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KW, SWEET HE R G i 1, 53 16 A8 ) 1o %t -+ 52 i3m0
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AT N SRR A W A5 T R AR A H B
KB BRI E L LA 5T . FRAT
FE S U0 2 FPRE P B AT R (2L R v, 3 WA R
TR, P B R EBIPE L F 30 K(30D) .60 K
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LA B B o FRATAT I MBI & BN 2
BN SpSWEET3 eV ERA K H ol fvh ¥ B 3%
mRE,RAHLSVDERTNERRR ., AU
SpSWEETS3 (/)4 K TP e W HE e 91 R 47 v B, I %k
2R 40 3 R R S A ] SR ) 2 A R A
350 W1, it — L T SpSWEET3 16 P B4 RV E
R H WIDIHE S N T R LR S

1 #MR57A=E

1.1 ##

BHAM R TRV A KR BB AR (B 1) . il
FHA P B B AR 1A BT 95 48 K FA X A1
T SRS K 28 B AT VD R A 1 B A A R P B B
ARIAF T ATLIR ] AT B bR GV3101 4
TS AT IR A i Rk A B ARl A W BR
SEH w PR AT, R AT TR B3 25 B Bk DHS ol 1 A5t
X EEY A,

pMD-19T 73 f#& 2544 | LA taq i} . Real time PCR
A F TaKaRa 24928 7] s RNA 42 Bl ) &8 A
Omega A W) ; cDNA 55 — 55 ;2 % 5l ) & (T4 1% 4%
fif . PR 3 PR ) P N DDA Fermentas A 4) 28 W
RNA [ ¥ 58 3] & . LA Taq DNA Polylnerase , T4-
DNA Ligase 55 #H G50 8 B % A9 TR (RE) A
FRN 7] 3 Xba T, Xma 12540 %R H Fermentas 23 7
2xTaq PCR Master Mix , DNA & [FDISGAGH & | ok
R IR & H TIANGEN 28 Al 5 38058 B H <
REFHR KK HE MES . ZBE T &l MgCl, S 3577
FEPC I A5 A 2 a0 X8 Sy [ = o i 4, T B AR T AR )
TARC R B A BRA . PCR TGI8 & 1k
FIDNA M F S i A TAEY) TR (L) i A PR A
A58

1.2 Fix

121 PESRWEFTRME

4 B A0 RAE [k 1 P B A R AT iR R
Tl P RE 25 BR300 R SR K 5 TN 0.05% 11 GA3 ¥
HR 24 ho B EF AT ] A9 VD 2B B A P2
AL, BellE A kK G, BRI Hh R
291 em BTPIT KAl GA3 IR ARh T FH R 73
EHA T, I IS BV 73 55 R A 37 °C
WEE T 8%, AR K 2RI O, 1 I s B 2R AR
#H.
122 FESHRE RNA B3REUR cDNA B A R

Z:H8 Omega 23 A (AR ) 50 RNA £ BUR R &0
LA RT3 B AT R AE B RNA IR EL, 28 1.0%
) B i O P T R 00 JFE S 1, P R Sl
A A cDNA.,
1.2.3 SpSWEET3 EE =&

FESC U0 = AT A T Al 1, = BRAL SE UL
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Fig.1 Stipagrostis pennata plants and the wild growth environment.
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F A Xba 1A Xma VI 5 5|4 SpSWEET3-EF
H1 SpSWEET3-ER (3 1) , LA EF A R B 4F R 1) ¢D-
NA J it , #£47 PCRY 3G , S AK R W : cDNA
(50 ng- L") 1 pL,2xTaq PCR Master Mix 10 pL,
51 %) SpSWEET3-F 0.5 wL, 5| %) SpSWEET3-R 0.5
pwL,ddH,0 8 wL, 320 wL. $ R K :95°C 5

min; 95 °C 30's,55°C 30s,72 °C 1 min, 35 MEH;
72 °C 10 min; 4 °CLRAF . (i FHHR BE hy 1% B9 35 HE b
5 I L KR I 38 7 22 0, IF R B R 2k 3%
2AETAY TR CEE) RO A RA #4707
I FI 36 UE IF B B SpSWEET3 ¥ 1R ¥ 91 $2 &2 &
GenBank ZH5 /% (45 4 : 0Q784243) .

®1 ARARERBSIWFS

Table 1 Primers used in this study

EIE7 RN SIMFAI(5'-3") 1 RE
SpSWEET3-F ATGATCACTGGCATACGC
SpSWEET3-R AGATAACATAGCTGTGTATTTACTACT
BEDH ve b
SpSWEET3-EF GCTCTAGAATGATCACTGGCATACGC
SpSWEET3-ER TCCCCCGGGAGATAACATAGCTGTGTATTTACTACT
q-ELF-F ACTACCATCCCTATGAGCCAACT
q-ELF-R ATCACTGCCAGCCTGAAGACA
q-GAPDH-F AGTCCGTCGCCATCGTCA
q-GAPDH-R CGTGCCCATGCCTTCTGT
S FRIB T
q-APR6-F TCAATTCCAAGAAATGGCTCG
q-APR6-R TGGGTTCCACCAGTAACAAGG
q-SpSWEET3-F TGACATTTAAAAGAGTGATA
q-SpSWEET3-R AGAACTCACAACTGGAAGGC

1.2.4 SpSWEET3 E R 55 #7

J2 3 He Xt 23 B A FH R 1 23 B 7 DNAMAN 58
Bo P BAEFR SpSWEET3 [ {4 5F 45 ¥4 38 43 #r fii
NCBI Wk 712k T E Conserved Domains 52 i, {8
ExPSAy 7E4k IR 55 %% 1 1Y PortParam (https://web.ex-
pasy. org/protparam/) 7E 2k 35X {53 #1115 SpSWEET3
o A 25 11 5T 1 BRAL 28 1 JH PortParam 7F 2k X 1
X% H AT B K P 34 s ) FH SOPMA (https: /
npsa-prabi. ibcp. fr/cgi-bin/npsa_automat. pl? page=
npsa_sopma.html) 7EZk 3 A B0 28 11 o — 9045
4 ; £ FH SWISS-MODEL ( https : //swissmodel.expasy.
org/interactive) 75 £& FU #4511 BT = 2% 4549 5 i ]
ProtComp-Version9.0 (http://linux1. softberry. com/)
TELIRAN X 12 26 1 3T A IV 240 B e 57 4647 43 it
TBtools ¥ H A7 4 I A #E Ak S AR SF 3037
1.2.5 SpSWEET3 EREHIRIEFES T

WOBCH B A AR i AR R DL AN ]
PEG6000 ¥ & b FiLisd A AR 25 4 21, S UK SE 20 41y
RNA, J% #5275 51 cDNA, DA 5% 53 cDNA W AR
S LLB B4R ELF .GAPDH , APR6 5E[H g N 2 0k

[ F) A Premier 5.0 #1014 % i+ N 2 B A ELF .
GAPDH ,APR6 UL} SpSWEET3 51 ¥) (£ 1) , S I8 5¢
Ot = i R & U BB O K, ABM) #E 47 qRT-
PCR (Quantitative real-time polymerase chain reac-
tion) SN, BEANFEAR AT 3 N R E R . N4
Jo AR H YRR S ] CefE il 27y
PR H MR ) SR 6
1.2.6 HEYFREHEHHE

I SpSWEET3 3 [H 1% 45 3| pMD19-T 34K I, 1
it N\ DHS o K FT 581 114 S 52 25 240 L 5 4 L e g BH A
BRI LA T AR TR (1) ey A3 B w1 kAT
AGEI , R N P i ) B TR 7 B B 4R EBUBORE RV AT A5
BN EAH SpSWEET3 KPR (4 B BURLA W o 4545 2111
FH P k7 48 Fermentas 23 &) 1) Xba 141 Xma 13547
XUEEOI IR, H] 1% B SR REAE G I 247 70 25, Imlfie 2
fbJE 4t SpSWEET3 £ K . PR AL 35S JA 8
T 1) pCAMBIA1300-GFP i [ %% M4 ] Xba 11 Xma 1
PEAT LR . AR 20 A SpSWEET3 J PR A2 Mk 28 44
AT . 15 2N EHALFOR G % AL DHS o KT J%
A B SR AN ) K AT AT ORI, X
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ZHFORLEAT PCR DA KUY , S0 3iF JE iR e K 358 :
SpSWEET3-GFP 41 FUk 474 FF 1 GV3101 5%
o FAbE X L BH PR SR G Y5 21T PCR I, 5 25
FOER R IE TR B
1.2.7 SpSWEET3 8% 2 I 40 fa € iz

WA ST P B 2B IR A K TP PR AR K
S em A A AR TAE G I N R AR 55 )
BYRE 1 emx 1 em ZE 47/ r BB T A P4 72 MS [ 4
BRI b mEEER 2 K MG AR BT Y 35S : Sp-
SWEET3-GFP 54 FUR A AR 7 5 A B iR K
B2 AR KK R W LB AR B 77 3L P 200 -
min™.28 °CiE %557 8 h; 5 000 r*min ' ¥E1 T 10 min
IR B OISR BEARDTEE ; 15 B354 100 mmol-L™' MES
(pH=5.7) . 10 mmol-L™" MgCl,. 100 pmol-L™" AS i}
MS YA BB B TR K 2 OD,,,=0.8, SR JE K s 1 57
PR R ) 9 20 3 1 A L 55 AR i A T T AR VA 220
rpm .28 °CRE ¥ i I 451 T 435 10~15 min. P8
YUK - R BRSO T, 1E B A A D8
YRAIMS [BARE SIS I B A N5 2 K78
PO AR AU SR R 2 A
1.2.8 SpSWEET3ZEHRMBEIEAMEE

B AR 2 B P B 4T R SpSWEET3 2 1 471
FI FH STRING %4} 2 (https: //string-db. org/) T ] 5
SpSWEET3 A1V TE HAE G R B .

2 #R

2.1 SpSWEET3WIRESFEI D
DL 3P B & R 1 i B cDNA iy B4R 3E 47 Sp-

SpSWEET3 RIT
AtSWEET3 [2GD#
CsSWEET3 §
SISWEET3 &
SVvSWEET3 g
TaSWEET3 §

SpPSWEET3
AtSWEET3
CsSWEET3
SISWEET3 =ga
SVSWEET3 &

TaSWEET3

SpSWEET3 L1583

AtSWEET3 N EFPRNEE L RNz VDU
CsSWEET3 N EXPRNKE L KSE VD!

SISWEET3 3 YNOCKBKCEEX
SvSWEET3

TaSWEET3 IHS88

: :E YHWYGLE VLR G ‘: i ¥ 100

SWEET3 3 H i) PCR " 14 (& 2) , PCR HL Ik 57 K
FEAF A U, 27 5N E 5, i) va BE RS P B4
K SpSWEET3 3£ A (1) 4 K FF R ASAE |, 1% 3 AL &5
576 MEHR , GAS— 58 191 42 508 1 Bl 5
Bk P& M . SpSWEET3 & 1 & A i 1 i
MN3_slv 5 R 25 AR 3k, =2 82 2 ¥ A A P B A HE R
Dite (& 3).

bp M

SpSWEET3

750

500

K2 SpSWEET3 3[R 7 b 18 At i 3k [
Fig.2 Gel electrophoresis diagram of SpSWEET3

gene cloning

H H ExPSAy 7£ 4k il 55 % H %) PortParam £ 2%
A4 XF SpSWEET3 #E 17 ii AK M 73 #r (&1 4) . Sp-
SWEET3 & H ) 5% 7K 4 & F- #1 {8 (Grand average of
hydropathicity, GRAVY ) 4 0.635 (GRAVY 7£-2 52
Z I, KT 0B AK M, /INT 0 35K Be s 48 %k

MIN3_slv

2 1S T e 1 f R e, E. 99
{ 100
100

100
100

e iMPEYLSIFSEIRS G : 146
FYLS £ 's 200

E 5 200

200
200
200

SKYPAMES . vuvw v o oo 191
[RNSDTNEKNSNNASS 262
RCGDGLCANEXTSNNA 262
CSMLVLTENLSTEN. 257

243
246

ANTFI B SRR AR 7] A (Bl FERR TR B . MIN3_slv (R SF 25 F B 2 b i
%13  SpSWEET3 (K551 /3 bt
Fig.3 Sequence analysis of SpSWEET3 protein
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Fig4 Bioinformatic analysis of SpSWEET3

(Aliphatic index, AT) A 110.73. 4 #7145 5% %R Sp-
SWEET3 £ [ HA7 58 55t 7K M s B v P 5 W7 440 i e
57 TN &5 5 3 s Hoe 47 F B . SpSWEET3 2
AL E 1L o M8 HE , Hoar & T, 2 X ™
Fh G L5 2H A, X SpSWEET3 45 [ il i /i 1L il
BEIEALA 5 BT 45 S i 7 - Sp)SWEET3 43 41 /1
FRAA A, AL 15 22 TR A 15 D IR = FR 0 A
LA &R 7 45 . SpSWEET3 & A 1 M FE Y
BEHEARAL R

¥ SpSWEET3 £ 1 58l Fg I+ (AtSWEET) 7K
75 (OsSWEET) /i) SWEET & [K i b1 ¥E 47 26 H 1Y ik
b BRSPS AT o HEARAR NS #4350 45 5 S, Sp-
SWEET3 % [ 5 /K f§ ) OsSWEET3a 2 [ [m) JF P 4
15, 3% ] RE S T RS P AR S B AR PR
TESEAL A I Ay C & (B 5) ; Sp)SWEET3 & A —
A~ PQ-loop %4 14 Bl 8 K, X A MK ALY
MIN3_slv Z5#g3k f — SR 5F () SWEET £ #43k . iX
2L R4l 5 SpSWEET3 S i & % V1A G

2.2 SpSWEET3HIFRIEBZMER

SR E U R C PR E TR BRI E
KEM3AHr B, RIHE RS 30 X (30D) .60 K (60D)
190 K (90D) . [A] it 7E 90D ik Hi BL T LV E I Ik
B ML 2H 21 (90D-F) . SpSWEETS3 3 {76 M B 41 K
WERE AN B FRBE L SPr R W %5

HEEIEVDE RTINS B (60D, P T4 K
WE R E WY B 5 B ) FEE = A~ Fr B (90D)
HAREWRBEE(K6) . XK SpSWEET3
HEHEAEPNEHARVDELRFIBE T REE EEZME
o HEURE R RIR 0T BN : SpSWEET3 $& H 7
PEBEH RS AHLT I — @ Rk, BEAEMR
FRZEHY b i F AR . VW ERPBE RE RN
BT R R, Ry T IR ARG SpSWEET3
FEX P B A RGE N TR EEAEH, R
£ (PEG6000) A548L 15X 2P B A AR AT a0 Ak
BSOS A B S 4 3P B A R AR 41 Sk AT IR R A
M. 45 B8R SpSWEET3 3£ 5 78 A [H) PEG
WAL H T R B B NIE SRS, Rl E
STt R FEREAR A R B Bl 7 PEG Ab Bk B 19 A W7 T
1=, SpSWEET3 K& K 3% ik 5 % ¥ F+ 15 L 7E 15%PEG
AbBER Y 3R 3k R B i KAE , R W SpSWEET3 3t
PR 2P0 T B R ) S ol 2 %) e o o) R A A
EHL

2.3 35S::SpSWEET3-GFP # 1 iy #3 & #n L 40 B
ELL S
¥ H Xba 1H1 Xma 11§ V) )5 3R 45 1) SpSWEET3
A BS54 8F 35S 8 81 pCAMBIA1300-GFP %%,
TRz Ak, R U 24 R A T XU U] 4 0 |, 1)
¥y 3 358 . SpSWEET3-GFP #& (& 7). ¥ #4115
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OsSWEET14 —Emam—lr-m— e B | I Motif 4
SpSWEET13 — - —m | - | -ﬁogg
OsSWEETI3  — 0 -mm———— e R | . Motif 3
OsSWEET15 R e i B I .
AtSWEETI]  — s — e m———— e e M i | EMN3 slv
AtSWEET12 e B s | —] PQ-]()EP supertamily
ASWEET13 - — - Erm B
ASWEET14 -, [
AtSWEETI10 O m = i B e
AtSWEET!5 ~ m | — sopmns - e |
OsSWEETI11 - -, = e
AtSWEET9 - . e e
OsSWEET12 Com -m E—— EEmm Em
OsSWEET16 Sm-m—— e [EETEE
~AtSWEET16 o W T it
LAtSWEET17 S Em W | Rl s |
SpSWEET3 R T— = s 1
OsSWEET3a -, e |
OsSWEET3b - ., e ||
L AtSWEET3 N . [ ==
OsSWEETla o mEE O [ _
‘OsSWEET1b O EEE [
AtSWEETI .. [ ==
AtSWEET2 —E . .
OsSWEET2a — . T = 1
OsSWEET2b - mm—a O I Jress-=- |
AtSWEET$ B 3 == B o e g
AtSWEET6 T ===
L AtSWEET7 - mm W T = =
AtSWEET4 o W .
AtSWEETS5 - A [ -G |
OsSWEET4 - .-, r =
OsSWEET62 -l -mm—— e
OsSWEET6b - EE— - E— I
OsSWEET5 oW m— ‘I .
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K5 SpSWEET3 W R4S H FRSF S5 H 3k 43 B
Fig.5 Gene structure and conserved motif analysis of SpSWEET3

L ATE A, R PO L 3R A 0 OB 64 7 3 40
PEWLEE, 45 B 7R 358 : GFP 28 3R MAE TR 3 e 40
L ) JE RS A A A R A Rk, P B A R iE R A
SpSWEET3 7£ ¥ 20 & £z 241 I iy i i 2% 3k 1 &1 8
Fim

2.4 SpSWEET3ZEHRREEERAHH

FIFH STRING #(4i /% (https://cn.string-db.org/)
Xt P B4R SpSWEET3 #4758 1 HAE i o 2454
7R : SWEET3 1 fig 5 10485 (1 i 2 [0 7746 A0 HAE
FH . 43 % &3 AT2G34350, TFL2 . PUM23  FKF1 ., Rb-
cX1.AT1G79890.YY1,ZIP6.VPS34 VLNI([&9),
XU H AR S SRR A iR e kR i
Pk W5 I 12 45, 3R W] SpSWEET3 1] fig i
it 5 3% 2R 1 A B 3 — 20 R AR R s
fEH

3 itig

TR RS AR ) A KRR T ) A
AR AR A A SR T T R haa
XPREE AR AE R g R R A AR IR M
VoA [R) 8™ F 52 e A AT A = AR o BT Y
W F BN B B, P B AR EEAKAER 8
RSIR A UL e b DN IR AAE e 31 L/ I R EE 3 7S
HAPUR R T VD AR R AR IR
— PR VDB L5 R X T L O VD A i T R A
AR EEER.

SWEET Wi iz £ [ 2 I 4F R 8 & B — 258
B E R P R, S SR A K R F
Jram B SWEET 2 1 R e o — AR
1T pH M WE % iz 2 T L B 25 0 3l e ) &
FHRERMEEIE R, 5, EA N R R
I MR KRR i A RS Y T A
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A: SpSWEET3H: FAEMBH R IPE

o FRAXERBIKFE
8 -
TF
LM
M5t
23}
2F
1k
oLl N
30D 60 D 90D 90 D-F
FIBHARMIIDE R W

B: SpSWEET33: 8 B4 805 Rk ik
9 -
8 -
7 -
LM
A5t
Z3r
2 - I
1L
0 i ] s s ._
i S il - 1 iy
nE

C: ¥R EPEGAL B T MSpSWEET 3 ik

301

PEG60003K J&/%

K6  SpSWEET3 MFINFFMES
Fig.6 Expression pattern analysis of SpSWEET3

bp M

SpSWEET3

750 [
500

7  SpSWEET3 BURLAL D) % i
Fig.7 Double enzymatic identification of SpSWEET3

recombinant plasmid

BT ZEAY AL TR BE AR SWEET H K (4
FWEAME . AR FCERS NP EHAE
SWEET 3K}y SpSWEET3 (18 2) , i% 3 [H 4 K IF ik
BEASAE A 576 bp, 4l Al % 191 D& LR X5 T
i HE Ny 21.619 kD B EE 1 5T, SpSWEET3 & i T J5i
JEE, SR Bt SR e K SRR 1 (K14) . SpSWEET3
FE R B GRS 0 56 R 9 A g A sk (1 3.5) , Hi
HOAT e &5 e 12 BRI DI BE

SWEET $& P 7 i) A K & 8 b3 v 17 3o
MR EEANEN . MBI, ASWEETA Z 51
B A K 56 R B ™, AtSWEET13/14 2 5458y &

B, AISWEET16 2 5 M 19 A= K DL R A I 38 1
& AE w3 R, BISWEETI1-LF 5 BrSWEET17-
MFI ¥ iRiES S THi ™. EARE
MeSWEET10 94 {18 = 5Huis IR ihia = . AR5
H1, QRT-PCR 73 M & B 1% JE [H 2 AR AR Al 41 b g 2%
R UHAERALYE R E BT U R #3k
k(E6), R SR E KT Z TR .
7E PEG6000 4b 38 (1) T 5 Jip 38 2544 , SpSWEET3 %&
2R I8 32 3 i 2 W55 (Bl 6) , B /s SpSWEET3
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Cloning and expression analysis of sugar transporter gene
SpSWEETS3 from the desert plant Stipagrostis pennata

Sun Bohan', Yang Dan*, Wang Fei*, Li Rong", Li Hongbin™*

(a.College of Life Science / b. Xinjiang Production and Construction Corps Key Laboratory of Oasis Town and Mountain-
basin System Ecology / c.Key Laboratory of Xinjiang Phytomedicine Resource and Utilization of Ministry of Education,
Shihezi University, Shihezi 832003, Xinjiang, China)

Abstract: Sugar transporter (SWEET) plays an important role in plant growth and development and stress re-
sponse. The purpose of this study is to clone and analyze the expression characteristics of Stipagrosis pennata
sugar transporter SpSWEET3 gene, and lay a foundation for further exploring the mechanism and function of its
influence on the development of S. pennata root sand trap. The full-length open reading frame sequence of S. pen-
nata SpSWEET3 gene was cloned by molecular cloning technology; The physical and chemical properties of Sp-
SWEET3 gene were analyzed by bioinformatics; The gene expression characteristics were analyzed by qRT-
PCR; The subcellular localization was observed and analyzed by laser confocal microscope. SpSWEET3 was
cloned from the desert plant S. pennata, which includes a 576-bp full-length open reading frame and encodes a
basic strongly hydrophobic protein containing 191 amino acids with a relative molecular mass of 21.619 kD. Sp-
SWEET3 belongs to the PQ-loop superfamily and contains the typical MtN3_slv transmembrane domain that cat-
alyzes intracellular sugar efflux. Subcellular localization analysis revealed localization of the gene to the plasma
membrane, implying that it may function as a transmembrane protein. qRT-PCR results showed that the Sp-
SWEET3 gene had a higher cumulative expression in S. pennata root tissues, indicating its important role for
sand rhizosheath development. Expression of the gene SpSWEET3 was significantly induced by drought stress
with PEG, indicating its importance for drought adaptation. Protein interaction analysis showed that SpPSWEET3
may transport sugar by interacting with proteins involved in the maintenance of nucleic acid structural stability,
transcription factors, and transmembrane transport. The results of this study provide a foundation for in-depth in-
vestigation of the functions of SWEET genes and the mechanisms by which they regulate plant tissue develop-
ment and adaptation to stress.

Key words: Stipagrostis pennata; SpSWEET3 ; sugar transporter gene; bioinformatics analysis; subcellular lo-

calization; rhizosheath; drought response



