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HRE SR SRR, SWEET 3L F 2010 4F 1
AERLEE I Hh R A RS S AE Z R Y rh 15 48
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annuum )" 55, CYREY) AR EE TR T 5 S
SRR a R, HAERK AT RS2 E
SR, ZER CsLHY HAT 5 s N+ i VEH,
454 CsSWEETI7 WA 3h+ 1E [ PR 42 254 1 1 9€
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5745123
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o DAL A P AR A A 3k L BEREFTAR T A
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BR R RHE T SR EREE R WA AR ML AT 5T, T
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RERF ST IR AR WLARIE o DR IL, AN 93 78 32 I 4L 7K
X DeSWEET 3 PR 5 i 53t A7 %, Rl A=
Y B 27 0 DeSWEET 3N RS R BR . A4
SPRET . SRR L A TR AT SR A
Mo FFH 28 S 85005 e v 19 7 S Al Bl o i T
DcSWEET H:RTE T 538 T B A xR A 7K, IF
I RT-qPCR HEAT U0 IE . BF 5T 25 vl Ak je o
FRHI 53 T B R RN ok B A fn) R e i
ZHERAES

1 HR5HE

1.1 #EAH SWEET ERELTEMRELXE N
M NCBI GenBank %4} P T 24k Kz A it 356 R 20
P (PRINA262478)2% . M\ Pfam K4 % (http:/
pfam.xfam.org/, v35.0)4F if] MtN3/saliva %5 14 3§
(PF03083) iy /R A A 4, ] | Hmmersearch
TR, (R E<1x10"° (Y741, il Bio-linux

bioinformatics documentation system £rif] D. catena-

tum B A EE I, #1253k 15 DeSWEET £ 8 H .
i J5 , #&38 & SMART (http:/smart.embl.de/smart/
batch.pl) Al NCBI 4% /% (https://www.ncbi.nlm.nih.
gov/) i) CDD 7E4k T HARHAE A HA MtN3/saliva
A1 PQ-loop £ 57 &5 #1627, ffi | ExPASy(https:/
www.expasy.org/) 73 #T DeSWEET %5 [ f) & J& iR
. oy F B, B plo fff 1] PSORT T-H- il
DcSWEET 4 [ 1% W 2 i 2 £ .

{fi FH Clustalw v2.0 72 ¥ X L f5 I+ (Arabidopsis
thaliana) . JX¥E( Oryza sativa) I RS A1 1 SWEET
EHFI AT 2 EIFH X, B 25 R 5 A
MEGA v11, R RASR a4 SWEET
EHMRGE KB W, FHTEZL M Evolview(https://
evolgenius.info/evolview-v2) 31k .

1.2 DcSWEET ERRTERF. EREHWFED
FiRX1ERATHS T K/ TBtools LA &z MEME
1E 28 T. H: (http://meme-suite.org/tools/meme ) 53 HT1
27 /)~ DeSWEET & 1 /37 8 i - < 2 )% . FIH
TBtools ZX 425 NER Bz A1 ARt HE R 4H off R SCFHp
P& DcSWEET 52K 2544 S04, $& M0 DcSWEET 4%
R IG# T (ATG) LiF 2000 bp J75I4E R i

T F 4, 3 F H PlantCARE 43 #7 I = /F FH oC
4 . F FH TBtools %t 27 > DeSWEET {557 3 ¢ |
SER 25 AT T A T T AR 73BT

1.3 EFERALIEN DcSWEET ERFIRFER
BT SRA H4 4 P 9 RNA-seq $04 (SRP132541)
ST SR8 DeSWEET 35 IR 3 3k B X

R 5 AN W] B K i (0, 10% ~ 15% F
30% ~ 35%) T [ 3L [F 3% 3k &, MR P JE ] ID i i
DcSWEET 5 K 1) 2R 35 B4l , I TPM B 1) 2
TBtools # & . R #E RNA-seq 204 19 TPM {i, fifi
JH Origin 2022b ¥ 53 Ht DeSWEET A 3 3% 3k
KR MR OC R EL, 1 Cytoscape v3.8.1 i#F4T
ILRIK ML T, LSO SEN . FH T AE G
SIHTIEEE R 4 R B HME.

14 SERZENEFEE PCR A S0 268 E &
PCR(RT-qPCR)#Z A 43 Hr i i T 5 il 380 149 % .0
DcSWEET J: A ) 3Rk B o DA SE o % R A7 1Y
20% PEG8000(Jiz 43450 T 58 T~ 1Y cDNA 2y
FERRC, 347 DeSWEET 32N 7E T 5408 3. 6. 9,
12, 24, 48 h JG M EER IR L. 51053 1
B, 519w A TAY TR BRIOARA RS
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A% . f#i F§ ChamQ Universal SYBR qPCR Master
Mix i 7 Citr ME A= W BH R A BR A A, B ) AT
PCR #"} . RT-qPCR ¥ 55144 H: 95 °C W1 4f A%
P£ 5 min; 95 °C 281 30 sec, 60 °C B K FEfH 45 s,

40 MIEI . G IFEHOEE 5 95 C 155, 60°C
155,95 C 15 s, HEATIEMEINZe b7 . LI E
3WAEYFEL . VAR Actin SERE RN S
FEPH, SR 2722 Ty e 3 DR A R P,

F1 KRB LATEAEESE PCR 5| F7!

Tab. 1 Primer sequences of quantitative real time PCR in this experiment

JEHID G191 (5—3") NG (5—3")

Gene ID Forward primers (5—3") Reversed primers (5'—3’)
DcSWEET! TGGTGAAGACAAAAAGTGTGGAG AGAGCACTCCCACAACCATTT
DcSWEET2 GTCTTCCCTACTTGTATTCCCTTCT CATTCCACACATTTTGAGTTTCTTA
DcSWEET4 ATTTCTCTCTCTTGCTTCCTTCTTT CGATCTCTGTGGTCTTTTTACGT
DcSWEETS TGGAGAAAGAAGGCAGTAGAACA GATAAGCACCCTCAAGCACAATA
DcSWEET7 CGGTGGGTCATAGTCACGAGA GCATACGCCATTCAGAAAGCT
DcSWEETY CCGAATGTATTGGGTTTCCTGT ATCTTATCTTTCACCTGGTTTGTCC
DcSWEETI 1 GGTGATGGGATCTTTGTGTGC CTCTCTATGTCTGTTTCCTTGGCT
DcSWEETI2 GCCCCAAAGAAGGTCAAGATAC GCGAAGACGCAAACAGAGAAG
DcSWEETI3 TAGGATTCACATTTGGGGCG TCATACAGGGCTCATCTCATTTTTA
DcSWEETI14 ATCATGTATCTCCTCTATGCCCCT AGAAAGCAACGCAAATCCAAC
DcSWEET15 GTGTTACCTTCTCTGTGAGCGTCT GAGTCCGCAAGTATTATTTCAGTCA
DcSWEETI16 ACTGCCGAATGCTAAACCAAC AACTCATCTCCAGCCGAAAAA
DcSWEETI17 GGATTTGGAGCATCTACTCTGTG CTCTCTATGTCTGTTTCCTTGGC
DcSWEETIS GTGTCGCCAATACCAACTTTTAGA CCAAAAATACACCATAGGAGACACA
DcSWEET21 GTGTCGCCAATACCAACTTTTAGA CCAAAAATACACCATAGGAGACACA
DcSWEET26 ACTTCTCATCACAGACATCACCTTC CACACTCTTTGTTCTTATCACCCTT
DcSWEET27 TTGTGTTGGATTCTGGTGATGGTGT TTTCCCGTTCTGCTGTTGTTGTGAA
DcActin TTGTGTTGGATTCTGGTGATGGTGT TTTCCCGTTCTGCTGTTGTTGTGAA

2 ZERE545H DcSWEET11 % ith 24 2 12 £z 22, DeSWEET3 43 F

2.1 % FEFAH DSSWEET EERELEEMIEL
PRSI AT b R B A ke 3 M5 3] 27
A~ DeSWEET 3£ IH, #3355 DeSWEET a5t 57K
FE AR T SWEET Y R, 4 Har 4 H
DcSWEET! ~ DcSWEET27, DeSWEET % [H 4
i 1 2 2 5 R 50N 201(DeSWEETS) ~ 296
(DeSWEET11), 43+ it Ay 22.44(DcSWEETS) ~
33.11(DcSWEET11)kDa, ¥ i %5 Hi s pl N 8.47
(DcSWEET25) ~9.91(DcSWEET16) . DcSWEETS
EHmWEAERE D, AT RER/NNEA,

Bt K. 27 > DeSWEET 75 [ i 25 /i S 50878 7
DL bo S 40 o7 T3 1) 24 4~ (89% ) DcSWEET
A EN TN F, 3 4~ (11%)DeSWEET 2
FIE RSk 1 (3R 2) .

2.2 DcSWEET EHMIRGEZBHT  FIHPE
A fEh(De) . UFE FF (At) FIK A (Os) ) SWEET %
R TSI R G R B W (K 1), A U
T MK FE R SWEET 2 (3Rl 430 4 W41 .
R R A AR SR 5 A DU A I 2 R A R B3 A3 ) R
5. 13, 6 F1 3, B o LA 4300 o 19%(Clade 1),
48%(Clade 11). 22%(Clade N)FI 11%(Clade
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Tab. 2 Physiochemical properties of D. catenatum SWEET proteins

EHHA (DAL KE A FBif/kDa  SFHLN VA B 2 A7 #H
Protein Name Locus Length MW pl Subcellular localization ~ Group
DcSWEET1I  NW_021319548.1: 92365...96183 211 23.20 8.95 plasma membrane I
DcSWEET2  NW_021320155.1: 178296..180115 237 26.62 8.87 plasma membrane I
DcSWEET3  NW_021319455.1: 1525477..1538903 277 30.99 9.25 plasma membrane I
DcSWEET4  NW_021319579.1: 2296589..2300708 248 27.45 9.63 plasma membrane I
DcSWEET5 ~ NW_021320057.1: 1532934..1534265 201 22.44 9.34 plasma membrane I
DcSWEET6  NW_021318787.1: 354097..355486 235 26.27 9.03 plasma membrane II
DcSWEET7  NW_021318787.1: 348952..350461 236 26.37 9.14 plasma membrane II
DcSWEET8  NW_021320141.1: 81668..104479 283 31.65 9.39 plasma membrane I
DcSWEET9  NW_021319221.1: 10426..13058 262 29.22 9.49 plasma membrane I
DcSWEETI10 NW_021319083.1: 1983587..1985446 271 30.50 9.25 plasma membrane |
DcSWEET11 NW_021415225.1: 997761..1000664 296 33.11 9.52 chloroplast \Y
DcSWEETI12 NW_021319195.1: 493114..496184 266 29.94 8.87 plasma membrane m
DcSWEET13 NW_021318711.1: 2482437..2484846 265 29.55 9.27 plasma membrane I
DcSWEET14 NW_021318711.1: 2495228..2496861 265 29.63 9.00 plasma membrane |
DcSWEET15 NW_021319091.1: 54815..57648 249 27.59 9.13 plasma membrane m
DcSWEET16 NW_021415225.1: 997761..1000664 254 28.71 9.91 chloroplast I\
DcSWEET17 NW_021415225.1: 997761..1000664 283 31.54 9.50 chloroplast v
DcSWEET18 NW_021320019.1: 9075754..9077812 237 26.58 8.99 plasma membrane I
DcSWEET19 NW_021320141.1: 137711..138871 259 28.92 8.99 plasma membrane II
DcSWEET20 NW_021320141.1: 73730..79633 285 32.00 9.24 plasma membrane I
DcSWEET21 NW_021320019.1: 9075754..9077812 223 25.50 9.30 plasma membrane I
DcSWEET22 NW_021319959.1: 1593464..1596798 237 26.78 9.18 plasma membrane II
DcSWEET23 NW_021594465.1: 9716..14348 237 26.51 8.92 plasma membrane II
DcSWEET24 NW_021320141.1: 124587..125761 259 28.72 9.11 plasma membrane I
DcSWEET25 NW_021320141.1: 170130..171297 259 28.93 8.47 plasma membrane I
DcSWEET26 NW_021319959.1: 1778270..1781665 237 26.59 9.32 plasma membrane II
DcSWEET27 NW_021319959.1: 1514664..1518903 295 33.08 8.53 plasma membrane II

V). MiilFEIF AtSWEET ZER G AE 4 4
M 53R 3 4~ (18%) . 5 41~(29%) . 7 41~ (41%)
124 (12%), /K F§ OsSWEET % Ji% i 52 43 5 M
6 1~(29%). 9 1~ (43%) . 54~ (24%)F1 1 1~ (4%) .
LB H, AR T SWETT 3 K78 A 6] 37 41
) oA HA AR

2.3 DcSWEET ERRTEFMEESEHS

LU 1R 3] 20 P (K] 2), DeSWEET 2 H L
FRE A S AR AL S motif 1, 2. 3. 4, FH X LA
J¥ 1€ DcSWEET %% i fR ih 2 & BE RSP o BR T
DcSWEETS5 #l DeSWEET16 #b, DeSWEET J, it #5
& motif 4, X 21 DcSWEETS #1 DcSWEET16
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Clade I

B 1 BETF kBEN%EAR SWEET EENRZ LB SN
Fig. 1 Phylogenetic analyses of SWEET proteins from D. catenatum, A. thaliana and O. sativa
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Fig.2 Motifs, structures and phylogenetic relationships of DcSWEET family members
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DcSWEET 3R JA 8 kil 212 5 1T 215 50
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FER S 5 X AR A Y8 (A R

25 DcSWEETEEZETEE THRIZERX
FIF SRA %4t % i) RNA-seq 5t (SRP132541),
TEE 17 4 DeSWEET 31K 2 5 i i 1 5 k38
(] 4-A) o HRHJEFE R Foak i AR S5 A, D

DcSWEETS —— 9 90 ®
DcSWEET24 O—O0—0 o—
DcSWEET19 —0—0— 08 o8 s> O me
DcSWEET25 — O 0— 00— 06000
DcSWEET20 -0—0—8900—0 80—0 ® - o0—0—0—»8
DcSWEET27 00 o—0—0— 00—
DcSWEET22 0—o0-0—0-o ® 000—00
DcSWEET26 -0 000 o—e SP—

— DcSWEET4 —0—0-00—0—0-0-06—009 o

(\/ y Y y Y Y % y Y

DcSWEETS
DcSWEET7
DcSWEETI1
DcSWEETI16

] DcSWEET15 HH—0—0 & O—O0—
DcSWEET9 —0-0 v, & Oo——0—0—0—0—
DcSWEET12 —80-0—0 O—O0—0—80—m
DcSWEETI0 HO—_ O-0-0—0-00 v, O
DcSWEETI3 —O—1e——80—06-0—0—0
DcSWEET14 — 00— 900600 oo
DcSWEETI 4-6—0—60—0—0—080—08-00-0 0—0
DcSWEET3 O—0——0 & v, O—
DcSWEET2 H—10 & O—0-
DcSWEETIS8 O—O00 O
DcSWEET21 00— 0—m——0—0—

5" 1 1 1 1 1 1 1 1 1 13!
0 200 400 600 800 1000 1200 1400 1600 1800 2000

25 B R AR OC

cis-acting element involved in the abscisic acid responsiveness
KR I (A e

cis-acting element involved in salicylic acid responsiveness
FREEZR S A T

cis-acting element involved in gibberellin-responsiveness

2 5Mel AR IR TL
A KRR

auxin-responsive element

IREE R NTT

cis-acting element involved in gibberellin-responsiveness

Z 5B A RO

cis-acting regulatory element involved in circadian contro
IR T2 A0 TR e R

cis-acting regulatory element involved in seed-specific regulation
553 LRSS M2 T

cis-acting regulatory element related to meristem expression

FORIE AR R R O

NENRN NNy

cis-acting regulatory element involved in the MeJA-responsiveness

2 ST R AT P T
cis-acting element involved in low-temperature responsiveness
L il A e P
cis-acting element involved in defense and stress responsiveness
MYB&S & HLE S5 T RS
MYB binding site involved in drought-inducibility
R P AR S AR DT R

element involved in differentiation of the palisade mesophyll cells
J— S T
part of a light responsive element
P 5 R R T T
cis-acting regulatory element involved in light responsiveness
AR TE Y — R4y

part of a light responsive element

cis-acting regulatory element involved in zein metabolism regulation

B3 DcSWEET EEEzFXEMIRRERTHS T

Fig. 3 Analysis of cis-elements in the DcSWEET gene promoter regions
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Identification and expression pattern analysis of SWEET
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Abstract: The sugar transporter SWEET (Sugars Will Eventually be Exported Transporter) plays a crucial role in plant responses
to both biotic and abiotic stresses. To elucidate the function of the SWEET gene family in Dendrobium catenatum, 27 DcSWEET
genes were identified and characterized from D. catenatum by using whole-genome data, and their expression patterns under
drought stress were analyzed. The molecular weight of the DcSWEET proteins were found to range from 22.44 to 39.10 kDa, with
heir isoelectric points being between 8.47 and 9.63. Phylogenetic analysis revealed that the DcSWEET proteins could be classified
into four subgroups, each characterized by conserved motif compositions and gene structures. Cis-acting element analysis
indicated that the promoters of DcSWEET genes contain various elements associated with hormone signaling, plant growth and
development, light responsiveness, and stress response. RNA-seq analysis demonstrated that 17 DcSWEET genes were up-
regulated under drought stress. Coexpression network analysis suggested that DcSWEET4, DcSWEETII, DcSWEETIS3,
DcSWEETIS, and DcSWEET27 may play pivotal roles in response to drought stress in D. catenatum. RT-qPCR confirmed that
DcSWEETI1, DcSWEETI3, and DcSWEETIS were significantly up-regulated in stems and leaves under drought conditions,
making them potential candidate genes for enhancing drought tolerance in D. catenatum. This study provides a comprehensive
analysis of key SWEET genes involved in drought stress responses in D. catenatum, offering a molecular foundation for future
efforts to improve its drought resistance.

Keywords: Dendrobium catenatum; SWEET gene family; drought stress; expression pattern
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