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Abstract: The sugar transporter SWEET (sugars will eventually be exported transporter) family has sugar transportation
activity for glucose, fructose or sucrose, which is involved in the phloem loading and unloading of photosynthetic
product, as well as physiological processes such as flower, fruit and seed development in higher plant. To explore the
physiological functions of CitSWEET15 (Cs7g02970) during fruit development and ripening of sweet orange, gene
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cloning, expression patterns, subcellular localization and sucrose transport activity were performed in the study. The
ORF (open reading frame) of CitSWEET15 gene was 918 bp, which encoded 305 amino acids, and possessed seven
transmembrane domains. The theoretical isoelectric point of CitSWEET15 was 6.29, and the relative molecular weight
was 34.15 kDa. Phylogenetic analysis suggested that CitSWEET15 together with AtSWEET15, VVSWEET15,
LCSWEET15 and PUSWEET15 were orthologous genes, and belonged to the SWEET III clade. Sequence alignment
showed that nucleotide and amino acid sequence identities of CitSWEET 15 with those of Clementine mandarin, Mang-
shan wild mandarin, Kumquat, Pomelo, Citrus ichangensis Swingle and Citron were 98.69%-99.9% and 97.38%—-100%,
respectively. CitSWEET15 and the mentioned Citrus SWEET15 members were completely consistent with four sucrose
recognition sites and three sucrose transport activity sites of AtSWEET13, which suggested that all CitSWEET15 and
Citrus SWEET15 members may have sucrose transport activity. Quantitative real-time PCR analysis demonstrated that
the expression of CitSWEET15 was high in the seed and fruit pulp of sweet orange, the expression level of CitSWEET15
in fruit pulp was low at 80-140 days after flowering, then significantly up-regulated as fruit development, and reached
the highest at 230 days after flowering. CitSWEET15 was fused with green fluorescent protein at the C-terminus, and
then transiently expressed in Arabidopsis mesophyll protoplasts. The subcellular localization analysis suggested the
fluorescence signal was distributed around the outer edge of protoplast, indicating that CitSWEET15 was located in the
plasma membrane. By heterologous expression in Saccharomyces cerevisiae W303a (W303-1A) strain and incubation in
the sucrose analogue Esculin, the fluorescence intensity was detected to test the sucrose transportation activity of
CitSWEETI15 and AtSWEETI10 (At5g50790, positive control). The fluorescent intensity of yeast cells expressing
CitSWEET1S5, as similar as AtSWEET10, was significantly higher than vector control, indicating that CitSWEET15 had
sucrose transportation activity. In conclusion, CitSWEET15 is highly conserved in Citrus species, functions as a plasma
membrane sucrose transporter, and involves in apoplastic sucrose transport during fruit ripening of sweet orange. The
results would provide a basis for understanding the soluble sugar accumulation in sweet orange fruit, and a candidate
gene for improving fruit flavor and quality.
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J¥A, AL+ ExPASy ( https://web.expasy.
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( Coolaber, SK2400 ), #4kbJ5 ) &4 PCR
P HEIIE
1.2.6 Esculin #5340  BELEBH M o0 B
SC/-ura ( 2% %M AR ) WARKEFR3E 30 CRE
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ODegoo TH. o 7555 1 4> ODeoo 1ELHA B4 L (1) 5
SR AR, ARSI PR SO BRI B Yok HF 4 ok
LR ERE B TERE |

2 HER5H5H
21 ERFE=E

2 RT-PCR 4" F0ill F7> 36 9, CitSWEET15 1Y
ORF K J¥ 4 918 bp, Fifi 305 N ILAR ., i H:
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%, 4390 99.13%F1 98.03%. S5 HHA% & BHl .
HEBMME SWEETLS LN % H IR ¥ 51—
FH 98.69%~99.02% , & FEFRF I — B KN
97.38%~97.70%,

AtSWEETI15
LcSWEETI1S
@CitSWEET15

PuSWEET15
VvSWEET15

AtSWEET10 | Il
100 — AtSWEET11
L — AtSWEETI2
AtSWEETI3

100 AtSWEET14

AtSWEET9

53 AtSWEET2
Lr‘ AtSWEET3 I
AtSWEET1

100—— AtSWEETI16

L AtSWEET17
AtSWEET18

100 —————— AISWEET4
95 AtSWEET5 |1
100 AtSWEET7

| I

B 1 CitSWEET15 5Hfth SWEETs R GEH LK &
Fig. 1 Phylogenetic relationship of CitSWEET15
with other SWEETSs

100

99

HI AT SWEET 1T 2% 51 AtSWEET13 & [
SERRAT R, A T R R B X R R A
iz B e PRI, 4% CitSWEETI15 & b i it
W2 SWEET1S (WL 7 HI LA X, 255 0
Bl 2, 4 AR R AL s (/25 S/56.
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Tab. 1 Sequence identities between CitSWEET15 and other Citrus SWEET15 genes
% YyFh e A g J¥511—3% Sequence identity/%
Genus Speice Gene ID ¥ 2 Nucleotide FHFFR Amino acid
1% I 2 T4 Citrus clementina Ciclev10032218m 99.90 100.00
G R 5 1LIET4% Citrus reticulate Mangshan MSYJ161430.1 99.90 100.00
K 4t Fortunella margarita $j£010020.1 99.13 98.03
A & i Citrus grandis Cg7g022060.1 99.02 97.38
it e HE# Citrus Ichangensis Ci016560.1 98.69 97.70
) Hi#% Citrus Medica Cm011230.1 98.91 97.40
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CsSWEETIS :
Ciclev1003 :
Cg7g022060 :
Ci016560 :
Cm011230 :
MSYJ161430 :
jg010020 *
AtSWEET13 *
AtSWEET15 *

CsSWEETIS :
Ciclev1003
Cg7g022060
Ci016560
Cm011230
MSYJ161430
sjg010020
AtSWEET13
AtSWEET1 5 :

CsSWEETIS5 :
Ciclev1003 :
Cg7g022060 :
Ci016560 :
Cm011230 :
MSYJ161430 :
jg010020 *
AtSWEET13 ¢
AtSWEET15 *

CgSWEETI5 : B
Ciclev1003 : Eus
Cg7g022060 : E
Ci016560 : §
Cm011230 : g
MSYJ161430 :
jg010020 :
AtSWEETI13 : E
ASWEETIS : E

i : 238
i ;238
i 238
@ 238
i : 238
i : 238
+ 238
§ ¢ 230
£ 238

SNFKSIEVESGLQLQQENDNNNTDDGCEAVE JERE]IR]
SNFKSIEVPSGLQLQQHENDNNNTDDGCAVE IRIK]IN)
SNPKSLEVPSGLQLQQHENDNNNTDDGCAVA IEIK]IS)
SNFKSIEVPSGLQLQQENDNNNTDDGCAVA /IRNK]IA)
SNPKSIEVESGLQLQQHNDNNNTDDGCAVE /IRNG]IN)
SNPKS L Evpqc:qxqqnvnuunrnnPCAvgz : 305
: 305

g : 294

: 292

WSk R A3 I FR 4 TR V25, S/56. V/146 Fl S/177; =MAF5 43 IR
3 ARSI VEAR A5 : W60, N/77 Fi W/181,
Arrow symbols represented four sucrose recognition sites: V/25, S/56, V/146 and S/177, respectively; Triangle symbols represented
three sucrose transport activity sites: W/60, N/77 and W/181, respectively.

B2 2% SWEET15 B RS AtSWEET13 #1 AtSWEET 15 SE# R 5 R <7 (L R 5 #7
Fig.2 Conserved sites analysis of amino acid sequences in Citrus SWEET15 members, AtSWEET13 and AtSWEET15
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Fig. 3 Expression patterns of CitSWEET15 among various
tissues and fruit developmental stages of sweet orange
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Fig. 4 Subcellular localization of CitSWEET15 protein
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* indicates significant difference (P<0.05), ** indicates extremely
significant difference (P<0.01).
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Fig. 5 Transportation test of sucrose analog Esculin by
yeast cells expressing CitSWEET15
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