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W OE AMHH N UDP-E RSB 5 2B F T BB ARG RE A, XS B RNKAAF WMt B A
XA, R A RT-PCRBZA R L %25 %N UDP-# A 48K W 5t B A& e #1794, @ Ear Rk ke F PCR
(qRT-PCR) . 2A ACTIN h A AL B 5 Ak ZF0 2 A &K UDP- A #4BAHERR AR ET VP RAMNE,
LR AN R3] 2 A UDP-4B R #4585 L B, 5 %125 1 546 bp #= 1 559 bp # cDNA 4% 53| .4 % 4 UDP-E1 %=
UDP-E2, *T¥ 3&35K1F 64955 347 2 F15 8547, % & UDP-E1 Jk B # % % JF 3% 0 i 42 (ORF) 24 1 314 bp. 7 4
BB A3T A 25T EH 49.02 ku, F & 5 H 5. 99, &4 T & &, Genbank & 5 MK576125, UDP-E2 A K &
ORF 4 846 bp, T4 Ay F A8 281 AN, w4 F %4 32.78 ku. F % 5 4 5. 23, B R & Z % 9, Genbank & % 5
MK576126, X 2 AR E B FAEAHB 82 Rk, UDP-E1 4= UDP-E2 3 5 &K .3 Nt UDP-#5 & # 4 8 & B 5 51
ARG, EEMREFT Y . UDP-HBAHBEYA KL, LEZE P REKFRK T FREKRPRZ.
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Cloning and expression analysis of UDP-Glycosyl transferase
gene from Citrullus colocynthis L. Shrad

CHEN Meng' . YANG Minghui', LIU yue', LEE Sanghyeob?* , LIU Haifeng'"
(1. Agricultural College, Yanbian University, Yanji 133002, China;
2. Natural Sciences College. Sejong University. Seoul 999007 South Korea)

Abstract To clarify the expression pattern of cucurbitacin glycoside catalyzed by Citrullus colocynthis L. Shrad UDP-
glycosyl! transferase. The C. colocynthis L. Shrad “WM9” variety leaves were used as the test materials. The C.
colocynthis L. Shrad UDP-glycosyl transferase gene was cloned by RT-PCR and the physicochemical properties of the
encoded proteins were analyzed. The expression patterns of two C. colocynthis L. Shrad UDP-glycosy! transferase
genes in different tissues and organs were investigated by gRT-PCR and ACTIN as the internal reference gene. The
results showed that: Two UDP-glycosyl transferase genes UDP-E1 and UDP-E2 with full-length cDNA sequences of 1
546 bp and 1 559 bp were obtained, named. The results of biological information analyses determined that the complete
open reading frame (ORF) of the UDP-E1 gene is 1 314 bp in length encoding 437 amino acids, and its theoretical
molecular weight is 49. 02 ku. The isoelectric point was 5. 99 and is a stable protein. Genbank accession number is
MK576125. The UDP-E2 gene has an ORF of 846 bp and encodes 281 amino acids with a theoretical molecular weight
of 32.78 ku and an isoelectric point of 5.23. It is an unstable protein and Genbank accession number is MK576126.
These two genes belong to the glycosyl transferase superfamily. Sequence multiplex alignment and phylogenetic tree
analysis showed that the genes UDP-E1 and UDP-E2 have the highest similarity to the UDP-glycosyl transferase gene

sequences of melon and cucumber. UDP-glycosyl transferase was expressed in all tissues and organs, and the
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expression level was the lowest in stems and the highest in leaves. The expression level was the lowest in stems and

the highest in leaves.

Keywords Citrullus colocynthis (L.) Shrad; cucurbitacin; glycosyl transferase; gene clone; real-time PCR
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AAFE VL2V IR (C. colocynthis 1. Shrad) f§ Fift
“WMO” S g6 b4 kL, FORE PG JIN UDP-4 5% 4 il 5E
K cDNA J¥ 51, JF X5 4 21 888 B X i 2 R 3R ik
AT AT BTER W MR E A E il b 2
W AR A OGN R L LU # M R E
T 2 F) ) $2 AL BB AR 4

1 #MH5RFE

1.1 #E¥a#
2575 JK R (C. colocynthis L. Shrad) “WM9”,

T B U5 ok [ ] S KA A ) BIE 5 B AR ) AR
MM TIE R R r B SE R FE . 7R 24 0 AR
Koot B SR AW 58 B L ARG RI JO R IR A I R, Sz RD
B TWARE . —80 C LRAF A A A HL
1.2 RBHE
1.2.1 31 4&4t

AR 356 R 0 i S a0 4 R R 1S B Y 22 S 3 s Sk
DLEAT D42 5 B I8l 25 A % il ik D) e 31 AT L
XT . LAB AT 2 A UDP-#E 5 576 3 il 52 X 4 17 31 )
S0 B T T 324 ) S AE S 2 % ¥ 51, ie F Primer
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Table 1 Primer design

£ Fr Code ¥ %1 Sequence (5'—3")

El-1 F 5" TGGCTACAATTATAGACATGS'
El1-1 R 5" GGCTAAGCACAACGAAAS'

El1-2 F 5" TTATCCAGCACAAGGCCATGS'
El1-2 R 5" ATGGAGCAACAAACCTATS'

E2-1 F 5" ATTTCCATTACATCCCAAGA3'
E2-1 R 5" CTCCTCCACTGTGCTCATCS'

E2-2 F 5" TGGACGAGTTGAGGGCG3'

E2-2 R 5" CATAGTAACAATAGGTGGS'

1.2.2 #®ArtH & RNA 4R R & cDNA %%

B2y 78 R Ao Bk 2 R AR RNA 42 B 5
#1. % Eppendorf 2B K AR DI 4 4% B9 RNA, fifi
H Promega 2\ 5] A= 7= 14 )2 55 s 50 &, & B cDNA
(5 — S . X 25 7 JTOA [R) 20 248 1 BURE 4 31 ok
Pl B 2 AR 2R i R ORI 4 R () O ok R B
HAZEE RNAFF T e 5k 8 T —80 CIRAFA#&
M. RIS 5L 51 917 PCR 971 ok 35453 B
MR By, 73Kk &:.Ex Taqg 0. 3 pL, 10 X E
Taq Buffer 2. 5 L., 2. 5 mmol/LL ANTP Mixture
2.5 L, cDNA 0. 2 pL, E R4 518 0.3 ul,
ddH,O 18. 9 pL; ¥ #FJ¥ .95 C fi A ¥ 2 min;
95 °C A5 30 5,60 C (E1-1)/60°C (E1-2)/58 °C
(E2-1)/59 °C (E2-2) 38 %k 30 5,72 ‘C #Eff 2 min,
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35 MBI, 72 CLAFEM 5 min, 8 AT LT
PRV PCR A I . 4 BH PE 5 1 1 AR 2 3890 A T A=
YA BRA R I Y
1.2.3 AHEEFHONIA

iz ] ProtParam & 7 #l il 85 (1 57 38 Ak 1% BT, )
HE

http: // web. expasy. org/protparam/

iz F NCBI K i ) Conserved Domain T. H. fii
DA PR SF X R

http: // blast. ncbi. nlm. nih. gov/Blast. ProtScale

iz ] ProtScale # 4 73 #r 8 11 5%/ K £, ™)
HEH

http: / web. expasy. org/cgi-bin/protscale/
protscale. pl TMHMM

iz i TMHMM Server v. 2. 0 & % fil TMPRED
FRIT 43 A 5 R 25 4, P ik

https: // embnet. vital-it. ch/software/ TMPRED _
form. html

http: / www. cbs. dtu. dk/services/ TMHMM/

iz [ Signal P4. 1 Server ¥} #rE H 27 H
AAF T IR PHE S

http: / www. cbs. dtu. dk/services/SignalP/

iz Fl Predict Protein 23 U 2 11 S 4544
Ak

https: / www. predictprotein. org/

iz | SWISS-MODEL 2 )7 %l & 11 = 94544,
41k

https: / www. swissmodel. expasy. org/

iz 1] DNAMAN 4t 47 7 51 2 8 X .

iz ] MEGAS. 0 #f 8 & 48k & SEAL
1.2.4 %@ )N UDP-#5 & # 45 8 K B /£ 1 R 28 27

Wy Fk AT

fii ] Primer 6. 0 #fF AR 48 O & w1 2 1
UDP-H 35 7% g 5 X 2 K 5 41, it 9O & 51
M., N = R % i ACTIN ( Accession No.
AB073011), ¥ i W31 % ¢ % 0 . E1-F. 5'-
TGGGCTTTAGAAGTTGCT-3'; E1-R: 5'-TTT-
CTGCCTCAAGGTCAT-3', E2-F. 5-GTGCC-
AATGCTTACTTATCC-3'; E2-R:. 5'-CCTCA-
CCTCTTTCCCTTTT-3", MFhF #2425 b
FIR S UE B B cDNA AR AT % H— ik ik
Wi 1,5,25,125 F1 625 £ 5 4> B8 B2 ok i 45 b o th
2o, N 3 A H KL I AR &R 2 X SuperReal

Premix Plus 10 pL.10 pmol/L B9 1E = In] 5| ¥ %
0.6 uL.cDNA #ijf 1 1L.50 X POX Reference Dye
0.4 pL.RNase-free ddH,O %b & SRR 20 pL;
SRR 95 °C Wi AE P 15 min; 95 °C ZE 1 10 s,
60 “C(E1)/58 C(E2)iR k 32 5,60 “CHEff 32 s, 1/
P40 . PHEJE X PCR ) R A7 06 ik i 2k 93 47
FIHT MxPro {4 4 BRACHE

2 HRE5SH

2.1 ZAHE/K UDP-EEEBEERE cDNA HTiE

PLZG P I | RNA U 7% 545 89 cDNA
kAR, A 5514 E1-1 F.E1-1 R.E1-2 F.E1-2
R 3 264 A1 337 bp WY — KB HFIIH 2 4
SED R B 2578 N i RNA R 7% 515 21 11
cDNA Rt , iR al4 E2-1 F.E2-1 R,E2-2
F.E2-2 Ry "3 1261 bp #1336 bp BY%E . 45%
JEEIY 2 A HE B R B, 43 0 BE AT LT PF 4L 15 3
1546 bp 1 1 559 bp AU H Bt. o Bl &4 A
UDP-E1 fl UDP-E2([& 1) .
2.2 AN UDP-BEEHBHBERNENEEES
R

% % )\ UDP-4% & 45 4 8 & B & & 224
P K TR 2 R

i F§ ProtParam #{Fxf UDP-E1 #)3 4k ¥ i i
T30 %L R GifiTh 437 AN IERR . 5y F 8 49. 02 ku,
Pl 5.99, A (Lew S Eim A 11. 7%, B #R
FIR(Tra) S HRE N 1. 1%, IFE#H sk 3 (Arg+
Lys)47 A~ i ff a8 35 (Asp+ Glu) 53 4>, g I &
SERHEEL 104, 85, REaE F8 8 32. 82, WA E I,
Xt UDP-E2 1) B Ak 50 547 20 B7 » 32 3 X 4 7% 281
ANE IR 4 F & 32. 78 ku. PI Ky 5. 23, RAMR
(Glw &t R 10, 3%, 2P &R (Cys) & it Fe ik
g 1. 4%, IE HL R AR BE (Arg + Lys) 30 A4S, £ B, faf 4%
FE(Asp+Glu) 39 A, IR & FE R TE 5L 77. 62, AN Fa
SEFRHCK 52. 20, R Ea 2 B L. 7E NCBI M 3
A Conserved Domain T.H A7 CD-search i
TTY) sl oA, 45 R R W] UDP-E1,UDP-E2 41 &%
WL RE B GTB R 5 05 (1 45 F 38

i# 11 PredictProtein #2 5 7 U] 43 #7 & (9 UDP-E1
1 UDP-E2 ) — % 45 #4, UDP-E1 & (P fF 17F
37. 76 Yo W TCILAE M - o BB IE AN B4 B 43 591l o 40. 5020
M1 21.74% ., UDP-E2 % [ W 7E7E 44. 84 % () To 35
s o BEE R 3472553 3 i 35. 59 6 19. 57 %,

2.2.1
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264 bp

(a) UDP-E1FE[H F Bt
(a) UDP-EI gene fragment

bp

2000 1261 bp

1 000
750

336 bp

500
250

100

(b) UDP-E2 348 i B
(b) UDP-E?2 gene fragment

M.DL2 000.1.UDP-E1 %5 — R Bt ;2,.UDP-E1 (5 — Bt ;3. UDP-E2 (55— F Bt ;4. UDP-E2 %5 — Bt
M,DL2 000,1,The first SEQ of UDP-E1;2, The second SEQ of UDP-E1;3, The first SEQ of UDP-E2;4, The second SEQ

of UDP-E2.

B 1 PCR ¥ 1% UDP-#E R &% EE [E UDP-E1(a) %1 UDP-E2(b)
Fig. 1 PCR amplification of UDP-glycosyltransferase genes UDP-E1 (a) and UDP-E2 (b)

2.2.2 #HWoKNUDP-#BASHARNHLE G R
[ TR P B 3 AL AT AT

R Y5 Z E By i A AL UDP-E1 5 6
JI UDP- 4 3 5 % i 2 ] (XM _008461160) , # JK
UDP-#5 55 7% g 35 K (XM _004141535) (1 /5 31 4
RUPE e & 430 S 99 % i 96% . UDP-E2 5 &R
UDP-4 %5 %5 5% Wi £ [ (XM _ 008460479) . # JK
UDP-H 355 5% Bl 55 [ (XM _004148655) 1 JF 51 4
U e 4300k 99 Vo 92%

il MEGA 5. 0 8, % 245 75 N UDP-# 3% 5%
RO 5 H A A 4 UDP-WE 5L 55 8 i #4 2 & 48 F 1k
B UL 2, 2576 ) UDP-WE L5 B i 56 9 1 55 & I
BN UDP-W 5 2 B il 55 [H] 1) 0% 2 Pk B i
2.3 AEN UDP-EEZBBERERRARH

K RIE 5

&3 A, 2 A2 T UDP- B 5 5% 74 i 58 8 75
ANFEHLARSE PR AR . AR AR XS R IA
LA PRIC RS N R R A SA T . 50K 2 A
T2 A 6 BUE P 3ORE Y G B UDP-4
S REBGAE 6 PR Y A SUrh A Rk I E R R
IR IRV B I s I SRR K B

3 #

BT HH 8 B2 P I L P T K A% 55 Fh S INAY 4 7
AR SR R EC I B Y F CuB, CuE Ml
CuE-Glu, £ 3 MaYI#E & &, EZ PR

RRELH T S AR, o — IR S T 25 78 N 245
WEFE A 72 25 75 K4l & b CuB, CuE 1 CuE-Glu
3R R AEAE . MR A CuE, SRR Y
LS H CuE-Glu H & E7EX 3 MY # B h &
i TR 2 A A PR A A
R 0 SCHEi — UDP-WE S L B Il 8 7 25 v Rk
IRV F A e e 3R KO- B v s T HE DN 24 75 ) UDP-
E1 5 UDP-E2 5 CuE W& WA & HAZ B T V¥ 4
. 4hiih CuB.CuE 1 CuE-Glu X 3 Fh#i £ 14
FTE B 52576 )R UDP-E1 5 UDP-E2 (& 52
FHOE I 2 AN 35 X7 40 0 mT RE X 2 R A
BUR B BUE B R S 58 Z A . MR
S A %5 Y CuE-Glu, sk 2885 7 2 o 5 265 75 JINAY
Wk, H UDP-E1 5 UDP-E2 iX 2 A~ 7E R 90
SR G RS CuE-Glu & B 24 b m
AT £5 A CuE-Glu J& 25 74 I oA W A E 4
B KL BFSE 2575 K UDP-E1 5 UDP-E2 %f CuE-
Glu 6 BEA 83 5 L

AR SRR T IR R S R AL 3L L O
HEATIE PR R s B 2 A S B A i fb )
BB FIE XS B R T RE . W A% UDP-BE R 5%
FEBGRE e AL 2 R B U# A BRIk, (22 R
UV ST R AR R R IR A H A R
WEIEATIfE . Ao 3R W A 0 1 A KR T A 5
Sl &P S G N, AR <13 C = >30 CHY,
BN A 25 I R s ThogR R T A 51 R G 5 5]
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XP_022134251.1 FMUDP-ERLEIEEE Momordica charantia UDP-glycosyltransferase
XP_008459382.1 FH/MUDP-HERIEIZEE Cucumis melo UDP-glycosyltransferase
UDP-z1 EFMUDP-BHEUEISEECitrullus colocynthisL.) Shrad UDP-glycosyltransferase
XP_00414£1583.2 HW/MUDP-PERSEIZEY Cucumis sativus UDP-glycosyltransferase
XP_022328984.1 FHMUDP-IERIEIEEY Cucurbita moschata UDP-glycosyltransferase
XM_023083216.1 FMUDP-HERSEIEEE Cucurbita moschata UDP-glycosyltransferase
XP_023549824.1 FEAHSUDP-RESSISECucurbita pepo subsp. pepo UDP-glycosyltransferase
X _023633356.1 FEAIAUDP-BREUSIZES Cucurbita pepo subsp. pepoUDP-glycosyltransferase
XP_022993600.1 HBMUDP-EREIEE Cucurbita maxima UDP-glycosyltransferase
XP_021602070.1 KFUDP-ERIGIEEE Manihot esculenta UDP-glycosyltransferase
KP_00227€304.1 FRm{iEUDP-YERSEIZEE Vitis vinifera UDP-glycosyltransferase
XP_021806435.1 EHIEHLUDP-SEL4EIZES Prunus avium UDP-glycosyltransferase
XM 021949931.1  FHIEHUDP-BARSEIEEE prypys avium UDP-glycosyltransferase
XP_D09360530.1 chE{RUDP-IEREETEEE Pyrus x bretschneideri UDP-glycosyltransferase
0.05  EtfEIEE

Genelic distance

A¥K92491.1 BNRUDP-BEEIBES Siraitia grosvenorii UDP-glycosyltransferase
XP_008458701.1 W/MUDP-ERSEIZEE Cucumis sativus UDP-glycosyltransferase
| | uop-22  EAM UDP-WERSEISEE Citrullus colocynthis(L.) Shrad UDP-glycosyltransferase
XP_004143703.2 W/MUDP-ERLEIEE Cucumis sativus UDP-glycosyltransferase
XP_004151052.2 #WMUDP-§EELEIEEE Cucumis sativus UDP-glycosyltransferase
XP_022938572.1 FH/MUDP-#ERSEISE Cucurbita moschata UDP-glycosyltransferase
XP_022993595.1 SHMUDP-YEES6ISEE Cucurbita maxima UDP-glycosyltransferase
XP 023549931.1 PEAAUDP-BARUEIZES Cucurbita pepo subsp. pepdJDP-glycosyltransferase
XD 022741636.1 BEUDP-JEESEIZEE Durio zibethinus UDP-glycosyltransferase
P 015879167.1 ERBWUDP-YERSEIZE Ziziphus jujuba UDP-glycosyltransferase
XP_023317824.1 ERAIGHUDP-IEELEEIEEE Quercus suber YpP-glycosyltransferase
0.05  fLiEs
L—1 Genetic distance

E 2 UDP-E1(a) UDP-E2(b) & E LB 447
Fig. 2 Phylogenetic tree analysis of UDP-E1 (a) and UDP-E2 (b) genes

08 —(ﬂ) } % Lor (h) %
% 0.8.—
z 0.6 &
i = i =] ] Ed
) X 5 06
X o4l ®e
X = = .z -
z :; :E'—‘z 0.4
02 =
0 L — . ) 0 P — . )
Y F R E0 RA Y ZF R £ RA
Seed Bud Root Stem Leaf  Pulp Seed Bud  Root  Stem Leaf Pulp
ZH4 Tissues ZHZ Tissues

3 HAENAEHLELH UDP-E1(a)Fn UDP-E2(b) & FE &R &5
Fig.3 Analysis of UDP-E1 (a) and UDP-E2 (b) expression in different tissues of C. colocynthis L.. Shrad

RAP N RE R A S INE R, $I R B X TR S UDP-E1 5 UDP-E2 25+
B G AR AT 2 R SE I — B R A PRI B AR ELAE IR R . AR o 7E T 28 J7 4k i 4b
BT R AR R, AR R AT L SRR P AR N2k B ik o8 4l Ry H Ah LR B
TE R R O T R A R B, ke RUREDT . IXPRRE ) AR ORRR BE b IR PR B X R 4 7
MAE 1 4R FREE 25 75 I UDM@%W@AWF%{S PR A AR o TS R BE T R TR B A P
TR 1 75 Ak T ok AR 25 1k A B L 2K R SRR R B 2K 58 Z FhopL I B AR R AR L H A A A 2R K
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KB RS ACHHE B MEWR R i # s R
B & it 20 5L R AE 7 i IR AE P # M R
B G R AR Y Pk A 2 5 A0 A 3
5SS L2595 N UDP-E1 5 UDP-E2 fEM R P iy &
B ZEAZ AR N A A% P AR 2 SOk B —
o S 87 £ AR 285 AN O R A R A B R AR A
AR 2 33k Fofr 980 45 ML 1 o R v ) i O S B ) EE B3R
2GR 2 A UDP-ME L6 B il fi Ak o 25 R
A=y B R OBE Y R 52 TR T R ) R A 5 5 14 RE
J1 AR A B 7 A B A 2 A R S AR
SEL R AR g AR bR A1 SR B 1Y 45 9 4 4ot
FEHR S HEAL A 3 B AN AT A3 IR R

4 % it

AR O AT 2 (1) 25 A 22 5 63k 3 I UE AT PF
Bz, 5 O SL G RS B SE D9 Lt ) s DL 2 A4S 38 JTORE 2k
RN P 5 Sy 2 2% 1y 51 LAE RS IS o
PR E i s 2570 N 8 RNA U 3 5 i1
cDNA B R . 3545 P9 Be UDP-Wl 58 % 7% il JE (5
Bty Wl 4 4 UDP-E1 # UDP-E2, #4741
B30T B UDP-E1 . UDP-E2 ¥ 5% KA
K UDP- e 5 7% g 5 PR 90 AR LPE B v o
Gkt . X UDP-E1 fl UDP-E2 f£ A [6] 41 21
(2R AT 2 BT, 6 B P A 8L R AT 3k L I TE
AP RBACFEAR, i RIB A e . W2y
PG I UDP- 4 55 B il i Ak 85 7= R 2 U0 = 3R e b
TG R R A% PR A — o 1 He KR A
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