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Abstract: [Objective] Photosynthetically produced sugar, principally sucrose, is moved from source
leaves to support growth of, and carbon storage by, heterotrophic sink organs. Membrane proteins play
pivotal roles in mediating sucrose transport within plants. Pomegranate (Punica granatum L.), native to
central Asia, is an ancient medicinal fruit crop grown worldwide, with considerable economic value.
Pomegranate is well famed as a highly valuable fruit with high nutritive and medical attributes. The
pomegranate’ s flower, fruit peel, aril (juice), and seeds, are useful for the prevention and treatment of a
wide range of diseases. Their functional advantages have dramatically stimulated the market demand,
which has opened the avenue for the breeding programs in pomegranate. Mapping genes related to horti-
culturally important traits is helpful to the molecular marker-assisted (MAS) breeding. To data, SUTs ac-
tivities had been proved to have a major impact upon regulating many plant developmental processes,
such as pollen germination, flowering, tuberization, restraining plant growth, fruit size reduction, seed
development, biomass partitioning, plant growth rates, crop yields and ethylene biosynthesis. Here, the
objective of this study was to identify the genomic SUT genes, and analyze their gene structure , promot-
er, phylogenetic relationship and expression models. It will provide the reference for further research on

the function and molecular regulation of SUT family in pomegranate. [Methods]Blastp and HMMER
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model were performed to identify the SUT genes; The phylogenetic relationships of SUTs and their pro-
moters were analyzed by adjacent method and gene structure analysis. [Results] There were nine su-
crose transporter genes described in Arabidopsis, whereas the rice genome contained five SUT genes. In
the study, a total of 10 SUT genes were detected on the Chrl, Chr3, Chr4, Chr5, Chr6 and Chr7 in pome-
granate, whose number was more than that of Arabidopsis and rice. The average sequence length of
SUT genes was 4 406.7 bp. The average content of A, C, G and T for SUT genes was 28.50%, 21.57%,
22.77% and 27.14%, respectively. The average content of GC for SUT genes was 44.35%, which was
comparable to that of ‘Tunisia’ genome. Additionally, the mean length of SUT genes was significantly
related to that of GC content with the relationship coefficient being 0.87 at p < 0.01 level. The length of
SUT proteins varied from 92 aa to 1 251 aa, and the molecular weight of SUT proteins changed from
10 260.37 to 142 472.24 D. Relationship analysis indicated that the length of SUT proteins was signifi-
cantly negatively related to the content of His, but positively related to the content of Met at p < 0.05,
and the relationship coefficients were —0.67 and 0.65, respectively. Increasing availability of molecular
information could provide new opportunities to detect physiological roles for, and regulation of, sucrose
transporters. In the study, the phylogenetic analysis indicated that these SUT genes were divided into
three groups, named groupl, group2 and group3. The groupl, group2 and group3 contained four, one
and five SUT genes, respectively. The GC contents of SUT genes and their promoters in pomegranate
were significantly lower than those of Arabidopsis thaliana and Oryza sativa. The GC contents of SUT
genes were significantly higher than those of their promoters in pomegranate. There was a significant re-
lationship between the GC contents of SUT genes and their length. We also detected ten MYB elements
in the promoter domain for the SUT genes. The MYB elements mainly contained MYB2AT,
MYB2CONSENSUSAT, MYBCORE, MYBCOREATCYCBI1, MYBGAHV, MYBST1, MYBPLANT,
MYBPZM, MYBIAT and MYBILEPR. Pgl0145810.1, PgL0237030.1 and PglL0181920.1 all con-
tained more than 20 MYB elements, while PgL0099690.1 only contained seven elements. In addition,
four SUT genes containing PgL0328370.1, PgL0099690.1, PgL0145810.1 and PgL0145770.1 were de-
tected to differentially express during the development of the seed by previous transcriptomic sequenc-
ing in pomegranate. PgL0099690.1 was down-regulated after 120 flowering days in ‘Sanbai’ seeds
compared to after 60 flowering days. Both PglL0145810.1 and PgL0145770.1 were down-regulated in
‘Sanbai’ seeds after 120 flowering days compared to after 60 flowering days. Conversely,
PgL0328370.1 was up-regulated after 120 flowering days in ‘Sanbai’ or ‘Tunisia’ seeds compared to
after 60 flowering days. For the different cultivars, PgL0145770.1 was down-regulated after 60 flower-
ing days in ‘Tunisia’ seeds compared to that in ‘Sanbai’.[Conclusion] The SUTs were encoded by a
multi-gene family. The SUT family has been characterized in many plant species. The molecular charac-
teristics, structures, and phylogeny of plant SUTs have been well studied and reviewed. Our results indi-
cated that SUT genes were relatively conservative in their sequences and gene structures during evolu-
tion in pomegranate. However, their promoter sequences changed greatly in evolutionary process; De-
veloping plant embryos depended on nutrition from maternal tissues via the seed coat and endosperm.
Sucrose, the major transport form of carbohydrate in plants, was delivered via the phloem to the mater-
nal seed coat and then secreted from the seed coat to feed the embryo. Thus, the expression variation of
SUT genes regulated the development of the seed in pomegranate. Our findings will provide a founda-
tion for further functional studies on SUTs in pomegranate, and contribute to elucidating SUT roles in
seed development.
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Fi K8 (Punica granatum L.) J& T T J8 3 FF (Ly-
thraceae) f1 4 J& (Punica), 7&— Fh 1t 22 F) 75 H- R
BUNTRAR SRR A, B P SR AR M. H AT, B AT
FHIZ AN AR R T B B R SR X,
Jii 75 Hb AT A AR B X AR AR PR DR T, A
A N E TR )2 ARG P iE . AL 2018 4F
JE5, HE SRR T BABRPE Ll 2R VIR L DY )T L 2
= A Y R LA F BRI, BB AR A 12
Jihm?, R R 120 f te AR R EEN A
e, o e my DA 5%, B R BB A2 A, B R PT 4
sk, RELBEAFEER A AMEMED, B2
NE%.

SE 7 A AR B AR ZMRIR T ) S B R TR, T BA
RARE AL o R AL B AR S . B AT, AR A DGt
20 0 32 B A AR AE FE T SR B R )
AU AL F %, BIRKE 2 J RIS R PR
18, SR H A9 1k I AR R B e b . B DR KR 50
AT T DA BRI 1) 7 326 S — 28 Ik DR 5 1 P A 1100 6 AT e
G, ik — A G B A SR RS R AR E A RT A s A%
1% H bR Ak R, =2 e 7 i e 58 DRI — oA 20T B
Chen %5 2558 1 S 5 R ZH 7K1 LT o iy A
LK R B B, JF 48 s 1 L AE B AR e s PR H .
Xiao %5 ik | ARAERE N2 BV GhARF B8 5K ik
J 5 4 e 3 S BUIEAIE S GhARF2 1 GhARF 18
SRA4EK K.

FEE AR A R G BCUE K 1 A SR, 2 A (]
=iz 2. R IEA RS T
(B 3a Ao |e U AR KRR BE b 22 5 RN 5 i R AR 1
() A8 A U I A% o AE W B %08 B ] (sucrose
transporter gene, SUT genes) f&— 4w i Bi i ia
H AR, SUT 5000 BT BRI RHARSF A2 FERE He ia
B SN . B, SUT ZO% R 2 Bk &R
U PEARU S 557 T oo fh . Sz 3 4 A
Ao BRI, an i RE 6RO IR T A BERE R s
SIWORG B R, AT 53R s i M DL SR 3E B
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FEU A SR AR Y DL AR B SR AR )Y
HR AR IE o F T TR X AR B AR ), 3
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AR ERERAFS Y R el ERA T
FIE LG I SUT R Fe 3 i B R 41 T 30 H
TAIR (https://www.arabidopsis.org/). ‘ 58 J& B * Fl1 ¢ =
H R b b 1 T e RO R} 2 e 8 M SRR 7
FrikEe 7 .
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SUT # B X & &% A GPH_sucrose ( TI-
GRO1301) & #41, , 7 TIGRFAMS ( http://tigrfams.
jevi.org/cgi- bin/index.cgi ) # # E T # TI-
GRO1301 [ Ff 7 /5 51, Clustal W 1T F7 41 L
XF s K Lo 4 SRR — A SUT S A SR R RS
IRBFRAR AL ( HMM)™, 1 F 2 G 20 1 2 L4
W R E KA B AR SUT & B 75 H Clust-
alW2 AT HoXt, EHE — > HMM AL, K
K2 AR S, BT R R U P
F TIGRO1301 fFf7 Fr 5 H bR P41, 0 248 %
B A8 & B 79137 Blastp® LE X 20 41, B E {E
N 10~15 OfE 2 IR AR B SUT 2R KT
AR
13 SUTERERENEBFIIRES T EEEE
RBshForih

KM ClustalW #4172 F7 41 Lt Xt 5, B H
MEGAS5.0 " Neighbor-Joining 7544 & 2 4t K AW,
bootstrap fE 15 1 000, % SUT B H ¥4 X5 5)
TRANBAT RIS . IR SUT Rl B D
SR L gff ST, 3145 %N & 740 H BL
FEN G5 . SEHCEE IR B3 1.5 kb (977 54 D R 2l
F 74, I F 7F 28 1. 2 PlantCARE (http://bioinfor-
matics.psb.ugent.be/webtools/plantcare/html/) i it =4
YE R T4 . R 7E28 T2 GSDS 2.0 ( http:/gs-
ds.cbi.pku.edu.cn/) £ Hi ik PR 46 74 B S XA FH 28544
K.
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F BioEdit % {4 (https:/bioedit.software.inform-
er.com) 73 AT A 18 SUT %= 8 & o B3 17 91 i A% g 4
BOS Y, FETH R GC & . FAER AT R
SUT & F W2 L TR 4 5 73 I 77 H & (Molecular
Weight, M/W).
1.5 fBXMSHh

SUT #% R 7y 5 FE K B e B F 20 7 5 2 Ok
P& K FE 2 B PR AH DAt 20 T, S BRI T 35) 7 & () 22
4y Mt 4 % F SPSS19.0 (IBM Corp., Armonk, NY,
USA) A

1.6 SCRTRCEE PCROH

F| H RNAprep Pure Plant Kit o 7] & (KR A
F]D $EHUA PR 5 RNA, 28 55 5 A Bt i FEL ik A
AN G EE TR S, BB A A% Y RNA #
#n > {8 F§ NCBI Primer Blast %X 1f (https://www.ncbi.
nlm.nih.gov/tools/primer-blast/) & 115 ¥ (& 1), fif
JH1%¢ ) 7€ % PCR {X (Roche 480, SYBR GreenD) #£4T
SEIN 5% RT-PCR 7347, I B 3 IXRE &, AN R &
Mt E R 222%™, REEMERH R H
“pheatmap”  (https://CRAN.R- project.org/package=
pheatmap) 2.

®1 EFPEEE PCRAMSIMFT
Table 1 Primers used for qRT-PCR

B YN E AN 314 Gkl

Gene name Primer (57-37)sequence

Pgl0328370.1 5% Forward primer GACCCGCAAACAAAGTCACC
T 514 Reverse primer GTTCCGACCGGATCTAGCAG

PgL0099690.1 514 Forward primer ACCACTGCTCTCATGTTCCG
T 514 Reverse primer TCCGTGAACCCTAAAGTGGC

PgL0145810.1 _E51%) Forward primer
5|4 Reverse primer
PgL0145770.1 514 Forward primer

N 514 Reverse primer

CTTTCTAGAATGGAGGTTGAATCAGTCAA
CTTGAGCTCTTAATTGGAAATGGTCAT
CTTTCTAGAATGGAAATGGAGAACGGAAT
CTTGAGCTCTCAGTGTCCACCTGCAA

2 R

21 ARSULRGEEREBNTFFIISH
i L 3 A, £ 58 e i A R Ak DR 2 o
TSR R SUT B PR KR I 10 A5, 70 A 1

Chrl.Chr3.Chr4.Chr5.Chr6 f1 Chr7 Lk (% 2). H
Hi, Chr3 Al Chr6 & 1 SUT 5 [R5 ik % 3 50 i
2, B8 34 SRR HYIF N ANE SUT £
K BEARL SR, A M SUT SRR 51 T Ky
4 406.7 bp. A8 SUT F R 5 K 5 55 7 51 AH

R2 ABSUTHEEEREZEHERER

Table 2 Nucleotide composition of SUT genes in pomegranate

A Rk RIGRE SRR R e M GER WERERE GREREY
Gene name Chr Start End Gene length/bp r b r i L ritt ) it
A% C/% G/% T/% (C+G)/%

PgL0099690.1  Chrl 2954359 2961954 7596 29.30 17.83 22.80 30.07 40.63
PgL0145770.1  Chr3 327678 330169 2492 28.18 22.84 24.97 24.01 47.81
PgL0145810.1  Chr3 341247 345377 4131 31.99 19.61 21.33 27.07 40.94
PgL0181920.1  Chr3 36608641 36613106 4466 34.13 21.59 19.89 24.39 41.48
PgL0233780.1  Chr4 39683636 39690941 7306 30.44 17.63 21.75 30.17 39.38
PgL0237030.1  Chr5 1480436 1488449 8014 30.38 21.30 17.97 30.35 39.27
PgL0281820.1  Chr6 13470881 13476350 5470 29.77 17.15 23.66 29.42 40.81
PgL0281800.1  Chr6 13476502 13477048 547 26.01 24.36 25.46 24.18 49.82
PgL0281810.1  Chr6 13470045 13470323 279 20.5 32.01 27.34 20.14 59.35
PgL0328370.1  Chr7 24075849 24079614 3766 2433 21.46 2255 31.66 44.01
“F4{E Mean 4406.7 28.50 21.57 22.77 27.14 44.35
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727735 bpo A SUT & [K BRI WA | i 1 i | 1 022
WA I v I £~ 25 5 & 2 ) 9 28.50%+21.57%
22.77%H1 27.14%. GC ‘Y& EN 44.35%, 541
BRI GC S EM M. JH BT 5 IR J2 i Ji s
WE [P 3& Em TR T A, 20508 30.51% 1
30.71% (3 3). SR1M0, J3 3+ X7 1 i o ms g | & 0eE
W J GC 13 & &K T 2R RB AT 5, 5090 R
19.17%-+19.62%F1 38.79% (3K 3). AHIK TR A
W SUT HEHKESH GC S EREMXK (p<0.01),
FHR R ECN 0.87.
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Table 3 Nucleotide composition of SUT promoters in

pomegranate

i (v
5 BN N SMER
i’fjﬁ;e B KE iig ")
A% C/% G/% T/%

(C+G)/%
PgL0099690.1  33.53  17.93 1553  33.00 33.47
PgL0145770.1 3453 1593  19.13  30.40 35.07
PgL0145810.1 29.93 1647 2260  31.00 39.07
PgL0181920.1 2813 2327 2380  24.80 47.07
PgL0233780.1 2693  21.93 2140  29.73 4333
PgL0237030.1 29.67 2240  20.13  27.80 4253
PgL0281820.1 28.67  20.67  20.80  29.87 41.47
PgL0281800.1 3020 1720 2427 2833 41.47
PgL0281810.1 3400  16.00 1193  38.07 27.93
PgL0328370.1 2947 1987  16.60  34.07 36.47
“FHME Mean 3051 19.17  19.62  30.71 38.79

22 AWSUTEBRESIERBAR D

R 4 NAKE SUT 8 J s 1R 4 B o it
RAFHKEEREN 92~1 251 aa, i F 2L 7
N 10 260.37~142 472.24 Da. JLF AT E 1) SUT &
HAE S T ANRE LR 20 M . SR,
PgL0281820 I PgL0281800 & [ ¢4 il ¥ AN 55 ¢4
MR, PgL0281810 B A AT AR . SUT &
F 7 81 1 5 & R & T 2 B i N 10.69, 2K &
PR & B T BME AR AN 0.82. T 36 43 A1 3R B =%
AR AR PHEEMNGFEEREER (<
0.0 . MHRXSHRM, AW SUT EAFIIKES
HEMETBEERZNMK(Pp <005, 5EARE
2 AR (p < 0.05), 4 2k R %04 518 -0.67 F1
0.65.

2.3 ABSUTEREZRENEESHWMAZLE T

RGREWEE R HT R, A1 SUT F R 5Kk
EE 4N 3 A K2 groupl, group2 AT group3 (H
1). groupl,group2 1 group3 75 &H 4.1 F1 54>
SUT %A . group2 H 1] PgL0237030.1 & H 4N T
¥ H & £ . group3 I Pgl0099690.1 Fi
PglL0233780.1, group2 ' ] PgL0237030.1 VL K
groupl H ¥ PgL0181920.1 %45 1A 7 14 H #1E
9 LA ko HARR SUT EEHEH A ETHHBE 4
LR
24 AWSUTERERERNERERFRIRER
TR

PLACE 73t R, I A 18 SUT 2K 1) )5 3)) 1
XA & 24 MYB Joff (& 2). X% MYB Joff
¥ % 4 MYB2AT. MYB2CONSENSUSAT. MYB-
CORE. MYBCOREATCYCBI. MYBGAHV.
MYBST1. MYBPLANT. MYBPZM. MYBIAT Al
MYBILEPR 3t 10 Ff 38 B . PgL0145810.1.
PgL0237030.1 1 PgL0181920.1 ¥J& 4 20 LA L
MYB 7o, 1 PgL0099690.1 &4 ) MYB J0/4: ¢/
RTA . XTI B AR IR T R
MG, BRVF A Y AE SUT 3[R 1 22 350 PE ) 2 B2 L7
2.5 ARBSUTEEAZRKWERETRLZEPIIR
K

S50 A S LR o A A SRR WY, SUT 2
XK W K PgLl0099690.1. PgL0328370.1-
PgL0145810.1 A1 PgL0145770.1 ££AS [ 47 K8 5 F ks
KREHRET ZRFRIEE D SAEHEE
60 d IIFFRLAE EE , PgL0099690.1 £ “ =7 AT
1EJ5 120 d FPFFRL 1 (SS2) R i IA ; PgL0145810.1
M PgL0I45770.1 72 = H " F R JE " A ITIE 5
120 d A FF RL B (TS2) 5 K i £ 35 5 M &,
PgL0328370.1 NRTE =1 2 RJeH A1
1e)5 120 d kPR 3 i RIL BAh, 5 =R
FREFAL)E 60 d (AT RL(SS A LL , PgL0145770.1
15 RBH AL G 60 d (TS1) HAFR A iR
Fik . LH RN ER PCR TR (E D,
PgL0099690.1. PgL0328370.1. PgL0145810.1 %1
PgL0145770.1 £ =" M REH AWAFR K E
SRR ) R B AR SRR AL R —
o HLET L, XL SUT B[R A] gl g 22 57 R I8 K
VAR R B .
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Fig. 1 Phylogenetic tree of SUT genes and their exon/intron structures analysis
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Fig. 2 Promoters of SUT genes and their cis-acting element analysis
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Fig.3 Expression of SUT during the development of seed in pomegranates
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Fig. 4 qRT-PCR analysis the expression of SUTs in the seed of pomegranate
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