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Identification, subcellular localization, and expression analysis
of longan FLOE gene family

ZHANG Chen-guang, ZHANG Chun-yu, LAI Zhong-xiong"

(Institute of Horticultural Biotechnology, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China)

Abstract: [ Objective ] This study aimed to perform identification, subcellular localization, and expression analysis of
the longan FLOE gene family members, explore the mechanism underlying the FLOE gene family during longan somatic
embryogenesis and stress response, providing theoretical reference for molecular breeding of stress-tolerant longan.
[Method ] Using the Arabidopsis thaliana FLOE family protein sequences as reference sequences, DIFLOE gene family
members were identified from longan genome. Bioinformatic methods were employed to analyze their sequence characteri-
stics. Real-time fluorescence quantitative PCR was utilized to analyze different early stages of somatic embryogenesis and
expression patterns under hormones and abiotic stresses of DIFLOE gene family. [Result] Three DIFLOE gene family
members were identified and named DIFLOE!, DIFLOE2, and DIFLOE3 according to their positions on chromosomes.
The number of amino acids encoded by DIFLOE family members ranged from 440 to 559, with relative molecular mass
ranged from 48.36 to 61.25 kD, and theoretical isoelectric points of 5.51-6.16, indicating that they were all hydrophilic
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and unstable proteins. The DIFLOE2 protein located in the vacuole, while DIFLOE1 and DIFLOE3 proteins were located
in nucleus. Phylogenetic analysis results showed that the DIFLOE3 gene clustered with the LITCHI022451.m1 gene of Li-
tchi chinensis, indicating that the homologous genes of Sapindaceae were conserved. According to results of gene and pro-
tein structure analysis as well as collinearity analysis, the DIFLOE2 gene had five intron, and the rest genes contained
two introns, with intron length showing difference between species; most members contained DUF1421 domain; a colli-
near relationship was found between DIFLOE?2 and DIFLOE3 genes, with the two genes located on different chromosomes
and the Ka/Ks=0.261, suggesting that they had been under purifying selection during evolution. Promoter cis-element
analysis and subcellular localization results showed that the promoters of DIFLOE family members contained elements
responsive to light and drought stress; the DIFLOE] gene had a strong positive response to high-concentration PEG and
was located in nucleus, which was consistent with predictions from online software. Real-time fluorescence quantitative
PCR detection results indicated that DIFLOE genes family members responded to different hormones and abiotic stress
treatments, but their expression patterns varied. [ Conclusion] The three FLOE gene family members identified from the
longan genome exhibit functional differentiation and clear spatiotemporal specificity, showing important roles in stress
response and hormone regulation for longan. The DIFLOE! gene shows a strong positive response to high-concentration
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PEG, thus, it is suggested to be involved in drought-responsive pathways.
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Foundation items: National Natural Science Foundation of China (31572088) ; Science and Technology Innovation

Fund Project of Fujian Agriculture and Forestry University (KFB24103)

0 5|8

[ 0 5% 2 ) e BR (Dimocarpus longan Lour.)
3R E Oy AR R, R SRR e
35 Dy o A8 T B A s AR L (B (5K AR S
2014 XB 224746, 2019 s )45, 2022) o SR, HAE
T2 R B A R RIS A ML 1 AR 58 4
WT (R #45 , 2020 5 B GESE , 2022 5 AR, 2022;
HTAE,2023) , BRI T HAUE SRR T S m R
%o CA WIS RW, FLOE R: R A ki b (k38
RUKSIRAZ 8% , TR AR S5 X TR 1 3E
B BA T (Dorone et al., 2021) . Kt , fi##r
e MR FLOE 3 PR G H0 i 53 2 B 732 S5 A0 AR
FERB LT fE , AT Sy ) B A o SR 30 45 3 oL
ML Lo TR , B b e IR B AL e R AT
PRI FERN , X4 T e IR AR 35 38 PR AT R Az 7= B
A TR A (AT A58 2E 8 A7k i 2 I
TR RE M BT 1B 1R 53 1 A )~ U R A 7 3
Mo FLOE 3 PR 50 PR LA 300 45 v 1o v ) o A
M2 32 & . HHE, )& T FLOE &L S 9
AT5 kb T 45 B B, /X Dorone 25 (2021) 4% 18 481 1 I
(Arabidopsis thaliana) AtFLOE1 %& [R 38 15 7] 356 fi#) 7K
B A AT 23 B R PRI K 4 iR, IR 3 R T
%o ERKUL, FLOEL B AH 2 B 5 i QPS 5 DS
2 AT XU I A 5 008 , BEAE TR R i A
[ AREE IR A Al 148, E I fh i & . O T
Yy 55w B LA, K ST R A5 T MYB (Li et al.,
2019; X1 HE 2 45 ,2024) .NAC(Mao et al., 2022 ; £k #
% ,2024; THEIES,2024) bZIP( i 014 ,2024;
B A 2025 ; 8 [/ 45, 2025) A WRKY ( JF] 1858

4520245 47 K4, 2025; Chen et al., 2025) 45 25 it
RN R, WAL MY ER S W0 (5 S
L HAEFAWE )12 8 (Dong et al., 2023 ; Abdulla
et al., 2024; Liu et al., 2024; Liu et al., 2025) , {H
FLOE SEPRUZ 5 F L5 538 s iy PR P AT il = R
AT o o AR AE A 7= 1 B v i 6 A7 2 Y PR 8
(A%, 2022) TR (EFBLE,2024) il (o
S PEAE, 2024) SEAE AR Y A0 7 5 ROV, X7 A
i A B R BR AR . ARk, IR h R T 24
PUAH L, ildn, Je R B2 LB B A DIB-
GALY9 5 MADS-box ¥4 5% K ¥ DIAGL61 Fil DIAGL80
A] i [A] JE 45 e AR G #4038 (14 i 5Z 74 (Chen et al.,
2024) , DIAGL61 1 DIAGLSO i i+ 5 S M 45 4 74
I DIBGAL9 JLH A 8 ¥, i 449 DIBGALY LK
SETG M s DIBGALY 3L M i 61k 1 DIAGLS0 Y92 547
A0 B o i AR B A TG R A (ROS ), T 4k 35 22 it
AR R AR 7 . JEHR DIERF6 55K ik 3Rk
AR | ME-3- 2, i (TAA) 4 A T4 25 ROS 1 B
RE1, 5= A K POl A K 1 BRI B 25 4 T
Je MR it TR 5 DIGHS3. 5 35 PRl sk 26 35 D g /b S IR AR £
ARG, RN ER ROS FlA: 1 254, 11155 1
Rt 4 ;s DIERF6 FE 1K BEA: S 45 & DIGHS3. 5 5& 1M
Ja 817 Y GCC-box JLAFFF I HZe ik , M mlJa #
&R K B 50 0 0 (Zhang et al., 2025) . [ A< HF
FEUIA ) B g C xR A 0 ST T é T FLOE
B R G5 B 53 4 78 M A3 BT AR5, TG T FLOE & K]
FI R G AE R AR 2 A v (R A o oA LR [ 401
i DR 118 G ) R ] DA ABL R 7 P SR BT 47 FLOE SR i
HAMERERITIENSH MRS BTk
1 22 Ji IR DIFLOE & PR 51 A Ot , FF % A P B Ak



- 1888 -

B o Rk F IR 57 %

PRI RS R E FER G ORI T R A5
Jeta e i LAt R SR TS A T
o3 Hr . 8 S E B PCR 7341 DIFLOE 4 A
FE L T AEAR IR e A RN R B B AN [R) 3R &
(PEG) AP A [R]85 25 Ab R ADAS [6) A E A= 4 30 A #
T FRIAE, R e IR o3 B RORAAE Py 3
BE3E N LTI AT S AR

1 #RE5FE

1.1 R R B E A HHE KRR

HE R L% T e IR IR A 4L (EC) ,
TR 2 e 2 A ) TR it . 28
A (1997) JE 37 B35 3% 07 15, XTI ME A s 1 48
HEAT S W75 oAk, RS 2 B[R] 2 B B B
R AL 4G AN 56 42 M B 52 4548 (ICpEC) FERIE ik
458 (GE) .

DIFLOE & [F ¢ & (1) 2 B 12 17 51 4 it IX ) 91
(CDS) e FE R T3 41 18] AR TR A2 241 20 1) — AR e IR
PRl 4 504 4 (NCBI %% 555 : PRINA792504) 3R H
21 & J} (Nephelium lappaceum) | TG & ¥ (Sapindus
mukorossi) . ¥4 B I¥ (Arabidopsis thaliana) | /)N %
(Triticum aestivum) . 7% ¥ (Litchi chinensis) . 4%
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Table 1 Primer sequences for real-time fluorescence quantitative PCR

514144 FF Primer

514741 Primer sequence

i Application

DIFLOEI-F
DIFLOEI-R
DIFLOE2-F
DIFLOE2-R
DIFLOE2-F
DIFLOE2-R
UBQ-F

UBQ-R
DIFLOEI-1302-F
DIFLOEI-1302-R

5'-TCCTCAGCAAGCACCACCTCAG-3'
5-TCCTTCCTCCTTCACCATCATACATCA-3'
5'-CTGCTAAGCGATGGATGTCTGA-3'
5-AGAGTTCTCAAGGTTGCGGGTT-3'
5'-AGCACCGTATCAACCTTATCAACCA-3'
5'-AACTTCTTCACGCTGATGGCTCAA-3'
5'-GCCGACTACAACATCCAGAAG-3'
5'-GCTTGGTGTAGGTCTTCTTCTT-3'
S'-acgggggactcttgaccatggATGGCTTCTGGATCGTCTGGT-3' YAz
S'-aagttcttctectttactagt CCCTGACCATCCTCTCTGCG-3'

S HEEE B PCR

EIk7 /s 2 M ANE R S S E =N ]

Lowercase letters in primer sequences were vector sequences
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Table 2 Basic physicochemical properties of longan DIFLOE gene family members

SER JEHID FEIRALE IR PSSR R X R ARUE RE PSRRI RS AN
Gene Gene ID Gene location Protein ~ Theoretical (kD) Instability Average Subcellular
length isoelectric Relative coefficient  hydrophilicity/hydro-  localization
molecular mass phobicity coefficient
DIFLOEI Dl10027311 Chrl13:4376048:4379786:+ 549 59.96 74.50 -0.876 Eail] 202
DIFLOE2 Dlo027737 Chr13:7788807:7792197 : - 440 48.36 52.05 -0.581 W
DIFLOE3 DI10032007 Chrl5:16404992:16408901 : - 559 61.25 78.04 -0.769 AR

1 EFET INE FE GBS KBEFRZRFLOERRARKREAFIHENRELER
Fig. 1 Phylogenetic tree based on FLOE gene family protein sequences of Arabidopsis thaliana, Triticum aestivum , Litchi chinesis,
Populus, Citrus sinensis, Oryza sativa, and longan
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TraesCs3D02G271600.1 T %x phs L — J . E Atrophin-1 superfamily
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TraesCs3A026202800.1 LM — LT ™ R —
|1E TraesCs3B026327600.1 ML f— - N S—
TraesCs30026292600.1 T M—— 1171 ™ — —————_
DI0027311 DLFLOE1 - e e I .
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DI0027737 DLFLOE2 —E—M—} D—‘]—[—i—:[ 45_
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ﬁ TraesCstD02G115300.1  —JHI———7L nmn——m _— L
TraesCS1A02G113700.1 —H—iﬂf—’-}—v L F,—M—H —_ﬁ_‘ﬂ_
TraesCs3A026092000.1  — | T —"—I7} M1 )
& TraesCs38026108100.1  — M TI—"—} m—rr -
Traescsap026003200.1  — L TIIL—— 7 e m ™~
5 3" 5 T T T 13" 5" T T T 13!

T T T T T T T T T T
0 100 200 300 400 500 600 700 0 1000 2000 3000 4000 5000 6000 O 100 200 300 400 500 600 700

El2 ZAR #E7TF/NE FLOEERREM RHRFERF (A) EFEEH(B) 5EERALHHAE(C)
Fig. 2 Prediction of conserved motif (A), gene structure (B), and protein domain (C) of FLOE gene family members in
longan, Arabidopsis thaliana, and Triticum aestivum

2
20 4 30

B3 ZERDIFLOE B RE K&K G B E AL

Fig.3 Chromosomal localization of longan DIFLOE gene family members



<1892 -

B o Rk F IR 57 %

DIFLOE3 F& [’ i F YL ta {4 Chrl5 .. DIFLOE2 5
DIFLOE3 3 F AIfFAE FLZR PR 22, HL2 AR 43 )
PR Y oA, B I ] R th e ik i BE
il 5 1AL (R S R & il F 4 . X DIFLOE2 Fl DIFLOE3
FE A A B P R B TR ) AT 40T, A5 R R I
KalKs=0.261, Ui #] DIFLOE2 1 DIFLOE3 %t [H 75 i#
feid FE v Z B ik B R

gk — R AT I HR SR A T S
HA TR R ] FLOE 3 [R5 05 i 51 i ik Ak ¢
Z 41 Hr DIFLOE J& [ 8% il 01 5 LB T S A e
{2 SR SR & /- Al GNP S S
(K 4) @R, 208 72 IR DIFLOE KM 525 i 51 5 1
T4 Fh (1) FLOE 2 A 52 15 i 3 B AF AR LR C R
H S5 EBSHFEGD R AR 2 R IR X
2.5 ZXHRDIFLOE EE K&K &R B3 FIn=X1E R
THSER

il 7 PlantCARE 43 ¥t DIFLOEI . DIFLOE2 Fl

A NI-Chr1 NI-Chr2 NI-Chr3 NI-Chrd NI-Chr5 NI-Chr6 NI-Chr7
> > [ [¢ [ =

DIFLOE3HE R 5 gl I E oo, 2558 (E15) R
Y TE I TT A R 3 25, 43 S AR AE W A AE i aa
M 1o, A A2 5 3 e 1, B AR A K & B . DIFLOE JE A
FIGN LA Sl T34 5 A e 4 (40 G-box \GATA-
motif il I-box ) , & B H T RE7E (5 S = B
HEYIRE . 76 R W N 7 TE BT R e 1V G 4
(ABRE) 5 @ i JoF (ERE) Ir i e il o it
VA= B Rl R R e A U A7 STER v S 1 R )
TEARIE ) MBS Je4: KR WA A5G LTR JT 4 KL
A5 93 9 360 AF 56 ) WUN-motif S04 , % W] DIFLOE
FEPR GG N 03 1) 2 18 32 B B2 B4 L A o
2.6 7 BRDIFLOE ERE KRR RFEEKKEE £ R
FRiIEDER

T 3o SE O E i PCR ST 3 A JE 7R IR &
A RN R IE KT 453 (81 6) k7R, DIFLOE 2[4
G 8 AE AR IR & AR R 5 N 28 3R Gk R
DIFLOE1 $£H () AH X} 2235 5 AE EC By Brak WA, Fifi

NI-Chrg NI-Chr9 ~ NIChr10  NIChri1  NIChri2  NIChri3  NI-Chri4  NI-Chri5  NI-Chr16
— T S S

D € D D € ] D D € D € D @ DI Gh— Y G— ) —
HHZ-Chr1 HHZ-Chr2 HHZ-Chr3 HHZ-Chrd HHZ-Chr5 HHZ-Chr6  HHZ-Chr7 ~ HHZ-Chr8  HHZ-Chr9 HHZ-Chr10 HHZ-Chri1 HHZ-Chr12 HHZ-Chr13 HHZ-Chr14 HHZ-Chr15

JDB-Chig JDB-Chro

JDBCH10  JDBCHr11  JDBChri2  JDB-Chr13  JDB-Chrld  JDB-Chri5
B D [¢ € D D D C [ D S G (?) (_’—_) | em—]
[/
« ) > e > ¢ &
ct ct HHZ-Chi HZ-Chrd c HHZ-Chre
nnnnnnnnnnnnnnnnnnnnnnnnn e
C > > [ > [ > ) ¢
) @ > ¢
nnnnnnnnnnnnnn
D ALC AChr2 t-Chr3 AtChrd AChrs
¢ « ) ¢
= \ \
= \
S SN o\
\\\\\
[ D € D € D € a « D @ D @ D o e D
HHHHHHH 2 3 G Z-Chrs HZ HZ-Chrg HZ-Chro HZC HZChr12  HHZChri3 c
smchs Smchr1o m-ot SmChr13  Sm
E ) C > ) € D D D @ D ] ) CEEER CEEED

HHZ-Chrt HHZCh2  HHZONS  HHZ. -Ches

HHHHHHHH >3

4 OinFRIRSEHMT B FRTRER L S
Fig. 4 Collinearity analysis between longan Honghezi and other Sapindaceae species
AL BAYEATRIR ; C: K D UM ST E: TR T
A': Nephelium lappaceum ;B :Longan Jidanben; C: Litchi chinesis ; D : Arabidopsis thaliana; E : Sapindus saponaria



64

SRR : AMRFLOE A B Rk % | I fn J 5 A Bk 57

<1893 -

R E IR A I8 R LEREAIL, 2 GE
W Be ik F Al ; DIFLOE2 5 DIFLOE3 R N F 30 Ky
HLTRY () 4 A7 B R IRFAE , 3 3 7E ICPEC Wi Bt ik i
i, 2= GEMBOARANE . 33 HTE I & A= 30
(I 25 R S P IR B 042 718 DIFLOE 2 P 520 1l
AIReS SRR R AR R TP R R & B S
2.7 ZBRDIFLOE &EERi&HK REARRIRE PEG
WIETHRIEDTER

FE£ T (Munir, 2022 ) (9 5% 5 280 00 77 458l | ) AR
PEG 48l T 5 038 2544 (181 7) , DIFLOE J& K 5¢
W B S B 22 57 3Rk . DIFLOE] M DIFLOE2 %
() AE X 2% 3K 1 Bl PEG ¥k BE 3 i 522 26 TR Js LT+
AL, Horp DIFLOET 3& KT 7.5% PEG Ab H R}
AT kB BT, 1 DIFLOE2 KK ()78 f A X6}
V2% . DIFLOE3 %[N W) AR T 2 1A 1 bl PEG ¥k & 48
INFF2e T B UL 45 RER W], DIFLOE 55 X i) )i
PEG 4Ll T 5038 , JUHIE DIFLOE T R X i vk
J& PEG 8L 5 ZU %) 1F 1] g 17, HE0 FL AT BB 2 St
S G o

2.8 7 BR DIFLOE % [E 5 & X 5 7£ 2,4-D KT #n
MeJA 412 FTHIRIES TR

KR 1Y 2,4-D KT 5 MeJA AbHE g HR iR
PER AL, R S 9 5 5 & PCR A5 I DIFLOE
FHEF G RFRE . 455 (& 8) iR, 2,4-D
REPER , DIFLOET & PRI A X 3k e ARk R 0.1
mg/L I 5 0 mg/L T I 3 25 5, TE MR B 4 0.5 mg/L I
AEXTFEI AT B 8, DIFLOE2 1 DIFLOE3 3[R (AH
X FER AR E ] 0.5 F1 1 mg/L I i 348 55 (P<0.05,
] s He A 0.1 mg/L i, DIFLOE K& PR 58 % it 53 1)
AT 2R I8 1 AR A /0N, Ul WA AT R R B — o Ve R Y
2,4-D A REA RS FHARIL . KT T, DIFLOEI
H DIFLOE3 J& Rl AR X A S AR FE M 0.5 mg/L Bt
2 EIN S A B A SR EE R A R R, DIFLOE2 %
(Y AH X 2638 1 ) 5258 T BRI B AR Ak 3
MeJA 4B, DIFLOET $& IR i A X 2 15 2 6 vk i
WL F TS, DIFLOE2 F:IH By AR ik 5
FEURBE A 10 pwmol/L B 5 5 , 05 B VR BE XS A BT
K , DIFLOE3 B[R AT R I8 E7E 50 pmol/L BB A
TR, ZEHREE S 100 pumol/L I I 45 i , B IZ L

DIFLOE] 1|1 EIEIE) 1[4 2 o [ o 11 a1 2] ofof0]0 269 21
DIFLOE2| 3 | o[1]2] 2R o 1| [ofo[1 1 o] [1 o] f2]1]1]0 34 14 13
DIFLOES gl ofo]+] I o A ] o I 1| Blofofelo]o]o[1] IS
S N--S) 55K = - E E - Be X xBEE®XEE=E w
- S £ B T £ O S 3 T 2328 L€ &% § 3
522225'?4 §E§§%§§<§ﬁ°"§§f“§§f52fo 20 40 60
2N < 3 | -] B f= N - Bkt
zZ 3z < 0 k) < < = U= < « Kt Count
> 5 P 3 27 © 2F oL U ey
z 9 < < < < e O = J4Jj Category
o 55 o0 = AT
£ = ARG
Abiotic and biotic stress
0 AR
EIHEsY/ IR )8 ] LiEL7: XL MR ET .;ﬁ}‘ﬁ‘;‘ft;“;ggr“p""“

Abiotic and biotic stress  Phytohormone response

Plant growth and development

251 Category
5 ZZHERDIFLOEERE KRN BB FIRKXIERTHS

Fig. 5 Distribution of cis-acting elements in promoters of longan DIFLOE gene family members

DIFLOEI
1.5 1.5 -
=] =]
S 8
0 Z 1.0 % 1.0
R & R &
5 ® 5
[ [
mE 054 EE 054
2 3
0.0 - 0.0
EC ICpEC GE
MY EZ Stage

EC

Plant growth and development

DIFLOE2 DIFLOE3
2.0 a
a
=]
T
Kl &
#® S 1.0 1
k2 ¢
Tz
2 0.5
0.0 -
ICpEC  GE EC ICpEC GE
M E& Stage MY EZ Stage

Elo6 ZAARDIFLOE & E Rk RAEMIE% £ R AN RiLE
Fig. 6 Relative expression of longan DIFLOE gene family members during early somatic embryogenesis
PR AR TR]/ING SR 30 22 53 135 (P<0.05) o 141 8 FIE 9 )

Different lowercase letters on the bar indicated significant difference (P<0.05). The same was applied in Fig. 8 and Fig. 9
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