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Abstract: Sucrose phosphate synthase (SPS) plays a crucial role in the sucrose synthesis process, and investigating the
biological functions of the SPS family in durian (Durio zibethinus Murr.) can contribute to enhancing fruit quality. In
the durian genome, 10 SPS members were identified and designated as DzSPS1 to DzSPS10. The results indicated that
the average hydrophobicity coefficient was less than 0, with isoelectric points ranging from 5.70 to 6.68, suggesting that
they are hydrophilic acidic proteins. Subcellular localization predictions primarily placed them on the cell membrane
and nucleus. Analysis of conserved motifs within the gene family revealed variations in the number and distribution of
motifs among durian SPS members, although all contained motif 3, indicating that motif 3 is a significant conserved
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domain within the durian SPS gene family. Gene structure analysis showed that durian SPS genes were structurally
similar, containing 8 to 15 exons and 7 to 13 introns. Phylogenetic tree analysis demonstrated that durian SPS genes
could be divided into two subfamilies, with subfamily II comprising nine members and subfamily [ containing one
member. Compared to SPS genes in horticultural fruit trees such as cacao and citrus, durian SPS genes exhibited closer
phylogenetic relationships with Arabidopsis and rice SPS genes. Seven members of the durian SPS family shared high
spatial structural similarity, with secondary structures predominantly consisting of a-helices and random coils.
Cis-acting element analysis suggested that durian SPS genes may be readily induced by response elements related to
light, low temperature, drought, and gibberellin. This study detected that the primary soluble sugars in durian fruit are
sucrose, fructose, and glucose, with sucrose content significantly higher than that of fructose and glucose, and notable
differences observed among different varieties. Fluorescence quantitative analysis revealed significant variations in SPS
expression levels among different durian varieties, with the expression patterns of DzZSPS3 and DzSPS7 correlating with
changes in total sugar content between varieties, suggesting that DzSPS3 and DzSPS7 may be key members involved in
sugar accumulation. By analyzing the structure and physicochemical properties of durian SPS genes and exploring the
SPS accumulation characteristics in different varieties, this study would provide a reference for further investigation

into the biological functions of the SPS family in durian.

Keywords: Durio zibethinus Murr.; sucrose phosphate synthetase (SPS); bioinformatics; gene expression
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Tab. 1 Fluorescent quantitative PCR primers

K Gene F:H 5] (5-3") Primer sequence (5'~3") LK Gene F:H 75 (5-3") Primer sequence (5'~3")
DzSPSL TTAGCTGCCAAGACCAAGGG DzSPSs7 GGCCGCTTATCAAGGGATGA
GAGGGCATCTGCTATGGCTT CTTGCTCGCAGTTTACGCTC
DzSPS2 GATCTCTATGGGCTGGTGGC DzSPS8 GTGAACAAATTGGTGGGGGC
GTCCGAAAGGCTCAACCAGA AGCTGCTCGAGCTTGTTTCT
DzSPS3 AGCTTTCACTGGATGGCGAA DzSPS9 AACGTCTCAATGGTCCTGCC
CACCTCCTATAGCACCTGCG CTGGCGATAATAGGCCTCCC
DzSPA GGTTCCCCCTGTTAAGGAGC DzSPS10 TGTCCTTCCATCCGGTGTTG
TTGACAGGTCAACACCCCAC TCACGCAACAATACCGTCCA
DzSPS5 CTATGAGCGATGGAGGCGAG GmELF GCCCAAAAGACCATCAGACAAGC
GTCTCCATGGCACCCTTTCA CGGAAGGACCAAAAGTGACAACC
DzSPS6 ACAGGGTCGGCAATCAAGAG
TGCTCTAAGTTTGCGCTCCA
TE: GMELF yZ5|4e7,
Note: GMELF is the internal reference primer®”’.
Dz2 Dz10 Dz11 Dz15 Dz17 Dz19 Dz21 Dz26 Dz27
0r = = — DzSPSI
[ DzSPSI0
5Mb - = DzSPS8
10 Mb L E DzSPS6
15Mb E DzSPS7 DzSPS9 = Pesps2
20 Mb |
DzspS5s & — o
25Mb - i DzSPS4
- DzSPS3
30Mb | =
35Mb L |
40Mb L
B 1 #% SPSERpEMEENM
Fig. 1 Chromosomal localization of SPS genes in durian
x2 WESPSERLESEAREAUER
Tab. 2 Gene identification and protein physicochemical properties of durian SPS
Wl E D WS g TR REME BUKRH -
Gene Gene ID Subc‘ellu‘lar ol Mqlecular quber pf Hydrophqblmty Location
localization weight/Da amino acids coefficient
DzSPS1L 111276696 A A% 6.68 115 859.01 1026 -0.429 chr.26: 23 822~34 915
DzSPs2 111279832 20 it fis 5.91 119 515.25 1063 -0.431 chr.27: 13 282 115~13 289 347
DzSPS3 111284186 0 A% 6.04 117 797.54 1051 -0.351 chr.10: 28 386 092~28 392 498
DzSP4 111286073 A A% 6.09 118 072.89 1052 —0.419 chr.10: 25 486 518~25 495 125
DzSPS5 111293650 20 it fisE 5.85 48 112.78 425 -0.407 chr.11: 22 768 493~22 772 322
DzSPS6 111299386 A% 6.31 117 845.60 1054 -0.365 chr.15: 9 031 493~9 037 599
DzSPS7 111303296 i A A A 5.70 97 616.35 868 -0.481 chr.17: 15 286 445~15 293 489
DzSPS8 111307848 2 i g 6.24 119 881.85 1064 -0.420 chr.19: 5 549 188~5 556 639
DzSPS9 111310424 20 it fls 6.12 48 565.49 423 -0.387 chr.21: 14 628 094~14 634 893
DzSPS10 111311629 IE5IVN 5.99 49 272.31 433 -0.389 chr.2: 2 192 345~2 196 485

BK ZECMET 0, HP 10 MG SPS B M1 M 2%
KEE,; HATE7E 48 112.78~119 881.85 Da it

BN, FILMEELE 423~1064 Z|H]; % Ak
5.70~6.68, ¥J/NF 7, PIARRMESE H . o wi
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Fig. 2 Conserved motif of durian SPS protein
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Fig. 3 Gene structure analysis of durian SPS
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%, b 3 S
% @ & o di kb P 9
. & , ercentage/%
1%% ° ) & 5 &P b . - f)
4@% * A Protein (I-E%UT}E ﬂ:ﬁa% ﬁ'%ﬁi %fﬂﬁl’]%ﬁﬂ
s, ‘ ¢§$ Alpha helix Extended strand Beta turn Random coil
Dagpg C‘sﬁ DzSPS1 42.88 13.16 6.24 37.72
7 PS>
Dasns, oSt DzSPS2  42.05 13.83 6.30 37.82
Daspss CastS DzSPS3  40.91 13.61 6.47 39.01
srSh y DzSPS4 41.92 14.07 6.18 37.83
A5 | DzSPS5 3435 20.47 7.06 38.12
o s DzSPS6  40.99 13.57 6.93 38.52
o Oy DzSPS7  44.35 11.06 5.65 38.94
. 5
& o, DzSPS8  40.60 13.44 6.58 39.38
S 4,
A o % DzSPS9  34.52 19.39 5.44 40.66
) o ¢ b 2
S ? 3, % DzSPS10 36.26 19.63 5.77 38.34
og‘, é’? .0} % > 9 gui ‘%’
S § g8 %% "
< o e

AtSPS. OsSPS. ThSPS. CiSPS. CaSPS. LiSPS 43l J 4l
IF OKRE . ATAIRS R . B ARNRIZE ALY SPS B N S A
AtSPS, OsSPS, ThSPS, CiSPS, CaSPS and LiSPS are members
of Arabidopsis, rice, cacao, citrus, papaya and litchi SPS gene
family, respectively.

B4 SPSEREZKKRRGZHLH
Fig. 4 Phylogenetic tree of SPS gene family
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4 PTG RN S AR R, R R
DRSS RS

HASE SPS & A 1 F2 BEL5HA Y o- B e 1 1 1 )
Bt g, @3t SWISS-MODEL 1464 47 [\
TR T, 45 5 7R DzSPS1.DzSPS2 . DzSPS3
DzSPS4 . DzSPS6. DzSPS7. DzSPS8 123 i) 45 1)
AL ; DzSPS5. DzSPS9. DzSPS10 453 [a] 45+
FRAL, (R B H AR (&5 ),

25 1B#E SPSREIHFIMKIEATHSH

FIH TBtools ¥4 U E SPS FK kA
G-I 2000 B8 3EXT B 3 8, O
PlantCARE 7E£ 53 Hr T ELXIA3%E SPS L iR ik
PO TN . i 6 FiaR, TEIREEAR b

DzSPS5

DzSPS8

DzSPS9
B 5 #EE SPSEH=RLEHTN

Fig. 5 Prediction of SPS protein tertiary structure in durian

DzSPS10
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Fig. 6 Analysis of cis-acting elements of durian SPS gene family
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Fig. 7 Analysis of sugar components in durian fruits of different varieties
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Fig. 8 SPS expression in durian fruits of different varieties
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Tab. 4 Correlation analysis between SPS expression levels and fruit sugar composition in durian

o

?; E} Fiﬁe ﬁf{ﬁ S;’fﬁ . Tuji DzSPSl DZSPS2 DZSPS3 DZSPH DzSPSH DzSPH DzSPS7 DzSPS8 DzSPS9 DzSPSI0
sugar

B 1

WA 09647 1

HEA 0.464 0441 1

oy 0.634  0.614 0979”7 1

DzSPSL —0.139  —0.005 —0.740 —0.665 1

DzPS2 0268 0469 0329 0374 —0.052 1

DzSPS3  0.640  0.617 0976 0.999™ —0.687 0386 1

DzSPSA 0307 —0.201 0489 0369 —0.545 0.629 0381 1

DzPS5 0520 0396 0.600  0.630 —0.834 0243 0665 0314 1

DZPS5 0244 0215 0520 0401 —0.195 —0.142 0363 0289 —0294 1

DzSPS7  0.608 0533 0941 0955 —0.827 0296 0966 0385 0823 0229 1

DzSPS8  0.946"  0.848 0.629 0758 —0.432 0.149 0769 -0.190 0712 —0.143 0791 1

DzP® 0363 0555 -0310 -0.160  0.687 0.608 -0.161 -0.178 -0282 -0.438 -0301 0054 1

DzSPSI0 0.725 0.656 0.839  0.893" -0.756 0.387 0.913" 0312 0897 -0.021 0966~ 0.866 —0.130 1

T SRR EEMSE (P<0.05)

5 TRAAREFEMIE (P<0.01),

Note: " indicaets significant correlation (P<0.05); " indicates extremely significant correlation (P<0.01).
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