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The Identification of the SWEET Gene Family in Oats and Its Expression
Analysis in Response to Drought and Salt Stress
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(1. Qinghai Academy of Animal Science and Veterinary Medicine, Qinghai University, Xining, Qinghai Province 810016, China; 2. Sichuan
Zoige Alpine Wetland Ecosystem National Observation and Research Station, Southwest Minzu University, Chengdun, Sichuan Province

610041, Chinaj; 3. Institute of Tropical Eco-agricultural Yunnan Academy of Agricultural Sciences, Yuanmou, Yunnan Province 651300, China)

Abstract: To identify the SWEET genes in Avena sativa and its responses to drought and salinity-alkalinity
stress, this study systematically characterized the AsSSWEET gene family using bioinformatics approaches and
analyzed their expression patterns under drought and salt-alkali stress conditions by RT-qPCR. A total of 37
AsSWEET genes were identified and mapped to 19 chromosomes. All AsSSWEET proteins contained the con-
served MtN3 _saliva domain, most members possessed seven transmembrane helices ( TMHs) , and subcellular
localization prediction indicated that they were primarily located on the plasma membrane. Phylogenetic analy-
sis revealed that AsSSWEET proteins could be classified into four major clades and shared high homology with
SWEET proteins from Hordeum wvulgare. Promoter analysis showed that AsSWEET family members har-
bored numerous cis-acting elements associated with light responsiveness, hormone signaling, development,
and abiotic stress responses. Expression profiling indicated that 10, 7 and 18 AsSWEETs genes were signifi-
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cantly upregulated in leaves under drought, salt and alkali stress, respectively. Among them, AsSWEET15a
and AsSWEET15¢ exhibited consistently high expression levels across all stress conditions, suggesting that
they might serve as key candidate genes involved in oat tolerance to drought and salt-alkali stress. These find-
ings provide theoretical insights into the functional roles of the AsSWEET gene family in abiotic stress

responses and offer potential gene resources for molecular breeding of stress-tolerant oat varieties.
Key words: Avena sativa; SWEET proteins; Bioinformatics ; Abiotic stress; Gene expression
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D)2 A ) AW 2 1 5 RS 3 iy 0 B AR BT,
VKB P N AEAE 1Y) 3 32 22 A W 42 2 11 43 ) Dl B
% iz % 1 (Monosaccharide Transporters, MSTs)™' |
T B 5% 32 2 11 (Sucrose Transporters, SUTs)™ Fl i
A HE #% iz | 1 (Sugar Will Eventually be Exported
Transporters, SWEETs)"” . H [ SWEET R 4F 2k
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MY, SWEET 3K C 9 UF 52 58 0% 3 5 H 0 HE A=
Yoo w2 ag A0 . K OK (Zea mays)
ZmSWEET1b %5 P R % 1 ] ¥ 42 S AL, iX — 4
PE AT BE 38 2o 5 e K A A, S EoR BT R AR T
HE B . Ko T BT BRI (Arabidop-
sis thaliana) AISWEET11F1 AtSWEETI12 3%k 11
S AR E R A [ AR dz DA 3 40 e O T S
SER (Malus domestica) MASWEET1 % R 5 i 3% ik
B, BB A 38 S 1 I AT s v AR B AR i O (Solanum
lycopersicum) AR EEVE . IKAE (Oryza sativa) it
VE TR R B ST OsbZIP72 W] L B 5 OsS-
WEETI13 Fl OsSWEET15 % [ 1) i 8 T 45 45 I8
Ti% H R A, DTS At 180 42 JHE W 1) 3 o 01 20 P, 52 %
KR T 5 R R ol 3 e ) A R T SR, H R
KT Y SWEET 35 1 4 faf i 7 1 52 40 £ 5l by 388 119
I3 F IR AS TG W, iR IR AIRSY

e & (Avena sativa) VE 9 RAFE— F i B 20
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A X S b T DR R e i A A it A 1Y )
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RN ER B 38 1 4y F AL B FIR AR SWEET
I 53 BB A 5 15 300 8 ) R 22 TR) 0 N FE B R,
Yivk i SPui R s o FOLE R . R, AR
FEiE o A o AR WE B2 T B e ASSWEET
BN R WM AT RGN . oA HE R R
Ge A Y AR o AT KRR 1 A AR RRAE 25 A AN TR
AT R RBER, B WA ASSWEET 3 H %
T B T BE |, 8 7% LA 390 58 ka6 v 9 43 R R AL
Sk BB i R R B AR AR S S A

1 HB57E

1.1 HEASWEETR B REEREUER
a3

DL TAIR %1 48 & (https://www. arabidopsis.
org/ VKR IR IF SWEET 3P Z ik R (T 44y
SHIFH ., A OT3098 v2 Fe [N 41 IR 15 B K gff 3C
4 5K J5 F GrainGenes # #& £ (https://wheat. pw.
usda. gov/GG3/)O"" . JE L TBtools F {4 X e 4 ik A
B AT Blast, T € LBRITRIFA . Bk 5 1
% ¥ 512 28 & Pafm-InterPro Chttps://www. ebi.
ac. uk/interpro/ )k — 25l i QRSP S M BUIE . R,
fifi 1 Expasy- protparam Chttps://web. expasy. org/
protparam/) Z3#T T #e & AsSSWEE Ts % i i1 # i
SFHLA (D S T (MWD R 7EZ TR TMHMM -
2.0 (https://services. healthtech. dtu. dk/services/
TMHMM-2. 0/) il AsSWEETs %5 ] #5 5 # JiE 25
 F 48 WoLLF PSORT 7 £k M 34 4» Hf SWEET &
1 A4S 4 i 52 v Chttps://wolfpsort. hge. jp/) .

1.2 #%ZE AsSWEET & B & #7ill
Fl 1 8 T H SOPMA (https://npsa. lyon.
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npsa_sopma. htmD FUll & 1 it — R 45, 2808 &
gL BAMH . MM 7E & T A SWISS-MODEL
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S ET
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BHKN10, KRS HCRH Z 5 BN
NCBI £ J& # i Batch CD-SearchChttps: //www.
ncbi. nlm. nih. gov/Structure/ bwrpsb/bwrpsb. cgi)
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T HITOL (https://itol. embl. de/) B 47 A 4L .
FIFH STRING 7 £k ™ 3 Chttps: //cn. string-db. org/)
e SWEETs M B.AE A F , JF ] Cytoscape
3. 10. O e TORAL ™

1.5 SWEETERIL LM

AT TBtools £ Xt # 22 AsSSWEETs 5 ik i
SUHEAT AL SR o7 TR I O3 A S A R e
(Avena longiglumis) Fl VU %5 1A #e 2 (Avena insu-
laris) \ R B (Brachypodium distachyon) Fl7K
i Z A By L 2R & JF T AL AL B

1.6 #®EAsSWEETERAR KRB FIRKIERTH
S

H)FHAE 28 W 3% PlantCARE Chttp://bioinformat-
ics. psb. ugent. be/webtools/ plantcare/html/) , 3& F

M ASSWEET 3 17 2000 bp iy 55 17 51, 53 #7
JA S IR AR G E 6 TBrools Fft il #AL =

1.7 #H{EASSWEETEERZEER 5

1.7.1 Fusaz DA G R UL v ilse bkl
Pt HL/N— 0 Fh 7 FE R F &N R 7RG
8 bRk Hoagland 7 W Y, i % 2540 S Ol B/ s oy
16 h/8 h, H &I 2k 22°C/18°C B 60% . IR
B 200~250 pmol-m s R EW M —.0 )5, U
ATpiB AL BE 5 R FNGRbE b 530 R S 15 %%
PEG-6000, 150 mmol-L™" NaCl #1 100 mmol-L™"
NaHCO,(pH {5~ 8. 3) i Hoagland ¥ ¥ #1755 5% ,
AR 10 H A, 23 3 A6 i i CO ) A ) 6,
120 24 h R AR [6] 38 258 T AR 35— B 4 i i
e b R R 5 S DR AT F—80°Cuk A -

1.7.2 E8 % %% F(RT-qPCR) ¥4iE | HI7E
28 W 3l Primer 3. 0 plusChttps: //www. primer3 plus.
com/index. htmD ¥ i1 AsSSWEETs 3& K 5| ¥ ¥ %1,
5191750 B 9 53 W AsEPGS-1D2 5191741 in# 1
IR o g3 A T 5 LR AR a Ab B0, 6, 12 A
24 hE 2 M i RNA, i 50 4 4 RNA 48 BUs
# & V1.6 (BIOFIT) . ffi J§ ToloScript ALL-in-
one RT EasyMix for qPCR i 7 £ (TOLOBIO) ¥
RNA i % 5%t 5 cDNA, RT-qPCR 2 W % 2X Q3
SYBR ¢PCR Master Mix (Universal) i il £
(TOLOBIO) #E47 , ) BL A £ 2 20 pl., 7 2X Q3
SYBR qPCR Master Mix (Universal) 10pL ., I F i
1% 4 0.4 pL . cDNA B # 2 pL . ddH,O 7.2 pL.
R FF R+ 95°C 30 5395°C 10 s A1 60°C 30 s(40 4
TEIR) o BEAFEM I SIRAEY 2 H I B A X ik
R 27 R

1.8 #ELIE

K FH SPSS 27 #44F #E 47 BB R J5 2 4 6
(ANOVA)  ffi [ LSD ¥k #4734 J5 2 & b e, JF il
H R4. 4. 14,
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2.1 HEFASSWEETERERKEBRHETE

A F 5 75 e 22 Jk IR 20 B e v L 0 37 A
AsSWEET &N Wl 51, IF 4 il 75t AsSWEET
3 K3 8 F MIN3/saliva( PF03083) {4 57 45 ¥ 38, 5
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*£1 RT-qPCR3|#FF]
Table 1 Primers sequences for RT-qPCR

JL K4 Gene name

E 549 Forward primer (5'—3")

18 51 Reverse primer (5’ —3")

PR Product size/bp

ASSWEETla CAAGACGAAGAGCGTGGAGTT
ASSWEETI1b GCGAGGTTCTTCTTCGGAGTC
AsSWEETIc GCGAGGTTCTTCTTCGGAGT
AsSWEETI1d AGTTCTTGTTTGGGATTTCGG
ASSWEETIe TTCTTGTTTGGGATTTCGGG
AsSWEETZ2a AAAGAACCCTCTCGGGCATC
AsSSWEET2b CTTCTCTCGTCTTCTCCGCC
ASSWEET2¢ TGTTCCTGTCACCTGTACCGACG
AsSWEET2d AACCTCTTCGCCTTCGCTCT
AsSWEET2e ACAAGGAAGGCAATCTTTCATAC
ASSWEET3a GCACACCCACCAAATGCGTAA
ASSWEETS3b GCAAGACAAAACCTTCAGCCC
AsSWEET3¢ GCGTAGTTTGCCTTCTCCTC
ASSWEET4 GTGATACTGCTCTTGGCCCCC
AsSWEETS GACGGACGCTGTCGACTTTG
ASSWEETI1la GCTCGTCAAGACCAACTCCA
ASSWEETI11b ACGGAGGGGTTCAGCTCGGT
AsSWEET11c¢ TCACCATCAACTCCTTCGGC
AsSWEETI11d TGCGTGCTGTGGATCTTCTA
ASSWEETIle TCCTGCTCACCATCAACTCCT
AsSWEETI12 GTTGGTCTTCGCTGTGGGCAT
ASSWEETI13a CCGATACCGACCTTCTACCG
AsSWEETI13b CGACGTTCTACCGTATCTACAAA
AsSWEET13¢ GGTTAGAGACGAAGAGGGGGA
AsSWEET13d CAACCTTTGTATCGCAATGGG
ASSWEETI13e CCGATACCGACCTTCTACCG
AsSWEETI13f CCTATCCCTGGAGCACCCCT
ASSWEETI13g TTCGCAACCTTTGTATCGCA
AsSWEETI13h GAGGGGTTCCAGTCTGTGCC
ASSWEETI13i GCTTGGAGTTCGCAACCTTT
ASSWEETI15a CCTCCCTCTCTTCCTCCCGA
AsSWEETI156 TTCCTTTCACCACTTCCGAC
AsSWEET 15¢ ACCTCCCTCTCTTCCTCCCG
ASSWEETI16a CGGTTCTGGTCTTCGTTTCT
AsSWEETI16b AATGTCTGCTTCTTCGCCGC
AsSWEET 16¢ TCTTAGTCGGAATCGTCGGG
ASSWEETI16d TCTTAGTCGGAATCGTCGGG
AsFPGS-1D2 AGGACCGAGATTGTTCTTTA

CCCGCACCCGTTGGGGATGTA 127
GTTGATCGTCGTCACCAGGAT 210
AGGAGGCAGTTGAGCAGCGT 149
CCTTCTTGCTGGACGCGAAG 273
CTCGCCTTCTTGCTGGACGC 275
TCTCCTAAATGTCGGCAGCG 231
CGGACGATCCTCCTGAATGT 133
GAAGAGGGAAATGTAGGCGAG 206
AGAGGGAAATGTAGGCGAGC 223
AGAGAAGGTAGGGGAGCCCATCG 212
GGATACCCATCAAAGAGCCGA 242
GAGTCCAGTTCTCCCACCCAG 238
AGTCCAGTTCTCCCACCCAG 173
TTCAACATTGCGATGAGGTAC 104
CCTACGGACCCTTCCTCTGA 171
AGGAGGAAGGATGCGAGGGC 135
CAGCCGAATGCGTTGATGGT 119
GGAAGAAGTAGGCGAGCGTC 105
CTCCGAGGAACTTCTCACGA 241
TCGAGGAGGAAGAAGTATGCG 118
GCCACCAGCTTGACGGTGAAG 294
GGAGGCTCTCGTTGGATTTC 133
GGATCTTGGCTGTGAAAACCTTG 228
AGGCTCTCGTTGGATTTCACC 294
AGGCTCTCGTTGGATTTCACC 228
GAGGAGGCTCTCGTTGGATT 135
AGACTGGAATCCCTCCGTCG 133
GGAGGGTTTCGTTGGATTTC 237
CGCAGCGTTGATGGTGATGA 111
ACGGTAGAACGTCGGTATCG 133
CCTCGGTGGACTTCTTACGG 227
GCTTCGCAGTGAGGAGTCTC 241
CCCTCGGTGGACTTCTTACG 229
TTTGGTGACGCCGTAGTAGA 137
AGTAGACGCTCCAGATGCCG 223
GGTGCGTAGGCGAGGTAGAG 253
GGTGCGTAGGCGAGGTAGAG 253
AGAATCTTTCGAGATTTGCC 158

3 4 ASSWEET i b (AsSSWEET3a fl AsS-
WEETI16 a/b) L — 4> MtN3/saliva 4% ¥ 48 , H 4
BIA WA o MR W Rl R e ik AE OC R AT
4 (R 2) . B EALME T 2 B 45 R A8, AsS-
WEET # 1 % i 107~344 A~ & HE R , 43 F = 7% 11
855.51~37 854.59 Da 2 [H] ; ¥l i 5§ i 45 (PD 7
6.10~9.53 Z [l , H o AsSWEETI12. AsS-
WEET15a . AsSWEET15¢ fll AsSWEET 16a f9 #i¢
GHS(PD/NT 7, 289, HREAY KT 7, %
B b B M A . BR AsSSWEET3a il AsS-

WEET16b, HAth ASSWEETs & F ¥4 6~7 415
JiK W2 fiE 2% #4 ( Transmenbrane helix, TMH) , Kk £ %
B S 7Y TMHs. W 48 B A7 15000 25 2R 7R 37
# AsSSWEETs & FH A7 TR L.

2.2 #%ZE AsSSWEET & B &l

WA AsSSWEET 25 1 4540 i o- IR E L B-%%
1 JC LI 25 it R0 AE (A L 4 R (R 3) . - L
T 33.65%0~57. 94 % Z al, Horb oy Lb A i 19 /& AsS-
WEET16b; Jo L ] £5: i 75 26. 17 % ~49. 36 % Z [i] ,
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Table 2 Characteristics of AsSWEET gene family in oat
. . i 5 AR e R p AR 7E B
Gfifmc ERERD %’%L %ﬁi fir & Position éﬁl{i’ S]Z Transmembrane Physiological characteristics 4;?1.5 Subccuular
JFih Start 4k End Helix KJE Length/aa 73 FHt MW/Da location

AsSWEETIa  AVESA.00001b.r3.3Cg0003053  3C 632916425 632919735 807 6 268 28909.3 8.71 TR
AsSWEETIh  AVESA.00001b.r3.4Ag0003204  4A 409 340439 409 343 759 798 6 265 28627.93 8.94 R
ASSWEETIc  AVESA.00001b.r3.4Dg0002756 4D 364 379005 364 382 334 798 6 265 28625.95 8.94 Jii
AsSWEETId ~ AVESA.00001b.r3.1Ag0001066 1A 286912858 286 915 255 804 6 267 28 527.36 9.05 TR
AsSWEETIe  AVESA.00001b.r3.1Dg0001065 1D 278 885867 278 888 324 795 6 264 28 343.27 9.04 Jii i
ASSWEET2a  AVESA.00001b.r3.6Cg0000940  6C 94727742 94729 327 876 7 291 32051.86 9.12 T
AsSWEET2h  AVESA.00001b.r3.6Dg0001616 6D 283606 847 283 608 431 825 7 274 30 526.81 9.12 JiE
ASSWEET2c - AVESA.00001b.r3.3Ag0001950  3A 393295087 393 296 608 i 7 258 28528.79 9.25 i
AsSWEET2d ~ AVESA.00001b.r3.3Cg0002187  3C 536 875047 536 876 665 780 7 259 28815.93 8.64 JifE
ASSWEET2e  AVESA.00001b.r3.3Dg0001501 3D 344075181 344076 795 1 7 258 28 602.82 9.15 TR
ASSWEETSa  AVESA.00001b.r3.1Ag0000187 1A 22980228 22982408 432 4 143 15922.03 9.17 i
ASsSWEET3b  AVESA.00001b.r3.1Cg0000615  1C 65244122 65246 139 789 7 262 29 296.87 9.42 TR
AsSWEET3c  AVESA.00001b.r3.1Dg0000158 1D 18612371 18614625 789 7 262 29 286.81 9.39 i
ASsSWEET4  AVESA.00001b.r3.2Ag0002286 ~ 2A 399181076 399 183 633 948 6 315 33180.89 9.11 i
AsSWEET5 — AVESA.00001b.r3.2Dg0002211 2D 190420847 190423 543 948 7 315 33 115.85 9.21 TR
AsSWEETI1a  AVESA.00001b.r3.5Ag0002899  5A 451457153 451458692 879 7 292 31881.94 8.82 i
AsSWEETI1b  AVESA.00001b.r3.5Cg0002511  5C 541917379 541918979 879 7 292 31802.9 8.99 i
AsSWEETIIe  AVESA.00001b.r3.5Cg0000165  5C 32380773 32383151 891 7 296 32120.82 8.69 JRiE
AsSWEETI11d  AVESA.00001b.r3.7Ag0001651  7A 143797313 143799 666 885 7 294 31763.49 8.42 G
AsSWEETIle  AVESA.00001b.r3.7Dg0000630 7D 57781596 57783953 888 7 295 31888.62 8.42 Jii
AsSWEETI2  AVESA.00001b.r3.5Dg0000357 5D 35925386 35927758 933 7 310 33 899.02 6.10 TR
ASSWEETI3a  AVESA.00001b.r3.6Ag0001356  6A 276417189 276419175 891 7 296 32 186.27 9.13 Ji i
AsSWEET13b  AVESA.00001b.r3.6Cg0000318  6C 26 147091 26 149 363 897 7 298 32613.5 8.81 TR
ASSWEETI3c  AVESA.00001b.r3.6Cg0000323  6C 26531559 26533491 792 7 263 29162.56 8.70 JiE
ASSWEET15d  AVESA.00001b.r3.6Cg0000324  6C 26617484 26619 694 1029 7 342 3771457 8.89 i
ASSWEETI3e  AVESA.00001b.r3.6Dg0001039 6D 238650020 238 652 281 891 7 296 32186.3 9.17 TR
AsSWEETI3f  AVESA.00001b.r3.7Dg0002465 7D 444421645 444423738 888 7 295 322915 9.25 JiE
AsSWEET13g  AVESA.00001b.r3.7Dg0002466 7D 444 465162 444 467 355 993 7 330 36 406.12 9.53 i
AsSWEET13h  AVESA.00001b.r3.7Dg0002837 7D 473736 927 473739 048 891 7 296 32473.76 9.25 TR
AsSWEETI131  AVESA.00001b.r3.7Dg0002838 7D 473775324 AT3TTT 37T 993 7 330 36 352.01 9.66 i
AsSWEETI5a  AVESA.00001b.r3.3A¢0001391  3A 254550733 254 553467 1035 7 344 37854.59 6.35 i
ASsSWEETI5h  AVESA.00001b.r3.3Cg0001273  3C 259325509 259 328 024 909 7 302 33 394.57 8.66 TR
AsSWEET15c - AVESA.00001b.r3.3Dg0000957 3D 220269601 220272638 1032 7 343 37798.61 6.26 JiE
AsSWEETI6a  AVESA.00001b.r3.3A¢0000239  3A 24045633 24047 988 561 6 186 20707.76 6.54 Jii
ASsSWEETI6b  AVESA.00001b.r3.4Cg0003020  4C 576 813209 576 815663 324 3 107 11855.51 9.33 TR
ASSWEETI6c  AVESA.00001b.r3.5Ag0000724  5A 61476992 61479506 942 7 313 34 145.39 9.27 G
AsSWEETI6d  AVESA.00001b.r3.5Dg0000331 5D 33067060 33069 500 939 7 312 34018.23 9.18 Jii

AsSWEET16d & It & i ; % ff % 7E 13. 97 %~
20. 43% Z 18], (5 Lbfe e 1) & AsSWEET 16a; 3-%% ff)
Tk /N L 7E 0. 00% ~3. 23 % 18] , BV - B2 e 71 TG K
W il 2 AsSSWEETs 2 113 5 45 #4119 32 2244 1ot
. AsSSWEET 2 1 =S &5 A5, 1L = 4k 25 )
S My BA 7 A, i ASSWEET1a/1b/1¢/1d/
le, AsSSWEET2c/2d, AsSWEET3b/3c, UL & AsS-
WEET4/5, AsSWEET11a/11b, AsSWEET13g/
13i, AsSSWEET15a/15b/15¢, AsSWEET16¢/16d.

e H I EMIBL, HiAy ASSWEETs 2 A i = 44451
AR H 2 S B KAE D,
2.3 HEASWEETEREBR RN ES S EWM
T

R A1 7 A2 KL DR A T R SO, 43 B AsSSWEET J:
[RTE G G 4 1 i 20 A (8 2) , 153 37 4> AsSSWEET
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Table 3 Predicted secondary structure analysis of oat ASSWEET protein

% H 4 Protein name a-B2JiE ahelix B-# £ Bturn FiEfif1 3% Extended strand JEHLI 4 it Random coil
AsSWEET la 48.88 2.24 18.66 30.22
AsSWEET1b 41.13 2.26 18.11 38.49
AsSWEET1c 44.53 2.26 18.87 34.34
AsSWEET1d 38.95 2.25 17.98 40.82
AsSWEET 1e 40.91 2.27 18.56 38.26
AsSWEET2a 43.64 2.06 16.84 37.46
AsSWEET2b 45.62 1.46 16.42 36.50
AsSWEET2¢ 43.02 2.33 20.16 34.50
AsSWEET2d 42.47 2.32 19.69 35.52
AsSWEET2e 41.09 2.33 18.60 37.98
AsSWEET 3a 44.76 0.00 15.38 39.86
AsSWEET3b 43.89 3.05 18.32 34.73
AsSWEET 3¢ 47.71 2.29 16.79 33.21
AsSWEET4 45.40 1.90 14.92 37.78
AsSWEETS 48.89 2.86 13.97 34.29

AsSWEET]11a 43.15 2.05 16.10 38.70
AsSWEET11b 44.86 2.05 17.12 35.96
AsSWEET11c 41.55 2.03 16.55 39.86
AsSWEET11d 40.48 2.04 17.01 40.48
AsSWEET1l1e 41.02 2.37 17.63 38.98
AsSWEETI12 37.10 1.29 16.13 45.48
AsSWEET13a 35.81 1.35 16.55 46.28
AsSWEET13b 37.25 2.01 17.79 42.95
AsSWEET13c 46.77 2.28 16.73 34.22
AsSWEET13d 38.89 1.17 15.50 44.44
AsSWEET13e 35.81 1.35 16.22 46.62
AsSWEET13f 38.98 2.03 16.95 42.03
AsSWEET13¢g 38.48 2.12 14.85 44.55
AsSWEET13h 40.54 2.03 16.89 40.54
AsSWEET13i 40.00 1.82 14.85 43.33
AsSWEET15a 39.83 1.74 14.24 44.19
AsSWEET15b 37.75 1.99 15.89 44.37
AsSWEET15¢ 43.44 1.75 16.33 38.48
AsSWEET16a 48.39 3.23 20.43 27.96
AsSWEET16b 57.94 0.00 15.89 26.17
AsSWEET16¢ 38.66 1.92 15.34 44.09
AsSWEET16d 33.65 1.92 15.06 49.36
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Fig.1 Prediction of tertiary structure of oat AsSSWEET protein
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Fig.3 Development tree, conserved motifs, and gene structure analysis of oat AsSWEET genes
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Fig. 10 Differential expression of AsSSWEET genes in oats under drought, salt and alkaline stresses
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