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Abstract: Cassava (Manihot esculenta) is an important food crop in tropical and subtropical
regions. Sugar transporter proteins SWEETsS facilitate the flow of sugar between cells and play an
important role in plant growth and development. In order to clarify the function of SWEET family
genes in cassava, KUS50 was used as material in this study, and the gene characteristics of
MeSWEET17b were studied by gene cloning, bioinformatics analysis, subcellular localization, in
vitro yeast detection and RT-qPCR. The results showed as follows: (1) The open reading frame of
MeSWEET17b was 726 bp, encoding 242 amino acids, and located in the plasma membrane.
MeSWEET17b had the closest genetic relationship with AtSWEET16 and AtSWEET17,
containing 7 transmembrane domains, and belonging to hydrophobic protein. (2) MeSWEET17b
mainly transport fructose. (3) The results of RT-qPCR showed that the expression profile of
MeSWEET17b in stem was basically consistent with in petiole, and the expression level was the
highest at maturity. The expression level of MeSWEET17b was relatively low in leaves, and
highly expressed in the expansion stage of tuberous root, while decreased rapidly with the growth
of tuberous roots. (4) The KU50 seedlings were subjected to abiotic stress such as high salt (8
gL' NaCl), drought (100 mmol-L-' mannitol), oxidation (10 % H20>) and cold (15 °C for 24 h,
then dropped to 4 °C for 24 h). RT-qPCR showed that the expression of MeSWEET17b in leaves
and stems had the greatest difference under drought stress. The expression of MeSWEET17b in
leaves and fibrous roots changed most significantly under salt stress. However, under oxidation
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and cold stress, the expression of MeSWEET17b in fibrous root showed a leap increase, while the
expression in petiole increased significantly with treatment time. This study provides a reliable
reference for further studying the molecular mechanism of sugar transporter SWEETs gene in
cassava.

Key words: cassava, sugar transporter, subcellular localization, sugar transport capacity, abiotic
stress
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2021). BtAb, MeSWEET1. MeSWEET3b. MeSWEET15a. MeSWEET15b & MeSWEET18
Bk, Hif, K% MeSWEET! R TAIMME F, 7ERAM A EREERE (K%,
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&L RNA [1J$2HUZ: 8 RNAprep Pure £ 8l 2 Iy iEY) 5 RNA $2 A & (Tiangen) 1)1
VEVEEH 34T . cDNA 25 —8E 4 S I RevertAid RT i #5635 & (Thermo) HIEEAEVE
BT -

1.2.2 MeSWEET17b ¥:[H 4K cDNA 1

A Phytozome12.0 H' Manihot esculenta v7.1 ¥4 (1) MeSWEETI 7b ¥ 51t 5193 (R 1),
PL KUS0 ) cDNA N R HEAT 71 e % . 4> K cDNA {3 3 &k & % PrimeSTAR Max
Premix(2x) 25 pL MeSWEET17b-F (10 pmol-L!) 2.5 uL. MeSWEET176-R (10 pmol-L1) 2.5 pL.
cDNA HH 0.5 uL KEKENE 50 uLo FHFREFA: 95 CHAEYE 5 min; 95 C 30s. 56 C
30s. 72 'C 1min. 3£ 34 NMEF; 72 CLEfH 10 min. 0.8% ) E IR K &k R IK 7355 PCR 4
war=yy, Ak slite H 4, % % pEASY-Blunt Simple Cloning Vector #& F il .
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[ 3 BB 1T 51 o ProtParam FAAF 20 HTiZ R FI 1K1 70 TR 5% H S NCBI fEZ 84+ CDD
ST A RIS S5 K3 ;. TMHMM Server v.2.0 728 B HEAT 5 I 45 #9107 41 ; ProtScale 1£
2R A T % R A 1 s K M/ SR K SOPMA SECONDARY STRUCTURE
PREDICTION METHOD 7£ £ 3 4 7l 25 1 1 — 4509 . WIUEG I+ TAIR s & T8
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X bootstrap Gt it 22465, #) B AFHEE MeSWEET17b & 5 FI1E N AR Z AL ES 7F SWEET &
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MeSWEET17b V. 30 % & pCAMBIA1302-GFP %5 # 4k I, #J % U 40 i € A7 34k 35S::
MeSWEET17b-GFP, 35S:: GFP {ENXf i W 8 4 pR FE A R AT B B2 40 GV3101, #k
BT V% U YEPWUA 35 953, (450 pg-mL! Kana, 25 pg-mL Rif) , 28 “C 220 r-min" #H4T
A, YRR 7R B R W M ODeoo £.0.8~1.008] o K BV E T 250 ML+, 5000 rmin 250210 min
Ja W B ARYTIE « F 15 mLAR 445 (10 mmol-L"' MgCly, 10 mmol-L' MES pH 5.8, 100 pmol-L"!
AS) Pk, BRI —IK. a AR ISR EEE A, H0De0210.8, M & ih1k2~3 h,
SRIGAZ YL EH F, 25 °CEBREES F748~72 h, B U e IR AR BB gL, HlE.
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¥ H Thermo A 7] CFX LN %6658 B PCR R4, LR EF A0 2848 Ut B H AT .
¥ cDNA #5810 £5/E A RT-qPCR /AT AR . 10 pL MR R, A5 1 pl B, 5l
2xSYBR Green qPCR Mix. 0.8 uL10 pmol-L! gPCR-MeSWEET17b 5% . KB /KHME 10 pL.
PCR S MNAEF: 95 °CTiAEME 30's, 95°C 10s. 60 °C 20 s 3L 40 NMEF, FEI 525 477~
VIR IR R A3 HT o LA Medctin fE NS IEIN, L 2-°7 e B2k 47 JE DR R HR X o 3Rk 4 #T o
1.2.6 MeSWEET17b HIHE 2 REE 4 Hr

EBY.VW4000 % B & —Fh CUVE 12 T g G [ B 2 BE S AR A, IR B AR TGV AE O A —
TR P R I I (ura) BB AR 1 B 55 F2 8L SD-ura AR AR, AT DLTE 32 28 Bl A ik — B 05 1) 38 ¢
R 355 SD-ura AR IR E 4K . ¥ MeSWEET17b () CDS J¢ 71 k) 8 31 % £ Th fE 55 82 34k
pDR196 (£ 1) I, {fiH Yeastmaker™ Yeast Transformation System 2 kit F#£F 4077 &
(Clontech) 1 58 2, — /I i B v 35 B 4% A0 722 H2 40 5 1Y) MeSWEET17b-pDR196 Jii f #4k 3)
EBY.VW4000 fBEE . 7E1E 3535 72 5L SD-ura + 2 %2 TR FRIZIE7:, HIBT 30°C
REFRAE R IR 3~5 do B ETE BN SD-ura + 2 %3 PR S SR B R PR (30 °C, 220
rmint). fiF ODeoo IEF] 1 AW, (FIEREE . B 1 mL ERINA 1.5mL JGHEELES,
FIRT, EEEO 15s, IR, F L. A I mL CHEBAK, EEEE, FHRmEHE
B 15s, WERE, 5 EE. ERER 2-3 WREER, REFRRBIERFRIE R0,
B 4 pL BN X 165, IRGREE X 10 /%, X 100 f%. X 1000 {581 X 10000 1%, 5] ki
B A R ME— B U Y SD-ura IR FEE; 773E L (SD-ura + 2 %22 2F ¥ . SD-ura + 2 %% % H -
SD-ura +2 %$HE. SD-ura+2 %JREHE), {8E 30 CRIFMREIE 3~5d, MEEKIEN.

1.2.7 S # J5 R Bm db #E



KH Excle #1454,
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Table 1 Primer Sequence

YK Fr3l

Name Sequence
MeActin-F 5'-TGATGAGTCTGGTCCATCCA-3'
MeActin-R 5'-CCTCCTACGACCCAATCTCA-3'

MeSWEET17b-F
MeSWEET17b-R
MeSWEET17b-gfp-F
MeSWEET17b-gfp-R
MeSWEET17b-qPCR-F
MeSWEET17b-qPCR-R
MeSWEET17b-pdr196-F
MeSWEET17b-pdr196-R

5"TTGGGCAGGAAAGAAAATCAAT-3'
5-GTTCTCTTCAATAACGTCTTCC-3'
5'-GAGAACACGGGGGACT ATGGAAATCTTGAGTTTG -3'
5'- AAAGTTCTTCTCCTTT TTAATTATTAATTTCATG -3'
5'- ACTCTCTTCCTTGTATATGCACCAC-3'
5'- CTAGAGGCGAACCATACATAACAAT-3'
5-ATATACCCCAGCCTCGATGGAAATCTTGAGTTTG-3'
5'-CGATAAGCTTGATATC TTAATTATTAATTTCATG

R 50

2.1 MeSWEET17b R 4K CDS R K EA RSS90
@it RT-PCR 444 S5, 3K MeSWEET17b 5:H4RALHE T 51 726 bp, 4if 242 N

g (K 1:A) ,
TABEREA.

EANTHREN2632kDa, Hip%%
J#Id NCBI 728 ¥4 CDD

SEHLEON 7.72, ARRE RN 4054, JF
ST RIL, A N & A MIN3 slv 5145

M8, &4 2 A PQ-loop superfamily. TMHMM Server v.2.0 fEZR AT IR, ZEASH

7 NS REAE R, AL (& 1: B): ProtScale TR, MeSWEETI7b

EHETH

KYEEE (K 1:C); SOPMA 73 #r i7", MeSWEET17b 5 A K45 1 49.79% o-12 i |
27. 39% AEMEE . 4.56% B-F5 A1 18.26 % %%JJ"J%HH?HEE

1 ATGGAAATCTTGAGTTTGGTGTTTGGAGTGATAGGCAACGTGATC
MELL S L¥WEEG Y LENY T

46 TCAGTGCTCATGTTICTTTCTCCAGCAAGAACTTTTIGGAGAATT 12

S VLMFLSPARTTFEUWRI T
91 GTAAAGLGAAAATCCACTGAGGACITIGACAGICTICCITATATE s

VKREKSTEDFDSLEPTYI .
136 TGCACATTACTAAATGCAGCCTTATGGACCTACTATGGCAICATC & 08

CLLENALALWG I ®XETIL Z ‘
181 ARACCAGGAGCCTTCCTIGTAGCTACTGTTAATGGITTTGGAATC & g6 ‘

KPP GAELYATVYNEEGRG.I i J\ ‘
226 CTGGTGGAAATCGTATACGTAACTCICTICCTIGIATATGIACCA » ‘

L YVEIVYVYTLFLJYCYAEFP i i
271 CCAAAAATGAGGGCIAAGACAAGTATICTGGTIGGGATCTIGGAT

P KM ERAKTSILYVGILD 02 ‘
316 GTGGGGTTCTTAGCAGEAGCAGTTCTGGTTACTGGCTTGOCCTTG Il !

¥ GFEL A AAY L YT GL.AL 0
361 CATGGACAAGTGCGGATTAATGTGACAGGGTTCATGTGITCTGGT
BEeERg Y RI NYTGFMC S &
406 CTCAATATTGTTATGTATGGTTCGCCTCTAGCTGCTATGAAAACA C
L NI ¥ MYGSPLAAMIKT

451 GTGATTAGCAGTAAGAGTGTGGAGTACATGCCGTICCTGCTCTCC }I
h

100

200
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FEH SR Sequence analysis result

VISSKSYEYMPELLS
496 TICTTCCTITICTTGAATGGAGGGATTTGGAGCTIGTATGCTTIT
FFLFLNGGTIWSLYATF 1 P | ‘“/wl.}
541 CTCACAAGTGATTATTTICITGGGGTACCAAATGGAGCTGGATTT 1 \ g bt i{b W W |

LTSDYFLGVENGE GAEGEF Vol ' 'ﬁ':lr‘ |

"
585 TTACTTGGGGCAGCACAGCTAGTGCTCTACGCAATTTACAGGAAT 3
L0.% A A D i vd ¥ bt ¥ B N i
631 GGCAGTAACATTICTGATGGGCTGGAAGAAGGGTGGLAATATCAG &
S NTISDGLEEGSGYQTYQD \ | |,‘,|‘
676 ADCCTTATCTCATCATCTTCATCCCAACAATCCCATGARATTAAT | '
TLISSSSSQQSHETLN z
721 AATTAA
N * -3

50 100 150 200
{28 Position

A, HRTIIAHE S FEEER T (RR &L EW 7, TRILRRIRT LI PQ-loop superfamily); B. #5 i
SERIBIN ;. C. B SR A/ B K T .



A. Nucleotide and derived amino acid sequences (* represents stop codon, underline represents conserved domains
PQ-loop superfamily); B. Prediction of transmembrane domains; C. Protein hydrophilic/hydrophobic prediction.

B 1 MeSWEET17b R H R FFFIFE B R 4151
Fig.1 Nucleotide sequence and protein structure of MeSWEET17b

2.2 MeSWEET17b ] RGHELR 04

Sof A B i 35 55 1 SWEETs AL B JF SWEET & AT R G dt e 2#r, K
MeSWEET17b 54\ F 7+ AtSWEET16 1 AtSWEET17 fii T [F—#k A |, J& T Clade IV (&
2:A) . X DNAMAN #8454 MeSWEET17b. AtSWEET16 1 AtSWEET17 & 3L/ 7 511
TR, 458578, MeSWEET17b Al AtSWEET16 [ [A] Y5 1474 3] 51.24%, MeSWEET17b
%D AtSWEET17 HJ[RIJEMEILE] 53.72%, & A WK PQ-loop superfamily £5#4 (& 2: B).
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=L Clade IV MeSWEET17 Consensus af
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AtSWEETS AtSWEET17 X i VEET 200
AISWEETS Consensus npf 1sfflflng iw wva 1 d fl vpng gf g
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é MeSWEETS MeSWEET17b GSNISCGLEEGWQYMTLISSSSSQQSHEIL 239
$-E Clade 1T MeSWEET4  pcsWEET16 AEPIVEDEEGLIPMEPLLA.......... 230
4|:EM€SWEET6 AUSWEET17 AKPVGLSNGLSEIMSDEEEGLTSRVEPLL 240
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AISWEETS
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A. Phylogenetic tree; B. Protein sequence alignment.

& 2 MeSWEET17b KR Gttt & 5 5 57 51 Ho
Fig.2 Phylogenetic analysis and protein sequence alignment of MeSWEET17b

2.3 MeSWEET17b L4015 fr

# 35S:: GFP H1 35S::MeSWEET17b-GFP 21 5 ki 4% AL A& AT B 2 S 4 s GV3101, FF
RGLMHELN: JFr, FE2O IR RS T LS AR B R )RR 1 0L, 253 oK, 35S: GFP 1
2 it R 2 A% R S RE R &2 3158 6155, T 35S:MeSWEET17b-GFP R fE4H i A7 7E %
HAES, HEM MeSWEET17b & T4 (& 3) .
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Fig.3 Subcellular localization of MeSWEET17b

2.4 MeSWEET17b FI¥EFE R

N T BE MeSWEET17b #4518 ¢4, K pDR196 Fl1H 41 5 [) MeSWEET 1 7b-pDR 196
JoT KL Ak, 28 DA 22 28 WA Dy E — B VR ) O % R B AL B2 BF EBY.VWA4000 . H5
pDR196 F1 MeSWEET17b-pDR196 (AL B 1. 101, 102, 103, 10488, K5
WTEH 2%Z2 205 CoFIRD 2% 2 0 2% 50 K 2% Bl 45 A [R] B (1 146 8 15 37 & SD-ura
AR |, 30 °C, BB K7 FF 3~5 d, M AEKAE L 45 R R B, pDR196 fil MeSWEET17b-pDR196
PIREAE 2%72 2R A ME— YR 1Y) SD-ura AR EAE K [FIR, MeSWEET17b-pDR196 tHAETE
2% HE A —BRIE 1) SD-ura “FAR AR, HEN MeSWEET17b 3 B 4412 5Lk

2%EFFHE 2% maltose 2% i 2% glucose

1 01 0.01 0.001 0.0001 1 0.1 0.01 0.001 0.0001

pDR196 . . 8 . g - o0
MeSWEET17b-pDR196
3 0 0 0 © ™ |

20%RE 2% fructose 20 HE 2% sucrose

1 0.1 001 0001 0.0001 1 01 001 0001 00001

pDR196

MeSWEET17b-pDR196

&l 4 MeSWEET17b &5
Fig.4 Sugar transport properties of MeSWEET17b

2.5 MeSWEET17b TEAZEARRREARKE N HHRE

43 AL KUSO FE R B R B s s Fr s A ZEATRIERAR S R, $RELE RNA J5,
BE4T RT-qPCR 40477, 45K MeSWEET1Tb 1EARZE M Fi h B HA%, 28 i) 14 31
K; EMAR I RIABEE R A KRS B, ERSIA R R K MeSWEET17b {EJE K
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HARE I M RIA T E T, AWM EEE B MeSWEET17b 1E R ZHUR I K HIFRIA
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FIXRIER  Relative expression
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ns ARLER (P>0.05) , *FRAER (P<0.05) , *FREREE (P<00D) , **FREFREE
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0.01), *** indicates extremely significant differences (P<<0.001). The same below.

B 5 MeSWEET17b TEARZE R RS E N F K E I R KRE S
Fig.5 Expression analysis of MeSWEET17b in different organs of cassava at different
developmental stages

2.6 MeSWEET17b TEAEAEYIME T FIRIE T

B KUS0 M K72 20d 5, AT T5. . SAbUUAREM G, T5. St
e AL EERFTE] 9 04 12, 24, 36 h, fRIEEMHERA 15 °C 24h, J5kEE 4 °C 24 h [ALEETT
Ko RERABE S MR, 2R 1T RT-qPCR KA 1. RT-gPCR 7 #r4h
REIR, FRpEMIMIET, FEEGIR LR, MeSWEETITb FRIEZEG EFET
BEfttash, 4T 2038 24 h I8, MeSWEET17b £EM . ZEFF AR I 263k K F ik 3K,
5 oh AL, MR FIZEFFEAREE 24 h I RIEAKCE AR S T 11.17 F120.95 fi5. A 12h
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Fig.6 Expression analysis of MeSWEET17b in different organs of cassava under abiotic stress
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FECER Y AR BARH . A KR B S TR EEEH . AU MDA KRN GH 5T R
FIReERE, HAMMAKEEE ST (Liuetal, 2019). Mk 5 E [ SWEET K AE4%
VNI A L R 8 B R R & &, MR E S &R (Guo et al., 2009) 3 17 P V8 14
ARKKE MAEEWN (Yuetal., 2012). PAAKZE KUS0 M5 ¢cDNA NIEAR, 33 MeSWEET17b
1 CDS J¥41, 5 Manihot esculenta v7.1 5% FEH AMS560 [¥))753E47 LEXT, 25 B R B TCh 2%
Z5E, RW MeSWEET17b {E R Zh i Z {457 . FIFH RT-qPCR 4 #t MeSWEET17b 1£ KU50
ANFERE My M AT PR RIATE 0, K MeSWEET17b 1EM A H m 3Rk,
HBAIRRIEREIARHER, /£ ZHAER P HREREEK. SARZEFEFH TME204
ANFRHALR/ T E PR FHSE R R R (Wilson et al., 2017) o & 45 e B A U & B
MeSWEET17b ¥ E %4z Sopl, NI A2 MeSWEET17b = 56 57 45 A b 42 1) SR b 3k AT
ANHE, TEAREN ‘O #RETRRIEEH . MR B RIS TR MeSWEET17b 2 Z @47 T-41 i
55, RHMANIEEA, 5 MeSWEET1(X)ZE45, 2017), MeSWEET15a. MeSWEET15b (Fan
etal., 2023) HIHFFT4E B —5.

ARG M R, MeSWEET17b fiZ T CladelV, 5#l% 3+ AtSWEET16 #
AtSWEET17 J& T[F—i#1t 3. MeSWEET17b 5 K2 MeSWEETI8 3456 R filt, &3t
R 2 4 [E1 5 1A 3] 82.79 %. AZE MeSWEET18 T #4515 Bkl, VIGS UTEk MeSWEETIS8 J&,
HyTEB Mk R A RS BN S (0S5, 2022, 2023). ARSI ACSWEET17 f£H F R
PO EREE HEAEH B ACSSWEET17 JUERME RBE IR RIhaeEAL. HMEAKEAR
% (Chardon et al., 2013) . X} MeSWEET17b HI¥EFE IS RF M 3E AT 4081, R 32 BHE 12 JLpk,
5 MeSWEET18 fll AtSWEET17 F 520 B b FR R Ik 7t 45 5 — 2.

SR e T AR MASWEET1 7 ARG, BE8 1Y 58 5 A0 0 T I 52 14, [F] i AR
EHZHERE (Luetal., 2019). i RIERFEIT ASSWEET17 M AtSWEET16 4353074 il R i
Fro o SR pE R 2 k2> (Chardon et al., 2013). &AL TV B b S ik e 12 B G
SWEET17, #5252 N LR S MIAR ¥ 42 K (Valifard et al., 2021). W CsSWEET16
FENZ SR BEIE RS, Be8 20l B TR M 8 R i 52 P (Wang et al., 2018). H
4 LoSWEET14 2R ET 2. RIE. B AEAEYia & ABA L3R 1) 3208 5 35 38,
LoSWEET14 RS FRIA AT R B EE 8 70T 52 RIRSFIEEYME K ABA [P,
HIEL SR IT ASSWEET10 SEZ R R HT, T EFEIZEME(Zeng et al,, 2022). X ARZE KUS50
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