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Abstract; The SUT gene family members were identified from whole genome of Passiflora edulis Sims by
using bioinformatics methods, and physicochemical properties, subcellular localization, tertiary structure,
and phylogeny of their encoded proteins, gene structure, collinearity, and expression pattern were
analyzed. The results show that five PeSUT genes identified from whole genome of P. edulis are located on
four chromosomes, most SUT gene family members contain eight or nine exons, the number of amino acid
residues of their encoded proteins are within 328—1 014, and they are all located on plasma membrane.
Five SUT family members of P. edulis are divided into three sub-families. There are collinear relationships
between PeSUTI and PeSUT5 genes and between PeSUT2 and PeSUT3 genes in SUT gene family of P.
edulis. There are collinear relationships between three SUT genes of P. edulis and four SUC genes of
Arabidopsis thaliana ( Linn.) Heynh. There are a large number of cis-acting elements related with
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hormone and stress response in promoters of SUT gene family of P. edulis. The transcriptomic data
analysis result shows that the expression of PeSUTI and PeSUT2 genes in leaves and pericarps of cultivar
*Tainong No. 1’ and ‘ Huangjinguo’ of P. edulis is low or not expressed ; the expression of PeSUT3 gene
in leaves of ‘Tainong No. 1’ is lower than that in leaves of ‘ Huangjinguo’ , but is higher in pericarps of
* Tainong No. 1’ than that in pericarps of ‘ Huangjinguo’ ; the expression of PeSUT4 gene in leaves and
pericarps of ‘ Tainong No. 1’ is higher than those in leaves and pericarps of ‘ Huangjinguo’ ,
respectively; the expression of PeSUTS5 gene in leaves of ‘ Tainong No. 1’ and ‘ Huangjinguo’ is
basically the same, but the expression in pericarps of ‘ Tainong No. 1’ is lower than that in pericarps of
‘ Huangjinguo’. The real-time fluorescence quantitative PCR analysis result shows that the relative
expression of PeSUT3 gene under low temperature (4 “C ) stress treatment is extremely significantly (P <
0.01) up-regulated compared with that under normal temperature (25 °C) treatment. The comprehensive
analysis result shows that PeSUT3 gene may be involved in the response of P. edulis leaves to low

temperature.

Key words: Passiflora edulis Sims; sucrose transporters ( SUTs); gene family; expression; low
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temperature stress

IR (Passiflora edulis Sims) X FRHA TR EA
T, 278 T S B ( Passifloraceae ) P9 75 3% J& ( Passiflora
Linn. ) Z4F A S BUBEAREY) | 77 T Le i 19 22 /Y
HNITHE S T FE MR 2 | 0T R 4T b D) 32 b
ML P EEWE R mE AR S O
AR A 205 2 SR AP AR D sk, F T B T — S LA
MRS 20 AT B KR &S, TR K
#( Ananas comosus (Linn.) Merr.) | 5 %% ( Fragaria X
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Osbeck ) FZ5 A% ( Litchi chinensis Sonn. ) % 10 A 7K 5
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HMA AR 5 MR % 22 T0 ¢, ISt e REVE L 15 0 1 1
izt KR Y ke A A S T A MAR R
2, G TR AR 110 TREME 25 55 o Bl — P RR R R R A
S HEREE IR R

WM 12 25 1 (sucrose transporters , SUTS ) A2 FERH
A ROS i O s 8 A WA PR O RERE - H L s
M (sucrose-H* co-transporters, SUCs ) , A EE A A
15 FE H K% ( major facilitator superfamily , MFS) A,
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A T 1 B IF [ Arabidopsis thaliana ( Linn.)
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YL K 3 B ( Malus % domestica Borkh.) ') Fl [ %L
( Pyrus bretschneideri Rehd.) ™' S5 KA Yyl 38,
FRZ SR BRI A | RN 12 B ik 2 S Y
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FekEaX, Ui 1 vl RES-5 XY SR e AR B8 ) SUT
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1 A7 &k

1.1

X SR 14 4 5 PR A BRI A Tl R IR A i R
% ¥& ¥ 4 ( China National GeneBank DataBase,
CNGBdb) ™ s ARG IF 9 4> SUC 2 (R SRR T4 T
7 1 TAIR W%} (hitps : // www.arabidopsis.org/) .

BB 3 A H OB R R A B Ak
1 %5 (“Tainong No. 17) (5828, W 9€) #y iy, BEREAC A
BB 6 R4, BEALICH P 3 BRAIETTE 4 C
(IR ) N T 46 P 15 37, B 3% 2% 0 D Ol IR ik &2
100 pmol + m™> « s7" JEHREF[E] 16 h - d7' 25 S AHXT
WL 70% ~80% , R4 3 BRAIHITE 25 C (IEH ILE)
TS IR NG IR B R AR BN T AURAR AR A . B
7% 4 h J5 NSRRI ION EAE 568 5 Mol Bt
R AW ARG A7 T-80 CUKFS , T Ia 2 nl i ik
SR I S et E i PCR(qRT-PCR) L5
1.2 FHik
1.2.1 ER SUT KB RZkA R e 52 LR IT
9 /> SUC # A M & HE R JF 51 R Query 1751, I H]
TBtools F > % 4% 4 5 42k K 41 BEA T (BLASTn 43
Fr(EAEH 1x107) G 8 2R b iy SUT it i it
F+H] H NCBI-CDD ( http: // www. ncbi. nlm. nih. gov/
Structure/cdd/wrpsb. cgi ) 5 Pfam 5 & (http: //
pfam.xfam. org ) 5 I JIT A5 405 356 ok 53 1) DR <F 45 #
e84 GPH_sucrose ( TI-GRO1301) 5 #3151 , 26
BRAS B RS A LA R 45 R A 5 Y B B, 75 8 38
AL SUT 2 741, I AR 45 JHOGT 17 5 PR 78 e 644 |
AL B WK AT 4
122 B&ER SUT A B TR D% G FZAL R
24 FIH ExPASy 7 2k W 3l (http / www. expasy.
org/ ) I HTRG IR SUT FEIR G165 i % St 2 1 A B2

AEXS B (MW) BRI 45 HL A (pl) S8 FAL M o
F A SignalP Server TF 26 3 ( https ; // services.
healthtech.dtu.dk/service.php? SignalP-5.0) il HA5
K FH WoLF PSORT 7E4k M3l ( https : // wolfpsort.
hge.jp/ ) TN 4 f 5 A7

1.2.3 &R SUT A B Tk 3 o9 A B 2 M B 3 %
R QR T AR Z S EM M FIH GSDS 2.0
TEZ T H (htips:; Vi gsds. Chi. pku. edu. en/) (290 25 H7 3,
HR SUT He P 2808 i 51 W9 A . = N & 10 A 1AL
FIH MEME Suite 7E£% T H. (https Vi meme —suite. org/
meme/ ) " SAHTRG R L SUT 3[R 5% 1 i 5% 2 A% 2K 1
BYPRSFEEF (motif) , 13 B FE P i KA IECH M 10, 3%
PR E R 6~50, Bl o Hr hoAS [a) B 5% 1] 19 2R 2
SyMT R AR . R Phyre® 7628 T H (hup: /
www. sbg. bio. ic. ac. uk/phyre2/html/page. cgi? id =
index) 7 M 8 H i 24544,

124 BERSUT AR FEHERRBAEGHRIL
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Linn. ) % FIAG TR SUT He K 5% B 5% 9 19 28 11 119
FPRIF 3, il 3 ClustalW 2 ¢ 47 £ & L xF, Fl H
MEGA7.0 #4385 4882 1% ( neighbor-joining , NJ ) #4)
Yy N FIYIFRB] R GE K T, AL 25 (bootstrap ) 1
Hoh 1000,

1.2.5 BER SUT LR F kR R 098 30T 550 o4t
HH] TBrools {4 WS 2R SUT Jk R 5 ik mit 51
AT ATG i 2 000 bp 1 M1 307551, I F
H Plant CARE 7££E T. B (http: // bioinformatics. psb.
ugent. be/webtools/ plantcare/html/ ) #t 17 i 2l F ) I
AAEFTTH T
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LR KRB FIFH TBrools 2K FH1 Simple KaKs
Calculator DJRETT A XY H AL SUT FE [H K% Hh I 28 FE A
XA ] SORF 3 (Ka ) R SO (Ks ), 4 it
& Ka/Ks 18, FJH TBtools A4 1 ) Dual Synteny
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YA HNS B A SR B o AT S B AR SUT SR
T B AEAS [ AR AL g s, Hir, < &
15 4R (¢ Huangjinguo” ) ( #5 5, ANTif
F€) M F B0 HE ( PRINA634206) S A FFEHE, Gk
157 F AR B R AR A, T
FPKM (BT~ 0 5 19 e S g 7 e S 1 B 68 )
JE AT HT S 3 P K 7KF, R R TBrools k{422 il
Fr SRS AR,

1.2.8 =R TEMEAEMNERBER SUT XAR R
#% ) qRT-PCR &A1 i Al 9 w] 5 P 5 it ik
B (KT-2-Y) (I INBHEG A 05 AR AT BR 2= 5 -
R & B REAR 3 IRER, S RMEIA
BT EAT RNA $2BURT qRT-PCR 2304, BT A
ST 1, NS N Pe60S K™ R H
27 YA X R Ik B, IR R SPSS 21.0
HY Duncan’s 3512 M 22 1 06 52 00 B0 308 A7 B 1k
Mro FIFH Origin 9.1 B2 R A

R1 BTBER SUT BEEFEMREZMWELEE PCR 11514
Table 1 Primers used for real-time fluorescence quantitative PCR of
SUT gene family members of Passiflora edulis Sims

ERGIYIFSI(5'—3")

R mBI8FE1(5—3")

KA Forward primer s , R se Dri ; ,
Gene orward primer sequence everse primer sequence
(5'—3") (5'—3")
PeSUTI  ACGCCGTATGTGCAGGAG AGCGCAAGATGAACGGCT
PeSUT2  TGGGGAGGGAGGTGTACG ATCAACCCCAGTGCACCG
PeSUT3  CTTGAGCGGCACAAGGGA CCAACCAAACTGCACGCC
PeSUT4  CTCAGGCGGTGGTCAAGG ATGGACCCGCACCAATGG
PeSUT5 TCGCCAGCTCTTGCATGG AGTTGCACCGGAGCCTTC
Pe60S AGGTGGGTAACAGGATTATC TGGCTGTCTTTTGGTGCTG

2 HERAH

2.1 BERSUT BEREKEKERREE

3 3 ) X R SR 4 PR 21 U 1 T | e 2 S B
54 SUT BER (3R 2) R4 AR L AR b i o7 8 4R
KA K PeSUTI % PeSUTS, 5 > PeSUT H:H K
JEATF 2 110~ 10 184 bp Z[],“F-II{E K 6 022 bp ; 2
BIX K BE A F 987 ~ 3 045 bp Z 8], E¥{E N
1 591 bp,

XTXG AL SUT F K G0 il 5% 2t 28, 1 1) B A 3
FEPERHEA T 34T, 2550 (% 3) R .5 A PeSUT $: 1A
Yl 1Y R IR RO T 328 ~1 014 Z[A] 71
{EA 529 ; BB AHXS 43 F B A T 35 910 ~ 108 710

®2 BERSUT BERKHZEREHE
Table 2  Basic characteristics of SUT gene family members of
Passiflora edulis Sims

Yu iva S Rl 1 I
SEE B D Qe (R s /%lbl Gl X/ bp
5 Chromosomal <% /bp Coding region

Gene Gene ID . .

location Gene length length
PeSUTI  7X.01G0028300 Chrl 6 835 1188
PeSUT2  7ZX.01G0056030 Chrl 3 280 1599
PeSUT3  7X.04G0032980 Chr4 7701 3 045
PeSUT4  ZX.07G0014600 Chr7 2110 1137
PeSUT5  7X.08G0004860 Chr8 10 184 987
F-H5{H Mean 6 022 1 591

®3 BERSUTERFERREBEANERELERY
Table 3  Basic physicochemical properties of proteins encoded by
SUT gene family members of Passiflora edulis Sims")

FEH Gene n MW pl
PeSUTI 395 42 390 4.88
PeSUT2 532 56 820 9.39
PeSUT3 1014 108 710 9.09
PeSUT4 378 41 290 6.91
PeSUTS 328 35910 5.96
FHI{E Mean 529 57 024

D n. S IR % FEE Number of amino acid residues; MW ; FEAHR 2
F i i Theoretical relative molecular mass; pl: P8 55 HL &
Theoretical isoelectric point.

ZIA]SEEIME N 57 024 B 4E H 5 AT pl 4.88 ~
pl 9.392[H], 54~ PeSUT 3£ 4| A LA 5 K,
J& TR MR . WA E 7 7 .5 1> PeSUT HE [
YA R 24 T B, DA XS B AR SUT S ik
B AE TR R AR AEVE T
22 BERSUT EARERRNEREHRES
BEANRTER ZREHNMREZEEIH

XX R SUT HeBH G0 i 51 1) ik R 45 44 ik A 743
Mr G5 (F 1) R85 A PeSUT R AN T 50T
5~9 ZI[a], Hr PeSUTI 1 PeSUTS RN &4 9 4NFk
Y, PeSUT3 Fl PeSUT4 D &4 8 4 W T,
PeSUT2 R &H 5 MAMNEF, R E R SUT HE
FIE A TESAE L R T A T 404k, B T 41 3
TS

hik B TR SR SUT JEIR 5205 b3 2 e 2
F PR SFPE DL S BT 4 A 1% 0, I MEME Suite 7F
T LU0 MRSFET AT 00T, 455 (A
2) 785 1 PeSUT %5 H 45 A motif 4 motif 5, motif
6 1 motif 8 X 4 NI, B 4 PP H 5 4 PeSUT
BB . IE BT ] I [8]— 43 32 10
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G PRSF 7 2B T o A AR AL, B0 motif 3 R P o WRE 5t i, A T 65% ~ 78% Z [H], BLAb,

motif 9 HAF7E T e B AE—E 1) PeSUT1 PeSUT2 Fll  PeSUTI Fl PeSUT3 2 [ 1Y = &5 M AL, 1H 5 HoAlh

PeSUT3 & H ., 3 ANPeSUT #E A7 TE 2557, UL B SR SUT LA K%
AT =R (B 3) WoR.5 A PeSUT 1 Fafidh & I BIBEARLEORSFPE SR 25 4k

PeSUT?2 B

PeSUT3 - H i B
Pesyr; i m——H HH
PesUTs | a—H—iH
presurs IHHEHH—EHH
5/ L L 1 1 L 1 L 1 Il 1 L ] 3’
0 1 2 3 4 5 6 7 8 9 10 11
FEHFESHCE /Kb Gene sequence length
. SME T Exon; —: W& F Intron; . FI#FH)/ FiE 31 Upstream sequence/downstream sequence.

1 BERSUT EERERRHOERFESEH

Fig. 1 Gene structure of SUT gene family members of Passiflora edulis Sims

pesut2 — 83— Bl— 2 —s [i- 7 — 60—
resutt —JB0-Bl— 2 -s B f—
pesuts -2 87 BHEH—
pesuTs —8—J—J8HEH—
5

L 1 1 1 1 1 J
0 200 400 600 800 1 000 1200
SRR Number of amino acid residues

. Motif 1; . Motif 2; BN, Motif 3; I, Motif 4; I, Motif 5; BN, Motif 6; . Motif 7; : Motif 8; Hl. Motif 9; . Motif 10.

B2 BERSUTEERERRFEBEANRTEFSH

Fig. 2 Conserved motif distribution of proteins encoded by SUT gene family members of Passiflora edulis Sims

PeSUTI PeSUT2 PeSUT3 PeSUT4 PeSUT5

B3 BERSUTERAFRKRHRGZHEEON=REN

Fig. 3 Tertiary structure of proteins encoded by SUT gene family members of Passiflora edulis Sims

R T RASE R SUT SN FIENAY 2T ASUC3 0sSUT4  ZmSUT2 5 5 A — 37, iy SUT2 Ik
fiE, A MEGA7.0 FRUEX RS W IF KR E % Hifs SUT LR Rk R i B R A — 7,
K4 FAEY) SUT LR F RS R s AT RE Lk JaEE—2R050 8 4 A~ 3Z, PeSUT2 Fl PeSUT3 2
AR E, S5 (& 4) R ALK 4 Y SUT A M5 7 MURIT SUC EE R — DS, -y SUTL
FIHER A RIS E AR5 2 %, PeSUT4A FE 15 J; PeSUT1 il PeSUTS & 15 0sSUT2, ZmSUT4 .
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64 AtSUCS
100[L- AtsUCT
SUTI
100 AtSUC2
PeSUT2
100 100 PeSUT3 «
100— OsSUT2
ZmSUT4
99 PeSUT1 « | SUT4
e
61 PeSUTS o
100 ZmSUTS
410()|_£ZmSUT6 SUT5
0sSUTS
— 100 OsSUT3
88 — 1 7msuT3
OsSUTI
100 ZmSUT7 SUT3
100 99 ZmSUTI—l
1001 ZmSUT1-2
76 AtSUC3
F PeSUT4 «
79 OsSUT4 SuT2
100 ZmSUT2

0.10
WAEHE  Genetic distance

4332 bR} H R SZF5 % The data on the branches are the bootstrap
values. Pe. X 75 5t Passiflora edulis Sims; At: 4l ™ I Arabidopsis
thaliana (Linn.) Heynh.; Os: /KF§ Oryza sativa Linn.; Zm: EK Zea

mays Linn.

B4 4FMEY SUT ERREBRAGRHEANRELEN
Fig. 4 Phylogenetic tree of proteins encoded by SUT gene family
members of four plants

x5 BERSUTEBARERRBIFHIRXIERTHE

Table 5 Cis-acting elements in promoters of SUT gene family members of

ASUCH FE RN —AN 32, 2 SUTA W5 52 AN 7K #
SUTHEH M 4 NEXR SUTEHR NPT L, N
SUT3 W% ; ZmSUT5 . ZmSUT6 F1 OsSUT5 25 15 Jy—
AN 3Z, ly SUTS Wi,
23 BERSUT EEREHRRB3FIRX/ERT
B4

FIH] PlantCARE XX 35 5 SUT 5 K G2 0% il bt 1Y
Ja B P ATIREAE F T b, S5 (R 4 TR S5)
WIR 54 PeSUT BN LR s PR ERZH
CAAT HEFT TATA HE , FRIAXGEE R SUT JE R 505 1 R
YIEAA R Fo0M, 5 4 PeSUT 32 3 8 T3 B AT 6
M I8 TG 4 I8 % R e 1, G 2 SR R Y R I e A R
S5 5 R N T R RN A A 2 203 3k A N T 1 BR
PeSUTS RN A, Hifth 4 4> PeSUT 22N sh T3 BHA

F4 BERSUTEEREHREB OB FFT
Table 4 Core promoter sequences of SUT gene family members of
Passiflora edulis Sims

B S F PS8R Number of core promoter sequences

L

Gene CAAT HE CAAT box TATA HE TATA box
PeSUTI 30 20
PeSUT2 40 40
PeSUT3 40 26
PeSUT4 40 35
PeSUTS 27 27

Passiflora edulis Sims

MCAE e

Cis-acting element

AN IR 2 A 9 I R DG R

Number of cis-acting elements in different genes

PeSUT1 PeSUT2 PeSUT3 PeSUT4 PeSUTS

3t Light

KR Low temperature

JBi# R Abscisic acid

JRER Gibberellin

AR Auxin

KR Salicylic acid

FRATTR H g Methyl jasmonate

JR4175F Anaerobic induction

B AR5 Anoxic specific induction

I U EIK Meristem expression

B2 I PR 201 434K Differentiation of the palisade mesophyll cells
Bl A A W 38 Defense and stress

A4 Wound

25T 85T MYB 45417 55 MYB binding site involved in drought induction
T K FHARETETE Zein metabolism regulation

ST Total
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), 5 R SUT SENFIR IS R ik 7 39

AR UL 3 TCA: s PeSUT2 . PeSUT3 il PeSUT4 1A 5
T-HELAT A RN S0 N TG PeSUT2 I PeSUTS 3
K3 2035 ELA 25 85 2 0 o7 e A RUB R I 1A 448 L
AHE S T s PeSUT4 F1 PeSUTS KM J5 8 4 HAT £
KR AR 45 i N TG4 5 PeSUT2 JE M i s+ HA
B30 N TTAF 5 PeSUT4 3£ A )i 81 H A 7K 4% R M [
JCHEMIZ 5 25 S 1Y MYB 45 & 037 5 0 3 JC7F
PeSUTS K Ji 7 HA A= 200 0 I A A i 48 4 57
PEVE S B TT

PO R K E/Mb

Chromosome length 100

edulis Sims.

Y
0
1 50 9

24 WBER SUT EERGEHLEESH

XGEEI SUT FEPR G0 W 5 () e 1A o A S 2k
PEPTEE R 5, 53R ER 5 A PeSUT 3 AN
S ARG AR I Horp PeSUTT 1 PeSUT2 2 /N3
i E 1 5 YL A4k (Chrl ), PeSUT3 , PeSUT4 FiI
PeSUTS R 43 A 1E 4 5 Y fk (Ched) 7 5 4
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Gene pair substitution rate substitution rate
(Ka) (Ks)
PeSUT2/PeSUT3 0.111 0.878 0.126
PeSUT1/PeSUTS 0.357 0.583 0.612
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Fig. 8 Soluble sugar contents and expression of SUT gene family members in leaves of Passiflora edulis Sims under low temperature stress
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