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WYL GT1 %k A dlvp 8 ANBEILEE R
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Lag.maew. TR G KFE.ZED .24
ORI 2% 5 20 TR LR DK 252059)

R WK 2545 B8 (Glycosyltransferase, GT) A& — £ T KSR D TS MG BE X . TR T2 HRHTF
BREE RERFED T, ARTELEREBEARGARE XX, qQRT-PCR 40 GT1 £#% A
AF SA A HARNEFREKRARFEO AR ELARF, ERAN.TAMAELAEHSBLR
MAUGTI91AJ1, MdUGT91A]3. MdUGT91AJ4. MAUGT91A]5. MdUGT91AJ6. MAUGTIIA]7 #=
MAUGTIIC7 2 R BV LLR3IRAL P A KL, 28D . mMMAUGTIIA]2 254K, AT R FAERMEL
ARG, VAR R B35 (Malus domestica Gala ) cDNA A AW R T % T X 8 ANE B, 0 7 4 H 1% 4
B R F A BAR pGEX-2T ¥, % Fa bk & 20 7 45 4540 B K M 47 (Escherichia coli )BL-21 ¥, 2idi 544+
Wk EIARE LA B0 T HF F 540 F : MAUGTI91AJ1.MdUGT91AJ2 . MdUGT91AJ3 %4 20 °C,
1.0 mmol <L ' IPTG #%,3% % 16 h; MdUGT91AJ4 . MdUGT91AJ5 . MdUGT91AJ6 . MdUGTI1AJ7 # 16
°C,0.5 mmol *L " IPTG # %, 37~ 24 h; 4 A #4585 MdUGT91C7 # 20 °C.0. 75 mmol *L ' IPTG # .
24 h, BRZORBERAMNT GT1 Rk A 28F 8 Mg A A58 K R £ ¥ R AR B SR42 a9 3L B Ak K
FLORIMET LR RSB, ZFFAEAGERT T CNOEE G, AT —F 88800 K845 4k
Bow w7 A,
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Cloning and Protein Expression of 8 Glycosyltransferase
Genes in Group A of the Apple GT1 Family
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Abstract  Glycosyltransferases (GT) are a class of enzymes that can glycosylated small molecule com-

pounds, altering the biological functions of receptor molecules such as water solubility and stress resist-
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ance. To investigate the tissue expression pattern of candidate glycosyltransferase genes, qRT-PCR was
used to detect the gene expression levels of 8 glycosyltransferase genes in the GT1 family group A in dif-
ferent parts of apple plants. The results revealed that 7 glycosyltransferase genes, MdUGT91AJI,
MdUGTI91A]3 . MdUGT91AJ4, MdUGT91AJ5, MdUGTI91AJ6, MdUGT91A]7 and MdUGT91C7 were
expressed in different tissue sites with small variations, while MdUGT91A]J2 varied greatly. In order to
heterologously express the proteins of candidate glycosyltransferases, these 8 genes were successfully
cloned using apple ‘Gala” (Malus domestica GGala ) cDNA as template, which were ligated into the prokary-
otic expression vector pGEX-2T respectively, and the positive recombinant plasmids were transformed into
E. coli (Escherichia coli ) BL-21. After exploring the induction conditions, it was found that the optimal
induction conditions for different glycosyltransferases are as follows: MdUGT91AJ1, MdUGT91A]2,
MdUGT91AJ3 are at 20 °C, induced with 1.0 mmol *L. ' IPTG, and cultured for 16 h; MdUGT91AJ4,
MdUGT91AJ5, MAdUGT91AJ6, MdUGT91AJ7 were induced at 16 °C with 0. 5 mmol *L."" IPTG and cul-
tured for 24 h; MdUGT91C7 was induced at 20 “C with 0. 75 mmol *L. ' IPTG and cultured for 24 h. In
conclusion, this study detected the gene expression levels of 8 glycosyltransferase genes in group A of GT1
family in different parts of apple plants, successfully constructed their prokaryotic expression vectors, and
obtained their enzyme proteins after induced purification, which lays the foundation for the next step of
glycosylation modification function identification of glycosyltransferases.

Key words apple; glycosyltransferase; gene cloning ; protein expression
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— L6 B AR PR /Ny NSRRI AR )6 A S R A e X I RO i R
I B B L 56 #4 B (Glycosyltransferase, GTases) 582 . #F5T & B0, B 3L AR A& M % A= e i K AL &
Yy B B IR R AR A= AR T LR AT B R L A A RS M AR W TR R A
AR E AR FHAE . BeAbh A A (0 BT AT A A B (R A L & 75 IR I8 ) AR 2 28 6 B 0
VRIS AR A A P IR BB R T GT 3% T2 O- N- S C-GT, AR 3 3 S
1 RE R IR R R A 3 19 1 A X B (2202 NDP-FOBE R NDP-CUBE) » 250 (B i) 4 5% 3 X0 1 7= 4 i A 3
GEA AR, R4 Carbohydrate-Active enZYmes Database (CAZy %04 %, http: //www. cazy.
org/) sGTs ML T — B G ARYE T [R]— P L <7 35 A FORE 5 0 S AR fb 2 240 110 A5 . (i
PRERME  7E CAZy BAREH 1) 110 4 GT Kk, GT1 ZKIG W RHE AR i 22, 1IX FEIE R EA T
ZAT MR/ NS T BAT BB AOBEIAERE T . MW GT1 B A e s A R B ELA AR 3 v A R4 T i
KR QIS E ] R BE T 5 S Ak B RIS [ e, DA T 80 1o B Ak W R T S e A AR i 1 L O
THEYME s E R . BIE R IR, B T A SRS M B R 0 GT1 RIKEEE T A58 R .
T GT1 FIGEERE L B ) F B X GT1 G0 A A0 s e S D fig S e (TSR HAT s 2 2

A IFIR ZR G R T AR T RN 7 SR ) S YRR 1B S B 1B T A 2R L 2 A
. BRI RGBS AN R R LS R L R B A B S A AN S
R RN E AR TRAEZ -, REENAMNZ —EKHFF# (Escherichia coli) BRI ZHT
oM 2] DNA, FERf S FH T/ SRR AR . A 805 RGA UG s S i e 5 SR R
PR TR KT e R A

pGEX-2T M — i FH I S A R R A AR 22 s B i XIS A 24 T B N VTG 2751
T ARFFEH A 5ERE s BRI H & A tac BT GST W21, e — M 8 i 8 1 2R 3R . ABkSE
J T alifl GT1 ZKiE A dhrh 8 MWL R B 1, LA 47 322 cDNA AR il s b 1 X 8 AL
AR I, A T 2 3 e A% Rk 2k pGEX-2T o, B PCR BTSSRI » 7553 3 PHS BH A H 41 ks
FEALBNRIAHF BL-21, 5 IR A3 AU S AL B AR 11 4 I B2 2 e B A% Tl 1) JIC ) 26 0 B Al
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L1 HiPbre

HARTE GT1 0% A 2 8 ASKHILEL R e 0 RS [A] 4L 8L 8 238 15 B0 K L 2 48 I i T b A2 15 34 ol
A K BIFAY 10 R4 TR SERBT (Malus X domestica Borkh. ) AR (25 0 A6 R SEAIFD 3047 BT, R
FEJE AR B R — 80 COMFA ] . AWISE A R RS IR Ay e AP RHRAS S50 28 R A7 Y * BR3P 7 8
FH . SERLETE MS(Murashige and Skoog) 85 3# 2 81 5%, 2 i i 5 4 i B AR 2R & (JE L 0
B 41 DEFRERPET 24 °C.16 hOLI/8 h MEFIE IR,
L2 Jiik
1.2.1 RNARRLE DNA R#F, B0, 1 g IEW IR 4 JR R 32 R4 i sl — 80 °C kAR i IR A7 HY A
[AISE SR, B0 B TE A BIPBR R T 7E W P LTS SO R . SZRIAAC 1. 0 mL TRIzol Giit 5 LM-527,
VI AR TR BRAED , #e U B 9 75 1 20 25 8 RNA, IR0 R %% 5300 &5 PrimeScript™ RT rea-
gent Kit(#it'5 RRO37Q, K F A W) THREAT BRA 7D S il cDNAL -AF T — 20 °C L, TIRZ8E 9
## PCR (Quantitative Real-time PCR, qRT-PCR) flJfi#% iR IK pGEX-2T fy#t,
L2.2 SaRHEEE PCR, FATIHT T B 0000 £t » K SRR S R B 215 1 A 2R 8 bk
BB RES S T = RBR R A A R L. A TR HAE HIALE] FATHLE NCBI oy 5L K L
PaPER A GTL 5800 A i) 8 AL BEEE A R T4 [ Primer Express 3. 0 gRT-PCR # (3£ 1
Wt S BB B i I MAUGT91AJ 1 (MD02(G:1083600) . MdUGT91AJ 2 ( MD02G1084000) |
MAUGT91AJ 3 (MD15G1211400 ), MdUGT91AJ4 (MD10G1101200 ), MdUGT91AJ5 (MDO02(:1083100 ),
MdUGT91AJ 6 (MD02G1083300) MdUGT91AJ 7 (MD02G1083800) #1 MdUGT 91C7 (MD08G1200700)
(1) qRT-PCR 514

R1 SNMERBEEEBEEER (RT-PCR 5|4
Tab. 1 qRT-PCR primers for the 8 apple glycosyltransferase genes

2R Bl )]l it

F: GCTCAAAAGGGTCACCAAATC

GMAUGTIIAJ1 qRT-PCR
R: GGTAGCTCGGAACTCGGC
F. TAGCATTGCAAAGGTGGGGTG

GMdUGTI1AJ2 qRT-PCR
R: CGATGAGCGGGGAAAAGGAG
F: ATGCACGAAAAGCAGGTTGG

GMdUGTI1AJ3 qRT-PCR
R: CCCGTACTAACTCGCCCTCT
F: CGAAAAGCAGGTTGGGTTGG

GMAUGT91A]4 qRT-PCR
R: TTTGCCCGTACTAACTCGCC
F: TCGCGGGTTCGATTCAAGAT

GMAUGTI1AJS qRT-PCR
R.CATGCTGATGTGGTGCTGAG

)

: TGGCTCGAAAGTAAAGAAACCG
gMdUGTI1AJ6 gRT-PCR

R: CCCAAATAAAGGGCAACCCG
F: GGTTGGGGGTTTCCTTACCC
gMdUGT91A]7 qRT-PCR
R: CTCCAACCCAACCCGCTTAT
F: CTATGCCCCTCACTGGCTTC
gMdUGTI1C7 qRT-PCR

R: GGACCGAGGTAGGCCAGG

F: CGTGGTGGTTTTTAAG
qgMdUBQ gRT-PCR
R: GCAGAAACAGTACCAT

F: ATGGAGAGCAAAGATCAG
cMAdUGT91A]1 SR IR
R: GTCATTGACTAGGTGGAATT
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(Z)FR 1 SAMERBEERBEERM (RT-PCR 514
Tab. 1 qRT-PCR primers for the 8 apple glycosyltransferase genes

FER A4 FR EEYedl Uik

F: ATGGAGAGCAAAGATCAG

cMAUGT91AJ2 SR IEHY
R: TTAGGTTGAAGTGGGCC
F: ATGGAGCGCAAAGATGAG

cMdUGT91AJ3 ERKERY 1Y
R: TTAAGTTGAAGCGGGCCAAG
F: ATGGAGCGCAAAGATGAG

cMdUGT91A]4 ERKENY 1Y
R: TTAAGTTGAAGCGGGCC
F: ATGCCATTTCTGGAGGTC

cMAUGT91AJ5 SRR 1
R: TTATTTGGGCCAGGTTTC
F: ATGGAGAGCAAAGATCAG

cMdUGT91AJ6 ERIEEEY 1Y
R: TTATTTGGGCCAGGTTTC
F. ATGGAAAGCAAAGATCAG

cMAUGT91A]7 SR IEH Y1
R: CTAGGAGGAAGTGGGCC
F: ATGGACAACCAGAACACTC

eMdUGT91C7 SR IR
R: TTATTCTGGACACCTCG

PL 80 ng cDNA A . i F 2 X Luminaris Color Probe Low ROX qPCR Master Mix(#t5 K0951, %%
R R B A BR A FED F1 20X TagMan J PRI AR50 & (k55 4440888, FEBR CHERBHEARA D ,
L 20 pl B EARFAE 1Q5 gRT-PCR £ 48 (B3 BIO-RAD 1Q5, I ifE W 4E WIRHE A FR A 7D F kAT oRT-
PCR, PCR £ :94 ‘CHUAETE 10 min; 94 ‘CAEPE 15 5,56 ‘CiB K 15 5,40 NMEFR, FEH 72 °C 2 min; R
2 T AT
1.2.3 AR AEL R EKEAR pGEX-2T ¥, {#H Primer Express 3. 0 THIT T 8 AMMHILAL R i I
PRl BE RS X 2 K 5 [ (R DL DOER 53R 4 TR0 &R SER YT cDNA SR, >k HI#6 B PCR Y
(85 BIO-RAD T100, i 3ERFAEMIRH A A RD £ T 2K B Y1 . DreamTaqTM DNA A& F Git 5
K1071, P88 RH/RBHEA A FD . PCR )7 W1ERAEM: 94 °C 2 min; 280 94 °C 1 min;iR 2k 58 °C 1 min;
36 MIEFR; e J5 ZE(H 72 °C 5 min; PR HE 4 CIRAE .

H LR PCR 473G 7™ ) 388 2k 3 B 58 e v VK 26 47 0 5, BHPE 3 7 B ok B B b 6 e 17 & it

DP209—02, b5t RARARHEA A SD Zifb mli . B =% 258 ] 24k pEASYBlunt Zero(Jb it 22X 4
HEYIFEARA R AR, B9 PCR BGUES e 1 FHM: s b, 26 28 1A TAE AR A R " ATy
100 %0 1EAff - FRIAFE R e B R 2 (3 S . BRI A U1 10 se ke | Br S 24k i pGEX-2T #iiRiE#, ik 2
KIGFFRIERZ S il Amp ™ HUERiLE , PCR ¥ 3 -5 WURG VI 50 0F 5 , 00 2 PHPE AL B V% . 8 A3 X A il )
PN : MdUGT91AJ1, Sacl/HindIIl; MAUGT91AJ2, Sacl/HindIIll; MdUGT91AJ3, EcoRI/Bam-
HI; MdUGT91AJ4, EcoRl/BamHI; MdUGT91AJ5, Sacl/HindIll; MdUGT91AJ6, Sacl/HindIIl;
MAUGT91AJ7, EcoRl/BamHI; MdUGT91C7, EcoRI/BamHI.
L2.4 XWAHE B & aFFRA, KRR LE] E. coli BL-21 H1, 25 2 mL &4 Amp”
PUAERM LB R Fe s, 37 CIRG IR . >4 ODyo, [HZIZH 0. 6 B 43 INA LR EE 0. 0,0. 25.,0. 5.0.
75.1.0.,1. 25 mmol <L~ ") IPTG, iR EBEHR 12.14.16,18.,20.22 “C, K5 FEHf [R5 H 12.16,20,24.,28.32 h,
HATIHE SRR 5., B 10 mL K. 4200 rpm B0 10 min, B4 FIF R FA M 1 mL 1 X PBS
(pH 7. ) ZZ wh i s, S RS 12 000 rpm B0 15 min, BUET FiEW . EAHE AR His-tag
# A 4i4kik57 & Tagged Protein Purification Kit(3tt'5 BYX8228C, ML T A= MR A R A 7D L 3 IRk
W alifh ., A5 R F Gl 2SO T UK 280 nm F# T BIE . AW 8 A HEEE
TR Tl 1Y) 24 LR 7 ) UL FL - RSO 1 SCPE A RERR ST
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1.3 Bdwgtil 55 br
BT A LA Excel 2019 K1 SPSS 21. 0 8K AF#EATALEAGET 34, DL B {E AR 227K
s P AE/INT 005 A G

207

LERUE Sy
S

I

MdUGT91AJ1  MdUGT91AJ2  MdAUGT91AJ3  MdJUGT91AJ4  MdAUGT91AJ5 MdAUGT91AJ6  MdAUGT91AJ7  MdJUGT91AJ7
sl =2 e e efE W R BREGE = R o= T
Bl 1 RT-PCR HTMAUGTYIAJ1 (MDO2G1083600), MdUGT91AJ2 (MD02G1084000), MdUGT9IAJ3 (MDI5GI211400), MdUGT9IAJ4
(MDI0G1101200), MdUGTY9IAJ5 (MD02G1083100), MAUGT91AJ6 (MD02G1083300), MdUGT91AJ7 (MD02G1083800),
MAUGTYIC7 (MDO0SG1200700 ) EREARRBLEBA mRNA FRixKE, iF: x P<<0.05, * * P<0.01, n=3,

Fig. 1 qRT-PCR analysis mRNA expression of the MAUGT91AJ 1 (MD02G1083600), MAUGT91AJ2 (MD02G1084000),
MAUGT91AJ 3 (MD15G1211400) , MAUGT91AJ4 (MD10G1101200), MdUGT91AJ5 (MD02G1083100) , MAUGT91AJ 6
(MD02G1083300) , MAUGT91AJ7 (MD02G1083800), MAUGT91C7 (MD08G1200700)
genes in different tissue locations, Note: * P<0.05, x * P<Z0,01, n=3.

M S1 S2 S3 S4 S5 S6 S7 S8

10 000

6000
3000

2000
1500
1000
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7 : M, Marker; S1, MAUGT91AJ1 PCR §14 (1368 bp) ;S2, MdUGT91AJ2 PCR §1# (1428 bp) ;S3, MAUGTI91AJ3 PCR §"1# (1410 bp);
S4,MdUGT91AJ4 PCR ##4 (1410 bp) ;S5, MdUGT91AJ5 PCR # 44 (1338 bp) ;6. MdUGTI1AJ6 PCR #"##4 (1362 bp) ;
S7,MdUGT91A]J7 PCR §"#4 (1410 bp) ; S8, MdUGT91C7 PCR ¥ 14 (1464 bp) .,

Note: M, Marker; S1, MdUGT91AJ1 PCR amplification (1368 bp); S2, MdUGT91AJ2 PCR amplification (1428 bp);

S3, MdUGT91AJ3 PCR amplification (1410 bp); S4, MdUGT91AJ4 PCR amplification (1410 bp);

S5. MdUGT91AJ5 PCR amplification (1338 bp); S6. MdUGT91AJ6 PCR amplification (1362 bp);

S7, MdUGTI91AJ7 PCR amplification (1410 bp); S8, MdUGT91C7 PCR amplification (1464 bp).

E 2 #EEBEEEMIUGTIIAII (MD02G1083600), MdAUGT91AJ2 (MD02G1084000), MdUGT91AJ3 (MDI15G1211400),
MdUGT91AJ4 (MD10G1101200), MdUGT91AJ5 (MD02G1083100), MdUGT91AJ6 ( MD02G1083300), MdUGT91AJ7
(MD02G1083800), MdUGT91C7 (MD08G1200700) PCR 31,

Fig. 2 PCR amplification of glycosyltransferase genes MdAUGT91AJ1 (MD02G1083600), MdUGT91AJ2 (MD02G1084000) ,
MAUGT91AJ3 (MD15G1211400) , MAUGT91AJ 4 (MD10G1101200), MAUGT91AJ5 (MD02G1083100), MAUGT91AJ 6
(MD02G1083300) , MdUGT91AJ7 (MD02G1083800), MdUGT91C7 (MD08G1200700).

2 ARSI

2.1 PPN i PCR 53 Br 8 ANBEAEFERBRIE DA In] AL 2V 3R A it A L B oL
H TR GTL Kk A 4 8 AHESLFL R B P Y 4 2R B, A5 i it qRT-PCR A 73X 8 Ik
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PRI S SRR R S ) 3505 407 ) 25 PR ik K . S5 SR AN 1 R o o 51 SR AR Bk 0 AN T) 38 407 A 32 2 % il 32 [
MAUGTI1AJ 1. MAUGT91AJ 3. MAUGT91AJ 4. MdAUGT91AJ 5. MdUGT91AJ 6. MAUGT91AJ 7 #
MAUGTIICT 53k, 27BN MBI MdUGT91A] 2 fE3E SRR AL 1) 2 187K F 25 538
R AERR R T RIB KT fie i JLUCHE B v s T BRI - Rk K AR, XS5 AEER L GT1 ZKik
A Y 7 ASBEILEE RS BEE R A A 9 AT BEAE AR IR A OEAVE T L SHBEA L, B L 56 AL Bl MAUGTO1AJ2 55
Tk .
2.2 yEPE GT1 Kk A 4l 8 M IEELFEREIE A

PIUIEH 555 4 J5 0 R SER L HT 1 cDNA BRI PCR §731 .43 8] GT1 Kk A 4l 8 M Hli L s
ML B K B 400 (B 2) . F DNA SR ot i) & 1nlik H A B B, 76 16 C 4 T, 5 m B gk ik
pEASYBlunt Zero i #, W J¥ 25 % 100% 1E . 2 BIA W5 8 AN Wl 3L 5% B il 3L I MdUGT91AT 1.
MAdUGT91AJ 2. MAUGT91AJ 3. MAUGT91AJ 4, MdUGT91AJ 5, MdUGT96AJ 1. MdUGT91AJ 7 #l
MAUGT91C7 FEREsI

(a) M Sl ) S3 S4 S5 S6 s7 S8
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B 3 EEEBHEERMIUGIIIAJI (MD02G1083600), MdUGTI1AJ2 (MD02G1084000), MdUGT91AJ3 (MDI5G1211400),
MAUGT91AJ4 (MD10G1101200), MdUGT91AJ5 (MD02G1083100), MdUGT91AJ6 (MD02G1083300), MdUGT91AJ7
(MD02G1083800), MAUGT91C7 (MD08G1200700) [R 1% 3R 1EFHAEHE (a) M, Marker;S1-S8, MAUGT91AJ1(1368 bp) .

MAUGT91AJ2 (1428 bp) .MdUGT91AJ3 (1410 bp) .MdUGT91AJ4(1410 bp) .MdUGT91AJ5 (1338 bp) .MdUGT91AJ6
(1362 bp) \MdAUGT91AJ7 (1410 bp) MdUGT91C7 (1464 bp) k)% & & PCR IEIEFAMESERE; (b) M, Marker;S1-S8,
4 MAUGT91AJ1 . MdUGT91AJ2 MdUGT91AJ3 . MdUGT91AJ4 MdUGT91AJ5 MdUGT91AJ6
MdUGT91AJ7 . MdUGT91C7 F E: B9 pGEX-2T BRI BL i e WEE I 36 1E o
Fig. 3 Construction of prokaryotic expression vectors for glycosyltransferase genes MAUGT91AJ1 (MD02G1083600), MdUGT91A.J2
(MD02G1084000), MdUGT91AJ3 (MD15G1211400), MdUGT91AJ4 (MD10G1101200), MdUGT91AJ5 (MD02G1083100),
MAUGT91AJ6 (MD02G1083300), MdUGT91AJ7 (MD02G1083800), MdUGT91C7 ( MD08G1200700). (a) M, Marker;
S1-S8, MdUGT91AJ1 (1368 bp), MdUGT91AJ2 (1428 bp), MdUGT91AJ3 (1410 bp), MAUGT91AJ4 (1410 bp),
MdAUGT91AJ5 (1338 bp), MdUGT91AJ6 (1362 bp), MdUGT91AJ7 (1410 bp), MdUGT91C7 (1464 bp) were
sequentially validated for positive clones by bacterial liquid PCR; (b) M, Marker; S1-S8, pGEX-2T positive plasmids
containing MAUGT91AJ1, MdUGT91AJ2, MdUGT91AJ3, MdUGT91AJ4, MdUGT91AJ5, MdUGT91AJ6,
MdUGT91AJ7, MdUGT91C7 fragments were sequentially double digested for validation.



55 2 T35, A5 PR GT1 MR A b 8 MBI R MRk DR v b )% 2 1 ek 313

2.3 M GT1 K A 4l 8 ANHIEELFEME AL PRI JUR% 4 1k 4k iR

FHBR R0 b i BE S 210 pGEX-2T #RiARiERz 42 “C GG T8 = Wi 2 R A A sz
A 2ENEH R (Amp DPUPERHES , K PCR P &l 3 () 5B EFII SR f5 (& 3(b) T, B 2 FHPE &
HEETE  RIFEAZFGREA MAUGTI1AJ1-pGEX-2T, MdUGTI1AJ2-pGEX-2T, MdUGT91AJ3-pGEX-2T,
MdUGT91AJ4-pGEX-2T, MAUGT91A]5-pGEX-2T, MAUGT96AJ1-pGEX-2T, MdUGT91AJ7-pGEX-2T,
MAUGTI1C7-pGEX-2T ¥R .
2.4 GT1 %K A divp 8 NSNS IPTG i iR L

L ARNFE S AR R, R BES SR E 20 CHE;FREE] 16 h i, B 3L 5% B B MAUGT91AJ1,
MdAUGT91AJ2 . MdUGTI1AJ3 7 IPTG &4 M 1. 0 mmol <L~ i, B85 P 08 & B (3 3) s g6
fii MAUGT91AJ4 . MdUGT91A]5 . MdUGT91AJ6 . MdUGT91AJ7 7 IPTG & ¥ A 0. 5 mmol <L "B}, &
Pk & it (32 2) s BHEAE R MAUGTO1C7 78 IPTG 44 4 0. 75 mmol L', SR IA SRS
(£2),

F2 GI1HREAAHSNMEEEBEMERIE IPICIBFRRERTE

Tab. 2 Determination of optimal IPTG induction concentrations for 8 glycosyltransferases in Group A of GT1 family

IPTG ¥J% /mmol «L. !
I jug smL !
0.0 0. 25 0. 50 0.75 1.0 1.25
MdAUGT91AJ1 28,461, 98 45,7542, 16 106. 176. 57 142.35410.81  218.37412.49 154, 537, 62
MdAUGT91AJ2 13. 7640, 67 67. 246, 25 88. 068, 72 169. 6314, 23  242.58-17.81  156.31£15.76
MdUGT91AJ3 26,3542, 46 78.4145. 92 104, 27+7.59 128.59+11.67  169.34+13.53 121. 6748, 84
MdAUGT91AJ4 13.2821. 06 92. 56 6. 48 173.918. 43 135. 6724, 24 112.46+2.79 89. 64=7. 56
MdUGT91AJ5 21.7842.11 67. 455, 32 129.58+7.15 92. 716, 58 75,5347, 41 34,892, 43
MdAUGT91AJ6 11,4641, 25 57.384. 46 148. 2746, 87 79.45%43. 36 49, 4143, 26 22,4872, 02
MdUGT91AJ7 14,6941, 37 71. 4544, 53 203.5947. 52 82,5744, 43 59, 5743. 07 19.6341. 35
MdUGT91C7 10. 7240, 84 35,6342, 12 79. 4644, 61 193. 688, 24 105. 249, 12 36. 7822, 04
2.5 GTUIKk A AU 8 AVBEHERE RN SF-UR A5 YA R (R ik A 9 S s

GRS SRR, RAEREFR0A] 16 h Al IPTG AWK EE 1. 0 mmol « L' B, % JL 5% 5% il
MdUGT91AJ1 . MdUGT91AJ2 . MdUGT91AJ3 MdUGTI1CT7 Feifi 55 I 20 °C i, BE 2R [ 334 & i)
(2 3) s BB ROl MAUGT91AJ4 . MdUGT91AJ5 . MdUGT91AJ6 . MdUGT91A]7 75 fie i K5 77 B 20 °C
i B I RA S R RE GR 3D,

£3 CNMREABPSNMEEEBBRRAREIAGHEREEFEERE
Tab. 3 Determination of optimal culture temperature for heterologous expression of

8 glycosyltransferases in Group A of GT1 family in Escherichia coli

M/ C
BiEFH /ug eml !
12 14 16 18 20 22
MdUGT91AJ1 15.37+1.25 37.91+2. 43 64.38+4. 78 125.69+7. 96 196, 43+17.57 115. 48+9. 52
MdUGT91AJ2 11.58+0. 43 39.52+1.79 62. 64744, 23 145.37410.58  212.61419.45  146.72+10. 36
MdUGT91AJ3 17. 79741, 52 54, 03+2. 48 82.41+3. 68 131.49+12. 56 189. 25+16. 38 152. 1411, 27
MAUGT91AJ4 14.52+1.13 57. 41744 68 189. 55+9. 23 145. 31745, 48 109. 78+8. 23 45.78+3. 89
MdUGT91AJ5 8.57+0.51 34, 26+2. 69 102. 4145, 92 78. 5344, 87 46.23+3. 65 21.3541.05
MAUGT91AJ6 9. 48+0. 82 39.32+3. 16 169. 53+7. 26 112.47+7.13 53.78+4. 53 26. 3541, 27
MdUGT91AJ7 12.090. 93 45, 26+3. 07 178.43+8.17 101. 59+6. 98 46.37+2. 84 21,4741, 22
MdUGT91C7 16.81+1.13 42.37+2.78 102. 64+7. 39 145.51+9. 12 196. 42+12. 78 78. 95+5. 28
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2.6 GT1 % A 401 8 B L EERBA 5 D5 48 38 KIAAT i e il 1% 3 I ] 6 o
ZARFFE S KRR, ERAERFRIRE 20 °C M IPTG AW E 1. 0 mmol « L' i, 4 5L 54 72 i
MdAUGT91AJ1 . MdUGT91AJ2 MdUGT91A]3 Heid 5532 R Ky 16 h inf, B F 2605 & i fe i (R 4) 5 B
M MAUGTI91AJ4, MAUGTI91A]5, MAUGT91AJ6. MdUGT91AJ7. MdUGTI1C7 7E f ii % 37 i 18] Ky
24 hif MR ARA T ERHGR D,
F4 GI1 Kik A A § MEERBEMRER AKX GITHEREEFHEHE
Tab. 4 Determination of optimal incubation time for heterologous expression of eight

glycosyltransferases in E. coli in group A of GT1 family

] /h
PP /g smL !
12 16 20 24 28 32
MdUGTI1A]1 57.45+4. 81 173.7449. 25 136. 71+6. 42 78.45+4.51 56.3442. 48 25.37+1. 14
MdUGT91A]2 62. 34£5. 27 189.4549.51 134.85+5. 14 106. 7847. 46 74.454+6. 69 35.19+1. 21
MdUGTI1A]3 38.79£2. 24 196.21+9. 51 157.03+9. 12 114. 68+8. 35 78.51+£5. 46 25.09£1.75
MdUGTI1AJ4 27.26=+1.67 78.344+5.12 168. 42+8. 25 225.57+16.79 125. 6945, 57 35.41+1.82
MdUGTI1A]5 22.41+1. 28 69.2543. 43 125. 784-6. 33 184.89+11. 25 68. 434,13 34.57+1.18
MdUGTI91A]6 19. 67+1. 20 57.5143.78 118.46+8. 14 199. 52+15. 09 76. 345,32 38.41£2.45
MAUGTI91A]J7 17.1241. 56 46.78+3. 89 151. 68+7. 32 213.78+£14. 37 87.45+4. 11 35.86+1.57
MdUGT91C7 18.24+1. 67 51.69+3.21 163.94+7.19 226.27+10. 48 121.05+7.52 42.2143.28
3 4iig

VEZ AL RN B S AL A 56 LRSI (Dl i e 7 ) A K R I A RN 3 40 T
PR A AFE A BN . R, SRR S S TR RN . VR —FRE T UDP -HE bl
PRIGEE, UGTs nf LA REME AL SR AR ARG 0 2 OB B R B 1, © B 2 UDP-WE 15 3 Ak
P P ARAT FTA& AL B2 T AR 2 U I 78 R B0 . ARBRSE R R B 3 T GT1 Kk
A YL 8 WL B ) A R IR R, a0 3 R TR R % PHPE 41 R MAUGT91A1-pGEX-2T,
MdUGT91AJ2-pGEX-2T, MAUGT91AJ3-pGEX-2T, MdUGT91AJ4-pGEX-2T, MAUGT91AJ5-pGEX-2T,
MdUGT91AJ6-pGEX-2T,MdUGT91AJ7-pGEX-2T Hl MAUGTI1C7-pGEX-2T # AL 3| K FFH# BL-21, 4
RS RARR AT TN . it 8 LS B 56 DR 7 AS [ 32 B 4 407 Y e kB X 4y
BRI SRR B I MAUGT 91A T 2 73 A 1 FR 3 32 8 B f ok 1 25, 5 AR B i i vh sk il
A8 » IG5 SR AT A 0327 2 R A T e 1 O A A AT — 2 R AP T RE L 5 S AR AR B I R I 1 B
XN TR R A E T EE MR,

VIZAY) GTs FEBAE S /RIER NI IEES & 52 a0 b R HEVE L, D A G 7k 3R36  ali Ak A= 1 4
EHAPRENE . GTs BYSFIRRIE K Z 2 o 338 5 A A0 45 14 3 i e 2 RRCEk e DX 3l %) 2 10 3 Pl 30 43k
S . KA RS R E A RIS Rz — IR (A R 0A R 5 SR e A IS 1 14 26 2 ) S5
Jones S5 12 I AT T S 1548 35 400 1 I HhoBE SR B S il 4R 1 UGT73C6 Al UGT78D1, AR A S 1y 4 2R
UGT73C6 1 UGT78D1 £ 5 s B (1 A ™ s Wang %53 13 Kl FF 51 57 U5 26 35 R G0 UE W T 400 I+ 4%
FHAEHE UGTT4E2 0] LA BRI 2N AL A WA K b S AT B R AL B4 5 Chen 25 &
PR B v SR U5 ek B S B T SRS R AR 1 UGT75B1 1] LI SLAL A M I Y5 192 . 2 5 A W0 19 35 A= W i
HEIRAR KRR OsUGT706C25%  OsGT43B2 | OsGT61 2 £ 143 3o KM T 1 5 U5 6 35 R G
BT HBE LB T RE . (R B AT, B RS SRR S AL B A A DRI S8 4/ . L A5 1 U6 S SRR S 5 78 il
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FKIE 1 NI 229 AL R BEIE R M50 500 18 A2, B 5 S 3 Ml 565 B i D9 19 D BE A o 4R 1%
TR,

FIGAT TR 8 A A A F = W B CEETE ] AR SR 2 30D 2 B A 5 e AAe) 2 %) PR P 2 Bk i)
E. coli BL-21 335 H W& 1 R 22 A KW o A AR e 0 58 jlrdy . BRI, X6 R M o A A AR i A e 1
RGBS R B A A R H EE R L. A5 ODy, fH
25 0. 6 A K IAHT T I ALK EE 43504 0. 0,0, 25.0. 5.0. 75.1. 0. 1. 25 mmol +L ' B IPTG i F:F£ ik,
VR 40 5 R 12,14.16.18, 20,22 C, B R EE IR E R 12,16, 20, 24, 28, 32 h, & I0E 3L % & i
MdAUGTI91AJ1 . MdUGT91AJ2 . MdUGT91AJ3 7 IPTG &N 1. 0 mmol <L~ iFSIRE 20 C.iHESE
FEmf ] 16 h B, AR 1 R Gk S 8 o WS B i MAUGT91AJ4, MAUGT91AJ5, MAUGT91AJ6 .,
MAUGTI1AJ7 7£ IPTG AWk N 0.5 mmol <L iFEFRIREE 16 °C iR IGFRATE 24 h B 1R IA & ik
s AR AL MAUGTO1C7 7 IPTG &M 0. 75 mmol <L iFFIRE 20 °C A S8 350 A] 24 h B,
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L ETRE
GT Glycosyltransferase
IPTG Isopropyl p-D-1-thiogalactopyranoside
GST  Glutathione-S-transferase
MS Murashige and Skoog
PCR  Polymerase Chain Reaction
Amp~ Ampicillin

F=S1 SNMEERERBEHERM CDS &HiLF7
Tab. S1 The CDS coding sequences of 8 glycosyltransferase genes
MdAUGT91AJ1 (MD02G1083600) CDS F %1

ATGGAGAGCAAAGATCAGAAGAAACTTCACATAGCCATGTTCCCATGGCTAGCCTACGGCCACCTAATGTCATTT
CTGGAGGTCTCCAAGTTCTTAGCTCAAAAGGGTCACCAAATCTCCTTCATCTCCACACCCAAAAACATCAATCGCT
TCCGATCCTCCTCCCTTTCCCCTCTTATCGATTTCATCGAGCTTCCTCTCCCCGCCGTCGACGGCTTACCGGAATCCG
CCGAGTTCCGAGCTACCAATCAACAAATCACGCATTTCATCCAACATTCGGGCGTCAACTGGGTCGTCCACGACGT
CATTTGCTACTGGCTTCCCCGAGTTGCCACCCAGCTCGGAGTCAACTCGGTATTCTTCAGCGTCACCAACGCCACTA
CCTTGGCCTTTTTCGGTCCTCCGTCCGAGTTACTCAGCGACAAACTCCGGCGGCCAGAGGACTTTACGGTCGTCCCC
GAGTGGGTCGACTATCCTTCCAACGTTGCTTTTAAGCTGCATGAGATGGTGAGCCACTGGGACTGCATGGAGGAC
GAGGTCTCTGATTTTCAGAGAGCCGCGCGTGCGATTCAAGATTGTAATTTTGTGACTATGCGGAGCTGCACCGAG
TTTGAATCTGACGCGGTGAGTCTGCTCAAGAAGATCTACGGCAAACCCATTGTTCCACTAGGGCTGCTGCCGCCCG
ACTCAGCGCCGCATCAGCATGGCGTCGCTGACGATCGATGGGATGAGAAGTGGGAAGTGTTGAGAGAGTGGCTCG
AAAATAAGAAACCGAACTCGGTGGTTTACATCGCATTCGGCACTGAGGTGACTCCTAGCCAAGAGTTGATGCATG
AGTTGGCACATGGGATAGAGAAATCCGGGTTGCCCTTTATTTGGGTGGTCAACAATCGCCCGTTGGTGGAGGGTG
TGTTGGGGGCCGATATCATTCCACCCGGGTTTCAAACTCGAGTGGAGGATCGAGGCTTGGTCTGGAGGGGTTGGGC
CCCACAACTTAAGATTCTGGATCATGCATCGGTCGGAGGTTTCCTAACTCATTGTGGTTGGAGTTCAGTTGTTGAG
GCACTACGGTTTGGGCTGGTTCTGATTTTGTTTTCAGGTGCTTATTCAGACCAACCGTTGAACGCGAGACTAATGC
ACGATAAGCGGGTGGGGTTGGAGATACCAAGGGACGAGCGAGACGGATCGTTTACGAGTGACTCGGTGGCCGAGT
TGATTAGGCGAGTGATGGTGGAGAAAGAAGGTGAGTCAATAAGGTCAAATGCATGGGCCATGAAGGAGATCTTT
GGCAACGTAGAGTTGAACAAGCAGTGCTTCGACGAGTTTTCTCGGGTCCTTGAAACCTGGCCAATTCCACCTAGTC
AATGA
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MdUGT91AJ2 (MD02G1084000) CDS 5751

ATGGAGAGCAAAGATCAGAAGAAACTTCACATAGCCATGTTCCCATGGCTAGCATTGCAAAGGTGGGGTGCCTAC
GGCCACCTAATGTCATTTCTCGAGGTCTCCAAGTTCTTAGCTCAAAAGGGTCATCGAATCTCCTTCATCTCCACCC
CCAAAAACATCAATCGTCTCCGATCCTCCTCCTTTTCCCCGCTCATCGATTTCGTCGAGCTTCCTCTCCCTGCCGTC
GACGGCTTACCGGAATCCGCCGAGTCCACCTCCGAGCTACCAATCAACAAAGTCCCATACCTCAAAAAAGCATACG
ACTTGCTCAAGCCTTCAGTCACCCATTTCATCGAACACTCGGGCGTCAACTGGATCGTCCACGACTTCATTTGCTA
CTGGGTTCCCCGAGTCGCCACTCAGCTCGGAGTCAACTCGGTCTACTTCAGCGTCACCAACGCCAATTCCTTGGTTT
TCATCGGTTCTCCGTCCGAGTTACTCAGCAATAAACGCAGGCGGCCGGAGGACTTTACTGTCGTCCCCGAGTGGGT
CGACTATCCTTCCAACGTTGCTTTTAAACTGCATGAGATGGTGACCCACTGGGATTGCATGGACGACGAGGTCTCC
GATTTTCAGAGACTCGCAGGTGCGATTCAAGATTGTAATTTTGTTACTATGCGGAGCTGCACCGAGTTCGAATCT
GACGCTGTAAGTCTGCTCAGGAAGATCTACGGCAAACCAGTTGTTCCACTCGGGATGCTGCCGCCAGTCTCAGCGC
CGCATCAGCACGGCGTCGCTGATGATCGAGGGGATGAGACGTGGGAAGTGCTGAGAGGTTGGCTCGAAAATAAGA
AACCGAACTCGGTGGTTTACATCGCATTCGGCACTGAGGTGACTCCGAGTCTAGAATTGATGCACGAGTTGGCACA
TGGGATAGAGAAATCCGGGTTGCCCTTTATCTGGGTGGTCAACAATCGCCCCTTAGTGGAGGGTGTGTTGGGGGCT]
GATATCATTCCACCCGGGTTTCAAACTCGAGTGGAGGATCGAGGCTTGGTCTGGAGGGGTTGGGCCCCACAACTTA]
AGATTCTAGCTCATGCATCGATCGGAGGTTTCCTAACTCATTGCGGTTGGAGTTCAGTTGTTGAGGCACTACGGTT]
TGGGCGGGTTTTGATTTTGTTTTCGGGTGCTTATTCAGACCAACCGTTGAACGCAAGACTAATGCATGATAAGCG
GGTCGGGTTGGAGATACCGAGGGACGAGCAAGACGGATCGTTTACGAGTGACTCGGTGGCGGAGTTGATTAGGCG
AGTGATGGTGGAGAAAGAAGGTGAGTCAATAAGGTCAAATGCATGGGCCATGAAGGAGATCTTTGGCAACGTAG
AGTTGAACAACAGGTGCTTGGACGAATTCACTCGAACCCTTGAAACCTGGCCCACTTCAACCTAA

MdUGT91AJ3 (MD15G1211400) CDS F 71
ATGGAGCGCAAAGATGAGAAGAAACTTCACATCGCCATGTTCCCATGGCTAGCCTACGGCCACCTGATGCCATTTC
TCGAGGTCTCCAAGTTCTTAGCTCAAAAAGGTCACCAAATCTCCTTCATCTCCACCCCCCAAAACATCAATCGCCT
CCGGTCATCCTCCCTTTCCCTACTCATCGATTTCGTTGAGCTTCCTCTCCCCGCCGTCGACGGCTTACCTGAATCCGT
CGAGTCCACCTCCCAGCTACCAATCAACAAAGTCCCCTACCTCAAAAAAGCCTACGACTTGCTCAAGCCTGCAGTCA
CGCATTTCGTCCAACACTCGGGCGTCAACTGGGTCGTCCACGACGTTATTTGCTACTGGCTGCCCCAAGTCGCCACT
CAGCTCGGAGTCAACTCGGTCTTCTTCAGCATCATCAACGCCACTTCCTTAGCTTTCGGCGGTCCTCCGTCTGAGTT
ACTCGGCGATAAACGCCGGCGGCCGGAGGACTTTACGGTCGTTCCCGAGTGGTTCGACTATCCTTCCACCGTCGCTT
ATAAGCTGCACGAGATGGTGAGTCATTGGGATTGCATGGACGACAATGTCTCCGATTTTCAGAGGCTCGCGGTTA(Q
GGTTCAAGATTGTAATTTTGTGACTATACGGAGCTGCACCGAGGTTGAATCTGACGCGGTGAGTCTGCTCAGAAA
TTTATACGGTAAACCCGTTGTTCCACTCGGGCTGCTGCCGACCAGCTCAGCACCGCATCAGCCCGGCGGCACTAACG
ATGGAGCGGATGAGAAGTGGGAAGTGTTGAGAGAGTGGCTCGAAAATAAGAAACCGAACTCGGTGGTTTACATC
GCACTCGGCACCGAGGTGACTCTGAGTCAAGAACTTATGCACGAGTTGGCTCACGGGATAGAGAAATCGGGGTTG
CCCTTTATTTGGGTGGTCAACAATCGCCCGTTAGTGGAGGACGCGTTGGGGTCTAATATCCTTCCACTCGGATTTG
AAACCCGAGTGGACGGTCGGGGCTTTGTGTGGAGGGGTTGGGCCCCACAACGTAAGATTTTGGGTCATATCTCAG
TTGGAGGATTCCTGACTCATTGCGGTTGGAGTTCAATTATTGAAGCATTAGGGTTTGGGAGGGTTTTGATTTTGT
TTTCGGGTGCAAATTCGGACCAAGGGTTGAACTCGAGACTAATGCACGAAAAGCAGGTTGGGTTGGAGATACCGA
GGGACGAGCGAGATGGGTCGTTTACGAGTGACTCGGTGGCCGAGTTGATTAGGCGAGTGATGGTGGAGAAAGAG
GGCGAGTTAGTACGGGCAAATGCACGGGCCATGAAGGAGATATTTGGCAACGTAGAGTTGAACAAAAAGTGCTT
GGACGAGTTCACTCGGGTCCTTGAAACTTGGCCCGCTTCAACTTAA

MdUGT91AJ4 (MD10G1101200) CDS %1
ATGGAGCGCAAAGATGAGAAGAAACTTCACATCGCCATGTTCCCATGGCTAGCCTACGGCCACCTGATGCCATTTC
TCGAGGTCTCCAAGTTCTTAGCTCAGAAAGGTCACCAAATCTCCTTCATCTCCACCCCCCAAAATATCAATCGCCTC
CGGTCATCCTCCCTTTCCCTACTCATCGATTTCGTTGAGCTTCCTCTCCCCGCCGTCGACGGCTTACCTGAATCCGT
CGAGTCCACCTCCCAGCTACCAATCAACAAAGTCCCCTACCTCAAAAAAGCCTACGAATTGCTCAAGCCTGCAGTC
ACGCATTTCGTCCAACACTCGGGCGTCAACTGGGTCGTCCACGACGTTATTTGCTACTGGCTGCCCGAAGTCGCCAC
TCAGCTCGGAGTCAACTCGGTCTTCTTCAGCATCATCAACGCCACTTCCTTAGCCTTCGGCGGTCCTCCGTCTGAGT
TACTCGGTGATAAACGCCGGCGGCCGGAGGACTTTACGGTCGTTCCCGAGTGGTTCGACTATCCTTCCACCGTCGC
TTATAAGCTGCACGAGATGGTGAGTCATTGGGATTGCATGGACGACAATGTCTCCGATTTTCAGAGGCTCGCGGT
TACAGTTCAAGATTGTAATTTTGTGACTATACGGAGCTGCACCGAGGTTGAATCTGACGCGGTGAGTCTGCTCAG
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AAATTTATACGGCAAACCCGTTGTTCCACTCGGGCTGCTGCCGACCAGCTCAGCACCGCATCAGCCCAGCGGCGCTA
ACGATGGAGCGGATGAGAAGTGGGAAGTGTTGAGAGAGTGGCTCGAAAATAAGAAACCGAACTCGGTGGTTTAC
ATCGCACTCGGCACCGAGGTGACTCTGAGTCAAGAGCTTATGCACGAGTTGGCTCACGGGATAGAGAAATCGGGG
TTGCCCTTTATTTGGGTGGTCAACAATCGCCCGTTAGTGGAGGGCGCGTTGGGGTCTAATATCCTTCCACTCGGAT
TTGAAACCCGAGCGGACGGTCAGGGCTTTGTGTGGAGGGGTTGGGCCCCACAACGTAAGATTTTGGGTCATATCTC
AGTTGGAGGATTCCTGACTCATTGCGGTTGGAGTTCAATTATTGAAGCATTAGGGTTTGGGAGGGTTTTGATTTT
GTTTTCAGGTGCAAATTCGGACCAAGGGTTGAACGCGAGACTAATGCACGAAAAGCAGGTTGGGTTGGAGATACC
GAGGGACGAGCGAGATGGGTCGTTTACGAGTGACTCGGTGGCCGAGTTGATTAGGCAAGTGATGGTGGAGAAAGA
GGGCGAGTTAGTACGGGCAAATGCATGGGCCATGAAGGAGATATTTGGCAACGTAGAGTTGAACAAAAAGTGCT
TGGACGAGTTCACTCGGGTCCTTGAAACTTGGCCCGCTTCAACTTAA

MdUGT91AJ5 (MD02G1083100) CDS F 71
ATGCCATTTCTGGAGGTCTCCAAGTTCTTAGCTCAAAAGGGTCACCAAATCTCTTTCATCTCCACCCCCAAAAACA
TCAATCGCCTCCGATCCTCCTCCTTTTCCCCGCTCATCAATTTCGTCGAGCTTCCTCTCCCCGCCGTCGACGGCTTA
CCGGAATCCGTTGAGTCCACCTCCGAGCTACCAATCAACAAAGTCCCTTACCTCAAAAAAGCATACGACTTGCTT
AAGCCTTCAGTCACGCATTTCATCCAACACTCGAGCGTCAACTGGGTCGTCCATGACATCATTTGCTACTGGATG
CCCAGAGTCGCCACTCAGCTGGGAGTCAACTCGGTCTACTTCAACATCACCAACGCCAGTACCTTGGCTTTCTTGG
GTCCTCCGACCGAGTTACTCGGCGATAAACGCAGGCGACCGGAGGACTTTACGGTCGTCCCCGAGTGGGTCGACTA
TCCTTCCAACGTTGCTTTTAAGCAGCATGAGATGGTGAGCCACTGGGATTGCATGGACGATGAGGTCTCCGATTTT]
CAGAGACTCGCGGGTTCGATTCAAGATTGTAATTTTGTGACTATGCGGAGCTGCACCGAGTTCGAATCTGACGCG
GTGAGTTTGCTCAGGAAGATCTACGGCAAACCCGTTGTTCCACTCGGGCTGCTTCCGCCTGGCTCAGCACCACATC
AGCATGGCGTCGCTAACGATCGAGGGGATGACAAGTGGGAAGTGTTGAGAGAGTGGCTCGAAAGTAAGAAACCG
AACTCGGTGGTTTACATCGCCCTCGGCACCGAGGTGACTCTGAGTCAAGAGTTGATGCACGAGTTGGCACATGGG
ATAGAGAAATCCGGGTTGCCCTTTATTTGGGTGGTCAACAATCGCCCGTTGGTGGAGGGCGTGTTGGGCTCCGAT
ATAATTCCACTCGGGTTTGAAACACGAGTAGAGGATCGAGGCTTGGTCTTGAGAGGTTGGGCCCCACAACTTAAG
ATTCTAGGTCATATTTCGATCGGAGGTTTCCTAACTCATTGTGGTTGGAGTTCAGTTGTCGAGGCACTAGGGTAC
GGGCGGGCTTTGATTTTGTTTTCGGGTGCTAATTCCGACCAAGGGTTGATCGCGAGACTAATGCACGATAAGCAG
GTCGGGTTGGAGATACCGAGGGACGAGCAAGACGGGTCGTTTACGAGTGACTCGGTGGCCGAGTTGATTGGGCGA
GTGATGGTGGAGAAAGAAGGTGAGTCCATAAGGTCAAATGCACGGGCCATGAAGGAGATATTTGGCAATGTAGA

GTTGAACAACAAGTGCTTGGACGAGTTCACTCGGGTCCTTGAAACCTGGCCCAAATAA

MdUGT91AJ6 (MD02G1083300) CDS 751
ATGGAGAGCAAAGATCAGAAGAAACTTCACATAGCCATGTTCCCATGGCTAGCCTACGGACACCTAATGCCATTT
CTGGAGGTCTCCAAGTTCTTAGCTCAAAAGGGTCACCAAATCTCTTTCATCTCCACCCCCAAAAACATCAATCGC
CTCCGATCCTCCTCCTTTTCCCCGCTCATCAATTTCGTCGAGCTTCCTCTCCCCGCCGTCGACGGCTTACCGGAATC
CGTTGAGTCCACCTCCGAGCTACCAATCAACAAAGTCCCTTACCTCAAAAAAGCATACGACTTGCTCAAGCCTTCA
GTCATGCATTTCATCCAACACTCGAGCGTCAACTGGGTCGTCCATGACATCATTTGCTACTGGATGCCCAGAGTCG
CCACTCAGCTGGGAGTCAACTCGGTCTACTTCAACATCACCAACGCCAGTACCTTGGCTTTCTTGGGTCCTCCGAC
CGAGTTACTCGGCGATAAACGCAGGCGACCGGAGGACTTTACGGTCGTCCCCGAGTGGGTCGACTATCCTTCCAAC
GTTGCTTTTAAGCAGCATGAGATGGTGAGCCACTGGGATTGCATGGACGATGAGGTCTCCGATTTTCAGAGACTC
GCGGGTTCGATTCAAGATTGTAATTTTGTGACTATGCGGAGCTGCACCGAGTTCGAATCTGACGCGGTGAGTTTG
CTCAGGAAGATCTACGGCAAACCCGTTGTTCCACTCGGGCTGCTTCCGCCTGGCTCAGCACCACATCAGCATGGCG
TCGCTAACGATCGAGGGGATGACAAGTGGGAAGTGTTGAGAGAGTGGCTCGAAAGTAAAGAAACCGAACTCGGT
GGTTTACATCGCCCTCGGCACCGAGAGAAATCCGGGTTGCCCTTTATTTGGGTGGTCAACAATCGCCCGTTGGTG
GAGGGCGTGTTGGGCTCCGATATAATTCCACTCGGGTTTGAAACACGAGTAGAGGATCGAGGCTTGGTCTTGAGA
GGTTGGGCCCCACAACTTAAGATTCTAGGTCATATTTCGATCGGAGGTTTCCTAACTCATTGTGGTTGGAGTTCA
GTTGTCGAGGCACTAGGGTACGGGCGGGCTTTGATTTTGTTTTCGGGTGCTAATTCCGACCAAGGGTTGATCGCG
AGACTAATGCACGATAAGCAGGTCGGGTTGGAGATACCGAGGGACGAGCAAGACGGGTCGTTTACGAGTGACTC
GGTGGCCGAGTTGATTGGGCGAGTGATGGTGGAGAAAGAAGGTGAGTCCATAAGGTCAAATGCACGGGCCATGA
AGGAGATATTTGGCAATGTAGAGTTGAACAACAACAAGTGCTTGGACGAGTTCACTCGGGTCCTTGAAACCTGGC

CCAAATAA




S4 SRR 272741 CFL AR BO

MdUGT91AJ7 (MD02G1083800) CDS R 5
ATGGAAAGCAAAGATCAGAAGAAACTTCAAATAGCCATGTTCCCATGGCTAGCCTACGGCCACCTAATGCCATTT
CTCGAGGTCTCCAAGTTCTTGGCTCAAAAGGGTCACCAAATCTCCTTCATCTCCACCCCCAAAAACATCAATCGC
CTCCGATCCTCCTCCTTTTCCCCGCTCATCGATTTCGTCGAGCTTCCTCTCCCCGCTGTCGACGGCTTACCGGAATC
CGTCGAGTCCACCTCCGAGCTACCAATCAACAAAGTCCCTTACCTCAAAAAAGCATACGACTTGCTCAAGCCTTCA
GTCATGCATTTCATCCAGCACTCGGGAGTCAACTGGGTCGTCCATGACTTCATTTGCTACTGGATGCCCAGGGTCG
CCACTCAGCTGGGAGTCAACTCGGTCTACTTCAACATCACCAACGCCACTACCTTGGCTTTCTTCGGTCCTCCGTCC
GAGTTACTCGGCAATAAACGCAGGGGGCCGGAGGACTTTACGGTCGTCCCCGAGTGGGTCGACTATCCTTCCAACG
TTGCTTTTAAATTGCATGAGATGGTGACCCACTGGGATTGCATGGGCGACGAGGTCTCCGATTTTCAGAGACTCG
GGCGTACGATTCAAGATTGTAATTTTGTGACTATGCGGAGCTGCACCGAGTTCGAATCTGACGCAGTGAGTCTGC
TCAGGAAGATCTACGGCAAACCAGTTGTTCCACTCGGGCTGCTGCCGCCGGTCTCAGCGCCGCAACAGCACGGCGT
CGCTGACGATCGAGGGGATGAGACGTGGGAAGTGCTGAGAGGTTGGCTCGAAAATAAGAAACCGAACTCGGTGGT]
TTACATCGCCCTCGGCACCGAGGTGACTCTGAGTCAAGAGTTGATGCACGAGTTGGCACATGGGATGGAGAAATCC
GGGTTGCCTTTTATTTGGGTGGTCAACAATCGCCCGTTAGTGGAAGGCTTGTTGGGCTCCGATATAATTCCACTCG
GATTTGAAACCCGAGTAGAGAATCGAGGCTTGGTCTTGAGAGGTTGGGCTCCACAACTTAATATTCTAGGTCATA
TCTCGGTTGGGGGTTTCCTTACCCATTGTGGTTGGAGTTCAGTTGTCGAGGCACTAGGGTACGGGCGGGCTTTGAT
TTTGTTTTCAGGTGCTAATTCAGACCAAGGGTTAATCTCTAGACTAATGCACGATAAGCGGGTTGGGTTGGAGAT
ACCGAGGGACGAGCAAGATGGGTCGTTTACGAGTGACTCGGTGGCCGAGTTGACAAGGCGAGTGATGGTGGAGAA
AGAAGGTGAGTCCATAAGGTCAAATGCATGGGCCATGAAGGAGATATTTGGCAACGTAGAGTTGAACAACAAGT

GCTTGGATGAGTTCACTGGGGTCCTTGAAACTTGGCCCACTTCCTCCTAG

MdUGT91C7 (MD08G1200700) CDS FF 31
TGGACACAGGTCAATCTCCATGGACAACCAGAACACTCAGAGTGGAGGCCAAGGAGGAGGAGGCGGAGGAGCTG
TTCTTCACGTGGTGGTGTTTCCATGGCTGGCCATGGGCCACCTCATCCCCTTCTTCCACCTTTCCACCCTCATAGCT
CAAAGGGGTCACACCGTCTCCTTCGTCTCCACCCCAAGGAACCTCTCCAGACTTCCCAAAATACCCTCCCACCTCTC
CTCCCTCGTCAACCTCGTCTCCTTCCCTCTCCCCCGCCTCCCTAACCTCCCAAACGACGCCGAATCATCAACCGACGT

CCCCTTCCACAAGCAGCAACTACTCAAAACGGCCTTCGACATGCTACAAACCCCGCTGACCGCTTTCCTGGAGTCCT

GCCTTCTTTTTCTGTGTCAACGCCGCCTGCCTGGCCTACCTCGGTCCGCCGTCGGTTCTGATCAGCGGCCAGGATGG
GAGGACCAAGGCCGAGGATTTCACGGTGGTCCCCAAGTGGGTCCCGTTCGAGTCCGACATGGCATATCGGCTCCAC
GAGGTTGCCAAGTGGGTGCAAGCATCAAGCGGGAACGAGTCGGGCACTCCCGATACGGTGCGTTTTGGGGTTGCG
ATTGAGGAGAGCGACGTTGTGTTTGTTAGAAGCTCTGACGAGTTTGAGCCCGAGTGGTTAAATTTGGTGAGAGA
GCTTTACCGCGAGGTAAAAGTAAAACCCGTTGTTCCGGTTGGATTTTTACCGCCTAACATAGAAGAGGAGGCAAG
TGAATTTGATGAAACATGGGGTGGCATTAAAGGGTGGTTGGACAAGCAACGAGTCAACTCGGTGGTTTACATTG
CACTCGGGACCGAAGCGACACTGAGTCAGGAGGAACTCACCGAGCTGGCTCTCGGGTTGGAGCTGTCCGGGGTACC
CTTCTTTTGGGTGTTGAGAAACCCGCCCGAGTCGACTCAGTCAGTGTCTGAGATGCTTCCTCCAGGGTTTTTGGAA
CGAGTCAAGGGTCGAGGTGTGGTGGACTTGGGGTGGGCTCCGCAGGTGCGCATACTGAGTCATGACTCGGTGGGG
GGATTCTTGACTCACTGCGGTTGGAACTCAATGATCGAAGGGCTCATGTTCGGACGGGTTTTGATGTTTTTTCCG
ATGGTGAACGACCAAGGGCTTAATGCTCGATTGGGGAATGGAAAGGGGCTCGGGGTGGAAATACCTAGGAACGA
ACGAGATGGGTCGTTTACTCGTGACTCGGTGGCTGAGTTTGTAAGGTTGGCAATGGTGGACGACTCGGGTGAATC
GATGAGGATAAGGGCCAAGGAAATGAAGGATTTGTTTGGAGACAGAAATAAGAACAATCGAATAGTGGGTGAA
TTCATATGTTTTCTCGAAGAGAACAGGCCACCGAGGTGTCCAGAATAA
xS SMREERBHBERNIERFT

Tab., S2 The amino acid sequences of 8 glycosyltransferase genes

MdUGT91AJ1 (MD02G1083600) SEE: 5
MESKDQKKLHIAMFPWLAYGHLMSFLEVSKFLAQKGHQISFISTPKNINRFRSSSLSPLIDFIELPLPAVDGLPESAEFRA
TNQQITHFIQHSGVNWVVHDVICYWLPRVATQLGVNSVFFSVTNATTLAFFGPPSELLSDKLRRPEDFTVVPEWVDYP
SNVAFKLHEMVSHWDCMEDEVSDFQRAARAIQDCNFVTMRSCTEFESDAVSLLKKIYGKPIVPLGLLPPDSAPHQHGV
ADDRWDEKWEVLREWLENKKPNSVVYIAFGTEVTPSQELMHELAHGIEKSGLPFIWVVNNRPLVEGVLGADIIPPGFQ
TRVEDRGLVWRGWAPQLKILDHASVGGFLTHCGWSSVVEALRFGLVLILFSGAYSDQPLNARLMHDKRVGLEIPRDE
RDGSFTSDSVAELIRRVMVEKEGESIRSNAWAMKEIFGNVELNKQCFDEFSRVLETWPIPPSQ
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MdUGT91AJ2 (MD02G1084000) S EE 51
MESKDQKKLHIAMFPWLALQRWGAYGHLMSFLEVSKFLAQKGHRISFISTPKNINRLRSSSFSPLIDFVELPLPAVDGL
PESAESTSELPINKVPYLKKAYDLLKPSVTHFIEHSGVNWIVHDFICYWVPRVATQLGVNSVYFSVTNANSLVFIGSPS

ELLSNKRRRPEDFTVVPEWVDYPSNVAFKLHEMVTHWDCMDDEVSDFQRLAGAIQDCNFVTMRSCTEFESDAVSLLR
KIYGKPVVPLGMLPPVSAPHQHGVADDRGDETWEVLRGWLENKKPNSVVYIAFGTEVTPSLELMHELAHGIEKSGLP
FIWVVNNRPLVEGVLGADIIPPGFQTRVEDRGLVWRGWAPQLKILAHASIGGFLTHCGWSSVVEALRFGRVLILFSGA
YSDQPLNARLMHDKRVGLEIPRDEQDGSFTSDSVAELIRRVMVEKEGESIRSNAWAMKEIFGNVELNNRCLDEFTRTL

ETWPTST

MdUGT91AJ3 (MD15G1211400) SEEF 5
MERKDEKKLHIAMFPWLAYGHLMPFLEVSKFLAQKGHQISFISTPQNINRLRSSSLSLLIDFVELPLPAVDGLPESVEST
SQLPINKVPYLKKAYDLLKPAVTHFVQHSGVNWVVHDVICYWLPQVATQLGVNSVFFSIINATSLAFGGPPSELLGDK
RRRPEDFTVVPEWFDYPSTVAYKLHEMVSHWDCMDDNVSDFQRLAVTVQDCNFVTIRSCTEVESDAVSLLRNLYGK
PVVPLGLLPTSSAPHQPGGTNDGADEKWEVLREWLENKKPNSVVYIALGTEVTLSQELMHELAHGIEKSGLPFIWVV
NNRPLVEDALGSNILPLGFETRVDGRGEFVWRGWAPQRKILGHISVGGFLTHCGWSSIIEALGFGRVLILFSGANSDQGLN
SRLMHEKQVGLEIPRDERDGSFTSDSVAELIRRVMVEKEGELVRANARAMKEIFGNVELNKKCLDEFTRVLETWPAST

MdUGT91AJ4 (MD10G1101200) SEEF 5
MERKDEKKLHIAMFPWLAYGHLMPFLEVSKFLAQKGHQISFISTPQNINRLRSSSLSLLIDFVELPLPAVDGLPESVEST
SQLPINKVPYLKKAYELLKPAVTHFVQHSGVNWVVHDVICYWLPEVATQLGVNSVFFSIINATSLAFGGPPSELLGDK
RRRPEDFTVVPEWFDYPSTVAYKLHEMVSHWDCMDDNVSDFQRLAVTVQDCNFVTIRSCTEVESDAVSLLRNLYGK
PVVPLGLLPTSSAPHQPSGANDGADEKWEVLREWLENKKPNSVVYIALGTEVTLSQELMHELAHGIEKSGLPFIWVV

NNRPLVEGALGSNILPLGFETRADGQGFVWRGWAPQRKILGHISVGGFLTHCGWSSIIEALGFGRVLILFSGANSDQGLN|
ARLMHEKQVGLEIPRDERDGSFTSDSVAELIRQVMVEKEGELVRANAWAMKEIFGNVELNKKCLDEFTRVLETWPAST

MdUGT91AJ5 (MD02G1083100) SEE 31
MPFLEVSKFLAQKGHQISFISTPKNINRLRSSSFSPLINFVELPLPAVDGLPESVESTSELPINKVPYLKKAYDLLKPSVTH
FIQHSSVNWVVHDIICYWMPRVATQLGVNSVYEFNITNASTLAFLGPPTELLGDKRRRPEDFTVVPEWVDYPSNVAFKQ)

HEMVSHWDCMDDEVSDFQRLAGSIQDCNFVTMRSCTEFESDAVSLLRKIYGKPVVPLGLLPPGSAPHQHGVANDRGD
DKWEVLREWLESKKPNSVVYIALGTEVTLSQELMHELAHGIEKSGLPFIWVVNNRPLVEGVLGSDIIPLGFETRVEDRG
LVLRGWAPQLKILGHISIGGFLTHCGWSSVVEALGYGRALILFSGANSDQGLIARLMHDKQVGLEIPRDEQDGSFTSDS

VAELIGRVMVEKEGESIRSNARAMKEIFGNVELNNKCLDEFTRVLETWPK

MdUGT91AJ6 (MD02G1083300) S &5
MESKDQKKLHIAMFPWLAYGHLMPFLEVSKFLAQKGHQISFISTPKNINRLRSSSFSPLINFVELPLPAVDGLPESVEST
SELPINKVPYLKKAYDLLKPSVMHFIQHSSVNWVVHDIICYWMPRVATQLGVNSVYFNITNASTLAFLGPPTELLGDK
RRRPEDFTVVPEWVDYPSNVAFKQHEMVSHWDCMDDEVSDFQRLAGSIQDCNFVTMRSCTEFESDAVSLLRKIYGKP
VVPLGLLPPGSAPHQHGVANDRGDDKWEVLREWLESKETELGGLHRPRHREKSGLPFIWVVNNRPLVEGVLGSDIIPL
GFETRVEDRGLVLRGWAPQLKILGHISIGGFLTHCGWSSVVEALGYGRALILFSGANSDQGLIARLMHDKQVGLEIPRD
EQDGSFTSDSVAELIGRVMVEKEGESIRSNARAMKEIFGNVELNNNKCLDEFTRVLETWPK

MdUGT91AJ7 (MD02G1083800) S & E: 5
MESKDQKKLQIAMFPWLAYGHLMPFLEVSKFLAQKGHQISFISTPKNINRLRSSSFSPLIDFVELPLPAVDGLPESVESTS
ELPINKVPYLKKAYDLLKPSVMHFIQHSGVNWYVVHDFICYWMPRVATQLGVNSVYFNITNATTLAFFGPPSELLGNK
RRGPEDFTVVPEWVDYPSNVAFKLHEMVTHWDCMGDEVSDFQRLGRTIQDCNFVTMRSCTEFESDAVSLLRKIYGKP
VVPLGLLPPVSAPQQHGVADDRGDETWEVLRGWLENKKPNSVVYIALGTEVTLSQELMHELAHGMEKSGLPFIWVV
NNRPLVEGLLGSDIIPLGFETRVENRGLVLRGWAPQLNILGHISVGGFLTHCGWSSVVEALGYGRALILFSGANSDQGLI
SRLMHDKRVGLEIPRDEQDGSFTSDSVAELTRRVMVEKEGESIRSNAWAMKEIFGNVELNNKCLDEFTGVLETWPTSS

MdUGT91C7 (MD08G1200700) S EE 3
MDNQNTQSGGQGGGGGGAVLHVVVFPWLAMGHLIPFFHLSTLIAQRGHTVSEFVSTPRNLSRLPKIPSHLSSLVNLVSF
PLPRLPNLPNDAESSTDVPFHKQQLLKTAFDMLQTPLTAFLESSRPDWVIYDYAPHWLPAIAARLGVAHAFFFCVNA
ACLAYLGPPSVLISGQDGRTKAEDFTVVPKWVPFESDMAYRLHEVAKWVQASSGNESGTPDTVRFGVAIEESDVVFEV
RSSDEFEPEWLNLVRELYREVKVKPVVPVGFLPPNIEEEASEFDETWGGIKGWLDKQRVNSVVYIALGTEATLSQEEL
TELALGLELSGVPFFWVLRNPPESTQSVSEMLPPGFLERVKGRGVVDLGWAPQVRILSHDSVGGFLTHCGWNSMIEG
LMFGRVLMFFPMVNDQGLNARLGNGKGLGVEIPRNERDGSFTRDSVAEFVRLAMVDDSGESMRIRAKEMKDLFGDRN
KNNRIVGEFICFLEENRPPRCPE

(DTG4 X PR
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