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S YR A R )RR 2 R AR SO R S
e alA, JFAE I B ILHUAE TR T AeE , PR
A RN A5 38, B 1k S8 A0 SO0, E R ROS X4
LA ), Choi SFM WFSY T R R EL R XS 2,
2- R BE-1-MEE Of L (DPPH) . — S LA (NO)
A E R £ (ONOO™) A 4 4 (ROS) 5 BR fig
71, 8533k, KRERFLZXT ROS MW FREESIIL T 5
EARCA SN R S N VL7

W 3L 2 742 il (glycosyltransferase, GT) 7E #H 4
AR, WAEAL 2 R AR AR R AL SO AR
BUSERE . ZRERNEE G, X LES5 M ZREVERBE
I3 5N F NG | AR RNUE AL 55 A Ay
TG 5l o MR G 78 AR I B 7 91 ) AR LR JEE
AL ARSFF 5 LA KO B i S AR b 22 1 4
SRR 114 DFIED . ANEAETF 248
ok B K B B M SR R i, G DN (Daucus
carota var. sativa) WAETT & 3-O- PR LR 1
(Daucus carotacyanidin 3-O-galactosyltransferase 1,
DcUCGalT1) ., Fr 3% (Apium graveolens) V) 1t H &
3-0-F-FUMEIL RS i 1 (Apium graveolens cyanidin
3-O-galactosyltransferase 1, AgUCGalT1) Fl 7 [E 4>
& ¥ (Trollius chinensis) ) 8 [ C-H¥ 3& 5% %% [
(Trollius chinensis 8-C-glucosyltransferase, TcCGT1)
G, Ik S i ik WE R B S AT R R I S
RN TR) B A BTG PR SR B H A om Ak, Fof
TP B A R B 2R AR TR B il A O, PRI R
GEA R B FOME AR B A A SRS S 5 AL
il Xof i S b AR R R R R AR N S R R A
PR,

1 HRE

1.1 WRACIERAEN 426 13 &/ HibHE Sk A R
KEFEPGHFVEY) B, AR A BOR SE A IR T
—80 C IR VKA . I ER R TR, R
BM3500 35K B AU S ks R (IR 30 Hz, FF22 A ]
1.5 min), FRHL 100 mg A 25 4 1) R AL &, A
1.2mL &4 0.1 mg- L™ FIZ- R AR B BES
T, E 30 s, [RIRFHE 10 min, B2 FRERE 3 K
&, T 4 °C UK A8 4k 2L 7€ AR ™™ 9 12 h,
10 300 r'min"' 4 °C & .0 10 min, 35 W T H
0.22 pm HYPERELT B TR

{#i | Thermo Scientific™ QExactive Plus-Orbi-
trap =5 43 HE R TS A0 BT AR, Gl AR B (]
(RT). HIHEF(QU A=Wt {5 B (MS/MS ) 3k
%Y . R UPLC-ESI-MS/MS-QTRAP
(AB Sciex QTRAP 6500+ ) 43 Bt £ Jz 7 W i A5 2
(sMRM) X Gl A T ARG 2 F 001
1.2 ETRIFQNNEEREE KBS Al
FH 426 4 £ B} B9 1,476,413 4~ SNPs(single nuc-
leotide polymorphism, HLAZ% ik 22 A1 ) 47 4 3
P 2 26 B 40 M7 (MAF>5%, Bt 28 8 <10%) . 38 3o
EMMAX 3k F 5 3k PR AL 5 36 70 2 [] ) 56 R 2,
K Admixture B4R A SE 14 5 FEAE R ALK
I, emmax-kin 7T 5 55 J& ¢ R (KR, s N
emmax-kin -v -h -s -d 10, ##—F|H GEC H {4
THE ST SNP (A 508 H , f# ] Bonferrini J5 %
X b 2 PR B AT A IR, T A A FE R 4 e
PR P=4.19x107(0.05 / N, N}l 7. SNP [
AREH)

1.3 WMLBR R4y FIFH 28 3 A 55 0 = I )7
() 7 il —AC DNA $CH5 1, 38 o 7 i i) a5t 1 Hh 2
B S 043 2 A B A Rl (PIM) | b5 Ff (CER)
DL Kk 55 R (BIG) 3 A #EAA, I FH VCFrools 4k
P43 BRE 3 A BEAAR 1 42 56 R 4l A 1 e 2 A Pkt
it

1.4 ZE 7 DNAS RNARY{Z Bl DNA | H
CTAB 7% 42 HUA [R] 7 i IV A %) 55 (R 4 DNA, 252
TN A 1~ 2 em K BTREAY 50 v O 4l el 20
FTEEROM AR ; A CTAB il i 246 ; In A5 2=
B AR, B0 5 W B AR CK B R TR,
75% LPEURGUITE; HARXT, ddH,O % DNA.

RNA #EHUE A TRIZOL 357 (I H Invitrogen
o)), NE 2T B i i A Micro Tom i
PEHCE RNA (B2 BOT 4845 38 TRIZOL 5 35
WI43), FIIH 5% 5550 & Supermix (1 [ 46 5 4>
K4 A F]DFE RNA S 56l cDNA, K20 454
42 °C 30 min, 80 °C 5 s, J£17FT—40 C.

1.5 EERNRESHEEE LI cDNA IR,
Bt A Gateway %3k 1) PCR £: 57 5|9, F:5'-
aaaaagcaggcttaATGAAGCATCATCATTT-3"; R: 5'-
agaaagctgggtaTCACAAACTCTCTAA AA-3'fifi H
AL E KOD i (K% HEAY TRARAF)
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PR K CDS A Bt. PCR Y 2514 94
°C 42 1% 5 min; 98 °C 10 s, 60 °C 30 s, 68 C
2 min, 32 PM¥F; 68 °C ZEfH 5 min. BP9 15 2]
A9 PCR ;= ¥ i i Gateway o [% £ R (Thermo
fisher) fY) BP J i #% A pDonr207 A []# 4K, #1k
KIHATF I DHSa Bz 5400, 7% PCR Bk LRigk
A5 BHPE w00 A5 1) 5 A i i R 1) TC 28 AR 1)
IE i v B Gl VR A W\, 4 il 3RS
pDonr207-SIUGT75C1-like ) A 1] 4% {4, B il 1
Gateway 5o B H R AY LR J b 7% A 5 F Rk 8K
pGEX-6P-1 #fA

1.6 SIUGT75Cl-like B R #% R x R 46k X
SIUGT75C1-like i#F 17 J& #% & 11 R ik, & &K
PGEX-6P-1-SIUGT75C I-like 5t ki 53 59tk 22 K
FF B IR SZ S AN BL21 (1 M b A= 9 ) o, Sl
IPTG 5 A R AT B 43 1) 2 3 H i 6 5 PR il
A #E— LUK, IMA Lysis buffer 2z
WA TR, BT oK o 8 & 20 B A (95
N L2 SR AR AT B B ) X B 7 B AR 17 40
Mufife . LA SDS-PAGE HL KRG I 2 1 A L3 rp
A BEREN. FREAFT-80 C &H.

H H4lifk . F Lysis buffer 2% Wi 78 43 36 %
TA A WEH BRI IEHE 4B 3IEKE (35 [E GE Health-
care 23 H) ) 4l AbAE 7, N A& A E AW G
T, IR R, PG AT o Lysis buffer 2%
O (5 ASAE AR B SR BRI T FFVER T4
Jei T & A0 AT Hp I A I AR A I R R v (1
WA TR A R F]D, B 1 mL, [F] A ik 4R
I mL ZEMKEE 5~ 6 IREPW] . i i SDS-PAGE
BN TIE M M T 2B S A BE . K
W A5 4l A B B SIUGT75C 1 -like 75 [ il &
GST bR 8 I B2 85 1, B Bk & o 2 i
17 F—80 °C UKAFATHHH .

1.7 SIUGT75C1-like B9 & 5 B & M E XF
SIUGT75C1-like i 47 4 5L 4% B8 filf 1k S il 1% 5 7,
RZ N 10 uL, %A 1 mmol- L' i KR RKIKY
1 puL. 1.5 mmol-L™" UGP-glucose 1 uL. 500 ng 4fift,
%M. 1 mol-L™" Tris-HCI Z& #l i (pH7.4) 1uL Al
50 mmol-L™" i MgCl, 1 uL, ddH,0 #h 5 % 10 pL,
£ 37 °C ¥ 5 30 min Ji, fITA 50 pL T fiY Y 2
1B o RV IR A Y 4 °C L 12 000 rmin
B0 10 min, B E3H 50 pL T LC-MS K434 .

2 HR5SH

2.1 BB ARIBIERN KR GWAS EAL SIUG-
T75C1-like BB XA A S5 BsF WA TR 19 426 17
Fen S HEAT ARG AL AN, H A AR T 0 B
AT AR A B, 25 SR R R, T i TP oA R e
R-T-O-MHBETT AN & 5 5 5 Sk 14
LKAV AE 35 OCHK, 45 R R WA AR oA R
FR-T-O-F A AR 5 B8 5 Sk
A7 5 4 (&L 1-a, [ 1-b) o XA [l 5 e iy ik
B SHEAT BT, R B T SIUGT75C1-like
(Solyc05g053820) 1 I F71E—1> SNP fii i 44
B B I SRR (T 1-¢), ik — 443 Hr 45 S ¢
SIUGT75C1-like "1 11 28 2 (rs0563858446) 5 7 jifi
HOR R B R -7-O-F B WS 1 3 s % U1 DG (18] 1-d),
AR CC BIRE, T iz A G & i e 2
(P <0.001) 5 TR AN TT BA A9 A X7 &,
PRI 3 A~ SNP AT DIAR 22 3k A 356 R U 1) T g 22 2
PE, & SIUGT75CI-like 1) H #K 8t 1% 748 55 i R 7%
TRER R K B R 7-0- M A S R 2ERW
2.2 Solyc05g053820 BEEEEMBFAFILKR
MPBEE S IS IO S50 2 T 1) 2 i
X DNA £48", 3 1k 7 i 00 353 4% M P 5ok 7
Fior2E K BE A= R (PIM) . #1757 # (CER) DA Sk 15
(BIG)3 NREIAR, Z0BIXT 3 AR B 42 35 [ 4 B
R 2 S AT . ST SRR, SIUGT75C1-
like FIT AL B X 3 7E PIM, CER Fil BIG H /77 B
1 25 5 (] 2-a) o 33X R 25 1235 DX 7 2 R 40 T 7
o7 Hp PIM 25 0t 28 S B Ay 52 2y iy by o R
BERh T e A2 BN BRI T SNP 24,
PR ATTIA R i 3 PR AT BB A S b e 5 1) O
(A=

h T HE— 25 R I R R L B R R
TR IIAE, B 426 0y F 1G4 Fn s St A
BT A Mo B o S5 R ER M, SIUGT75C1-
like 1) 55 7K V-5 K B B 2 -7-O- 4 I WE T B AT
TR A IEADC( 1 2-b) , B SIUGT75C1-
like & PRI 114 153 e 5% K SF- IF 1] 4 8l A B o 28 4
1A
2.3 SIUGT75CI-like BERESHFME UFK
Jifi cDNA AR, LURE S5 91 SIUGT75C1-
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@ 3 Luteolin-O-Glu
287.055 57
co 0, ,»0 0, 0
v; 2 HO' ] @ |
>~ HO' OH I
M OH OH O
= 1
o> T
jiz 153.017 76 449.108 73
\ . L
0 " 1 " i " " )
100 200 300 400 500 2.3 4 5 6 7 8 9 10 11 12
mlz yefa i
(©) @
1372 bp SIUGT75Cl-like 4106
* ATG % 3e+06 |
' D — 4o
\ = 2e+06 |
=
50563858446 le+06 |
CCTT 0e+00 |
CcC TT
50563858446

E1 UBRBEAPARRER-7-O-BEREE S EARDMITEERB XK
(a) R FR R -7-O-FH BT PR R i & (b)426 73 T kG A 2R B0 28 -7-O- M A B AR X & e 3 T 2 SE R A 0 2 1w
R LA RS 5 S Yk A 2 SNP; (¢)SIUGT75C]-like FIFE DN 45 Hy Ky BAARE AT BR 22 5 ME 7 A5, CC M TT JyiZ%
SNP {7 51y 2 PRI (d) 21745 5P lead SNP: 150563858446 4 A% 25 S AMHT; 45 Rrpsxft 3 P <0.001,

(@) T _(b) p
= PIM == CER = BIG L y=0.531 7x+1.629 7
20} % 15} =0.4417 N
= P=7.333 5¢ !
_ L5} & -
7 = 10}
= =
E’: 1.0} =
O
1 5 |
0.5} o
o
E
0E_ . R 1 R R = 0 L L L
Chr.05 60.86 61.86 62.86 63.86 64.86 65.85 4 4 12
Pos/Mb SIUGT75Cl-like FikH
E2 HFEMARSMEZEIRZS MDA REERE S KIS EB XS

()3T 426 (y F AL 54T IR Z REVETEAS, BRRZER 7> SIUGT75C 1 -like 3R BT A 3L A1 8 . (b)426 1y T Ainf
W SIUGT75C 1-like 3 P 537K -5 AN A R 5 2 -7-O- i A BEH AR5 8 AR AR S B, SR 38 S S0 B 5 T 4
I AR TRl A F% 3% (Transcripts PerKilobase Million, TPM) J5 AR #EAL

like WIARBSF 31, BREARBE FE FL K 45 SR W /R i i B
257k 1700 bp([&] 3-a) . 1t Gateway K H
F Bty % pGEX6P-1 44K (5] 3-b), ik B
YA EIE TN, HXSERGRD pGEX6P-1-SIUGT75CI-
like ZAFGHIKI)

2.4 SIUGT75CI-like HRESIE A T ik fis e L
SIUGT75CI-like WHIRE, 4 pGEX6P-1-SIUGT75-
Cl-like ¥ N\ BL2] RIpEZA M RBEH, &id
PR IR GST SR AZHT A5 AT F TR SN

SESEIY Y SIUGT75C1 -like-GST Fil &2 11 (14 4-a) .
PR PRSI T RN A4 5 v, A R e 2% 1 2
SRR R VY, gifb )5 i) & 1 aias 30 M
PEATIEE L, 7= B E T LC-MSAr#T. M
Pl 4-b AT, AR Y SORE =90 H B A B 8 )
ik g, I FLUHC R B8 A (DR A2 2 5 4 0 ) A
TR — B0 A2 0 B PR T BT Y
I, Ui SIUGT75C 1 -like 75 [ AE 5 fit: b A 2
B R AL R .
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(b)
(6 197) Bsu36l BFuAI-BspMI (62)
(tac_promoter)
lac_promoter) EcoNI (268)
(5.747) PluTI Swal (685)
p 7(454 )7;5) IS*fol OJP031_GST (895..915)
ar
(5 743) Kasl Pal;l (9;1[11)945
SRR a‘::Bl E\d )t 960..984
2 000 bp (5 515) BssHII a apter (960..984)
SgrAl (1 074)
(5 104) Mlul NgoMIV (1 272)
Nael (1 274)
1 000bp Accl (1 303)
750 bp Nrul (1 504)
500 bp (4 787) BStAPL BsaBl (1 600)
SnaBI (1 817)
250 b %, < Mfel (2 023)
P & & Neol (2 296)
pR_promoter \ / Aval-BsoBI-PaeR7I-Xhol (2 390)
100 b \ /. attB2 Adapter (2 365..2 390)
3 BmeT1101 (2 391)

(3 600) Ahdl

EaglI-Notl (2 396)
Pfol (2 472)
PAIFI-Tth1111 (2 575)

Zral (2 679)
Aatll (2 681)

B3 SIUGT75CI-like £ E [ SH A1
(a)SIUGT75C1-like Y $E 45 B 1 B3k A SIUGT75C1-like A B, M & marker, M\ K F/IMEYR H 2 000, 1 000,
750, 500, 250, 100 bp; (b)SIUGT75CI-like T A FA MR ER

(@ (b)

1 2 3 M

70 KDa

S/ (c.p.s, x109)

fii

-
o

98]
W

OH O

SIUGT75Cl-like

Luteolin
Luteolin-Gik

-
S O

W
(9}

¥

#® Luteplin

2 4 6
(REAFTEL, S5

E 4 SIUGT75C1-like T B BIINEELSE
(a)SIUGT75C1-like & A M4tk KKl 1 ~ 3 S UkiB4i{L/E 1Y SIUGT75C-like Bl A 8 1 (ZL Ak iR ), WK IR
W55 . M Jg8E 1 marker, I\ K E/MEZK H 180 . 130 ., 100 ., 70 . 55, 40 . 35 KDa, (b)SIUGT75C]-like & 1 HIA B3 Z A
KR INERE I o AR BREL Z MR SIUGT75C 1 -like B8 [ 724 IS5 SR, B AR B2 R A Zs 2

TRyEER
3 i it

T AT ALY ZAEPE IR T N 2 AL L 5%
ZHEE . T BrBORIPR SR, mGWAS JEHEL
W 22 FE Pk BE At b DL 3 A5 8 S A ) T AP
Klein 555 s INHIPEAT T2 1 ¢ GWAS, Jf-#i5E T
FMA DT H R 1A AR S AR AR A B AR
PR DIROC . TEad 2 10 4Frp, B BE A B ]
R A A 215, D PR RIS 2R P A4 J2 o3 B A=
WA TR AR, BIE S5 AU AL A AR S i B 22
P B, A AR PR R4S, T2 RS A W)
R AR LT, WEE OB A= M~ IR R, S22

A2 M 2E BRI 4N, Shang 55 AFIH 115
AT T R0 5 R M R A T a8t A% S o3BT, A2 or
B T4 TG R R AR Y G U S — A I L
Bi JL(H, Z 5 R Z Mk F BB /R T 7 51 8
JR R R A A 9 N3, Kb Bi 78
W6 MEERTE 6 S EREHS, BT o
WR R AR WA AR 3 R K ) Chen 45 29 X
500 Z2 453 /K A i Bl B9 N E Z R AT T
mGWAS 57, 3545 600 ZA-Fefs il A &
A S B b IR A, BRE T 36 MBI R ik
177 Bk, B ATTRE 8 15 A P i KO AE A
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}i%ﬂ%%ﬁﬁmﬁﬁ%fﬂﬁﬁgé AW
X 426 0 B i AR S TARI AL A I, A R A
TP BAE A T A L R A I T, 45 R R B, T
TR R LR -7-O- A AT AR S i 5 5 5 4
AR I — A Fi PR A7 A I 5 G K, %‘zﬁ}%%m%‘w&
HORFRELR-7-O- MM T AR R R 22 5
Y A A SRR o X AN [ e e g B R R
tﬁx%?ﬁﬂﬂ?ﬁﬁﬁlﬂwnﬁahmm
TFUEAFAE—A SNP FAZH TR Z A AT i P e ik
EIIPQIRdS
#H ,\.\E%Eiﬂééé-i%@ﬂ P e W LA B Bl A £ A

WEH L A AE, 52810 5 9 R 8 2 AR T
SERI I 2 | AT IR AR T B I A
(AT IZ F PR B, f6 6 1 13RIk 2L plE
TE— RFNAEST X 1 0 2R (1)1 ik PR A e PRk
B A P, Zhao 257 [ IS £ W, Z25W)
R Z AN E T (MATE) X 2 L2 K 301
MAET B BA BRI Re f1 . 1ah, Mg
YA R DR S B s Ak 5
B2 T B R 3-O-FEH B E I 2R 2T 5 et T

W, Liu S50 & B, KRR E R IERSNSL G RENS
TR BT AR FH , AT A Ja 0 3% 4 4 M1 K
RAFARGF RSN R T RE, B IL, & A 5K m AR
R B AR Y RENS B MBI RAEACHIN . 1
AHFFEIIE T SIUGT75C1-like 7EARAMAESS fHEAL A
JR R MR R AR R R R R -O- AR, (HAE TR
TN Y 2 Fl o A AR Ak S S B A P
AU FEIFSE
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Functional study and natural variation analysis of

glycosyltransferase gene SIUGT75C1-like in tomato

XIANG Lijun, LAIJun, GUO Hao, YANG Jun, WANG Shouchuang
(Hainan University, School of Tropical Crops/Key Laboratory of Sustainable Utilization of
Tropical Biological Resources of Hainan Province, Haikou, Hainan 570228, China)

Abstract: In order to analyze the natural variation related to luteolin glucoside content in tomato population,
426 tomato samples were used as materials to performed metabolome genome-wide association study
(mGWAS) analysis, and found that there was a mutation site downstream of tomato SIUGT75CI-like gene
which was closely related to the content of luteolin-7-O-glucoside. Furthermore, the nucleotide polymorphism
of the whole genome was calculated in three subgroups of tomato population, and it was found that the region
where SIUGT75C1-like was located was obviously different among different subgroups. Further analysis of the
correlation between metabolomics and transcriptome data showed that the transcription level of SIUGT75CI-
like was positively correlated with the relative content of luteolin-7-O-glucoside. Finally, the fusion protein of
SIUGT75C1-like was obtained by prokaryotic expression of the protein, and the enzyme activity test in vitro
showed that SIUGT75C1-like catalyzed the glycosylation of luteolin. The results indicated that the natural
variation of SIUGT75C1-like gene causes the content difference of luteolin-7-O-glucoside in tomato population.
mGWAS has a large advantage and great potential in identifying new plant metabolic gene clusters, and is
important in providing the molecular basis for fine plant breeding.
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