCAACTTGGAGCTTCGTCT
LcUBQ TGCTTCGTCTCAGGGGTGG

CTATAAGTTTAGATCAAATTGGCTTG
ACCAACACTTTTCCGCCGTA
CTAATGTTGCGGTTGCACAG
CAGGGGAAGTGGAGCTCAAG
TTAAGTTAGGTGGGGGCAGG
GGAAGTCGGCCTGAAGAGAG
TTATTGATTGTATGGTGAAGCAGACT
TCCGCAACACAAACTCTCCC

GTCCTGAATTTTAGCTTTCAC

HF FLFE Gene cloning
ZOLE # qRT-PCR
FEH 5 Gene cloning
P E i qRT-PCR
LK FE [ Gene cloning
Yl & qRT-PCR
A 5% Gene cloning
9 E H qRT-PCR

23K Reference gene

2 ZER 558
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450 MR IR B H 4 F B at o 10, 94~47. 74 kD,

PS4 M 5 (pD) 2 5. 02~10. 57, AR E 48 B
39.39~82. 06, KM N (—0.899) ~(—0.255) .
Wife 50 A 57.53~85. 16(£ 2), LcTIFY [ FK %
JEA 3 R R K ML S B 8 R H, LeTIFYG,
LeTIFY9 Ml LeTIFY 14 P55 B 8 7 R P v 1 L L
2.2 #ZR TIFY EEHRBEE N

174~ TIFY RN 7E P930757 22 N YL (4K [ fiy



11 #

X [E) 4. 55 . 22 TIFY 3[R 50 B S 2 21 3R 3k o i

1755

AL Sk B 5 A5 S EEk A
36512 S alk A 24,0,3,4,10,13 %5
YetafR XA 1AM 2.7,8,9.11 S Yok EJG
LeTIFY 4346 (B 1D
2.3 2N TIFY EREREHHRIESH

FHEE S B i 22 )8 TIFY SR 78 5L p

35 (£ 3D KM, LeTIFY2 , LeTIFY7 , LeTI-
FY11 M LcTIFY13 FERR 22N ST A R 22 K L7
Ry R A B W & T H AR S, BAE L RS
T ERAERES TS EMHETESS5 74K
WL EE. WL, B 4 A FE k47 50 B
HEFRIBIHT

x2 ZRTIFY XEBRRER
Table 2 The basic data of the TIFY family members in L. cylindrica

LI 4Bk oS i Bt IX. AHRREH 53 F i ISR A AR 3k M i 10 45 %k
(‘j;ne name Accession Length of Number of Molecular Theoretical Instability (:I\{AVY Aliphatic
7 ¢ number CDS/bp amino acids mass/kD pl index T index
LcTIFY1 Lcy00g000330. 1 1143 380 39.62 9.11 48.10 —0.292 67.66
LcTIFY2 Ley01g000280. 1 684 227 24.63 9.18 64.58 —0.616 58. 24
LcTIFY3 Ley01g002670. 1 1 008 335 36.92 7.56 56. 46 —0.752 64.33
LcTIFY4 Ley01g010530. 1 1353 450 47.74 9.09 51.15 —0.676 57.53
LcTIFYS Ley01g012330. 1 897 298 32.39 8.22 48. 14 —0.414 69. 70
LcTIFY6 Ley01g012340. 1 1 059 352 38. 39 5.02 41. 86 —0.708 61.73
LcTIFY7 Lcy03g010960. 1 699 232 24,57 10. 57 72.98 —0. 386 63.62
LcTIFYS Ley04g023010. 1 381 126 14. 08 10. 11 70. 37 —0.693 66.67
LcTIFY9 Lecy05g000180. 1 909 302 34.29 6.57 43.10 —0.787 64.90
LcTIFY10 Lcy05g000710. 1 861 286 30. 89 9.40 56. 85 —0. 848 58. 22
LcTIFY11 Lcy05g008490. 1 567 188 20. 64 9.45 59.01 —0. 380 85.16
LcTIFY12 Ley06g002410. 1 1101 366 38.91 9.37 50.41 —0. 255 76. 28
LcTIFY13 Ley06g009020. 1 426 141 16. 10 9.56 82.06 —0. 899 58.16
LcTIFY14 Leyl0g007670. 1 621 206 22.96 5.48 48.58 —0. 604 69.13
LcTIFY1S Leyl12g003600. 1 297 98 10. 94 9.91 56. 70 —0. 304 75.61
LcTIFYI6 Leyl2g016740. 1 1248 415 44, 46 7.71 39. 39 —0.588 65.57
LcTIFY17 Ley13g011400. 1 1143 380 39.62 9.11 48. 10 —0.292 67.66
—O0Mb ~LeTIFY2 RoLCTIFY
~LcTIFY3 -LeTIFY10 [[~LeTIFYI2
LeTIFY1
[~
- (—LeTIFY1L |~ LcTIFYI3
10 Mb % r—~LcTIFY1S
—~LcTIFY17
20 Mb g - -
° g 2 £ E : 3
9] i g 5 © 5 o
—30 Mb LTIFY4 ©
LeTIFYS —~LcTIFY14
TLCIYFY6
—40 Mb
~LeTIFY7 r—~LcTIFY16
—50 Mb
~—~LcTIFY8
—60 Mb
Bl 1 %R TIFY 3:H7EY ik Lo

Fig. 1

The distribution of TIFY genes on chromosomes of L. cylindrica
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Table 3 The expression profiles of L. cylindrica TIFY gens in fruits

ik 5 (FPKM) Expression levels

Z ik 5 (FPKM) Expression levels

A A

Gene ‘g ‘L Gene ‘g ‘L
LcTIFYI 19.1410. 1a 8.2+2.8a LcTIFYI0 46,944, 9b 87.144.0a
LcTIFY2 111.5+11.8b 241.9+3. 2a LcTIFY11 99.9+14. 3b 266.6410. 0a
LcTIFY3 12.440. 2a 12.740.9a LcTIFY12 15.1+0.7a 15.140. 8a
LcTIFY4 58.5+1.7a 45.641.3b LcTIFY13 39.6+2.9b 145.6+2. 3a
LcTIFYS 18.9+0. 1a 17.5%1. 4a LcTIFY14 1.140. 1a 0.9%£0.4a
LcTIFY6 8.5+0.7a 10.8+0. 6a LcTIFY1S 0.07£0.0a 0.1+0.1a
LcTIFY7 71.2+1.1b 158.7+2.7a LcTIFY16 22.2740.5a 18.240.9a
LcTIFYS 31.644.0b 51.1£2. 4a LcTIFY17 3.1+£0.2a 3.8+0.3a
LcTIFY9 52.1%2.4a 34.4=+1.2b

W ARFE/NG FREFR IR FE RN R IBEAE S ML 22 N R S A7 78 3% 25 5 (P<<0. 05)

Note: Different lowercase letters indicate significant differences of expression levels between ‘S’ and ‘L’ L. cylindrica at P<C0. 05 level.

2.4 £JK TIFY £EFEEE

PCR ¥ #4818 LcTIFY2 \LeTIFY7 . LeTIFYII
M LcTIFY13 1 H 45 (R 2) 4 2 3401 I
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JPE, H 5 H A S % )7 5] — 30, o Bl e 227,
232,188,141 A2 FE 1R 5 A 45 #4 43 Ar 3 W H: 43 )
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M 22 K s 37 19 TIFY 45 [P 3 i R 40
PEALR, Al 22 )R 17 4> TIFY % A48 8 JAZ.PPD,
TIFY Ml ZML 4 WKW 4 5 & A 11,1,2,3 4
B LS SRR ) 4 AN FE 22 N AR L S RIKW TIFY
BN JAZ WK R (K 3) .
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Fig. 2 The electrophoretic map of PCR amplification of

L. cylindrica TIFY gens (A) and gene structures (B)
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Fig. 3 Phylogenetic tree for TIFY of L. cylindrica (L.c)
and Arabidopsis thaliana (At)
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Fig. 4 Expression of TIFY genes in various tissues of L. cylindrica by qRT-PCR analysis
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