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Cloning, analysis, and expression of limonoid UDP-glucosyl transferase gene in
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LUO lJing, PEI Jin, KANG Ya-lan, LTU Wei, LIU Wei, CHEN Cui-ping, WU Qing-hua
Ministry of Education Key Laboratory of standardization of Chinese herbal medicines of Pharmacy, Chengdu University of
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Abstract: Objective To cloning limonoid-UDP-glucosyl transferase (LGT) gene in Citrus reticulata, analyze the bioinformations of
LGT, and compare the expression to provide the foundation for the composite and regulation mechanism of the active ingredient in
Citri Reticulatae Semen. Methods LGT gene was cloned the protein characteristics were analyzed using bioinformatics and
constructing phylogenetic tree. The expression of LGT in the different parts was analyzed using real time-PCR. Results A 1 530 bp
LGT sequence in in C. reticulata, was obtained, which had a 1509 bp ORF and could encode 502 amino acids. And protein analysis and
forecast of its secondary and tertiary structures were carried out. Gene expression analysis revealed the expression of citrus LGT was
the lowest in semen, and was followed by skin, and the highest expression of fresh. Conclusion LGT gene of C. reticulata, and is
successfully cloned, analyzed, and expressed a basis for the study of matter in the synthesis and regulation of limonoids is provided.
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1.1 ##

NEMT T 2013 47 12 JTR T DY NIAAVHTE L, Bk
b B 24 K 2y 28 B U M 0 Tl 25 7 R W R AT
Citrus reticulata Blanco cv. Ponkan, HSZUiF, &4
WY DEPC JKALH, BB R Witz By
JE LA R P RAE, Al ASEEe =, T80 ‘CIK
FifRA7. HT RNA $HL.

Trizol & RNA #2071 (TIANGEN), 2XTaq
PCR MasterMix (TIANGEN), ddH,0 (TIANGEN),
cDNA J #3158 (TOYOBO), THUNDERBIRD
SYBR ¢PCR Mix (TOYOBO), % 1Jjfit DNA 4lifk ]
WA & (BioTeke).

1.2 RNA $ZELF1 cDNA &5

ffH Trizol & RNA FEHA 43 Jill S HO 5
15 A LB 1% P s RNA G TR LR o 3 4517 (1)
& RNA AT R, ¥ N 4% cDNA £ s
U B AT .

1.3 LGT ERARESNF

WA SCRRRESILGT JEH, A AE Primer
Primer 5.0, {E£k 4K 1} http://www.yeastgenome.org/
cgi-bin/web-primer 117514, WK 1. Ll cDNA 4
B, Al 2X Tag PCR MasterMix 43 3£47 PCR
P, KR 20 pL: 2X Taq PCR MasterMix, 10

£1 319&it
Table 1 Primer design

i SIIFAI(3—S5)
5191 IEM: ATGGGAACTGAATCTCTTGTTCAT

[ If: TCAATACTGTACACGTGTCCGTCG
519 2 1E1): CGGGATCCATGGGAACTGAATCTCTTGTTCAT

I} : CGAGCTCTCAATACTGTACACGTGTCCGTCG
514 3 1E 1

JIi: GAAAGGATAAGGAGTTGACGGATGC
5141 4 IEM: TGCTATGCTTTGGGTTCAATC

K Ji: CGTTGCCGTCTTCTCCACTA

GCTGCTTATTACCATCACTTTCACGG

uL; IERSGIY), 1uls KIS, 1 pl; cDNA R,
5uL; ddH,0 3 pL. %4 510 94 °C, 3 min;
30 fiFFF (94 'C, 30s; 55~65 C, 30s; 72 C,
1 min); 72 ‘C, 5min. PCR Z5JLBEAR ARG, %
Tyt DNA 4y [nlii & (BioTeke) ik PCR
P, AR T AR TR PR W
14 LGT &¥MEEES

i FHAELE 4R A http://www.ncbi.nlm.nih.gov/gorf/
gorfhtml, K LGT JE PRI IF B 52 HE Copen
reading frame, ORF), FF3R1GIH G0 & (T4
i FHAE £ 4% £ http://blast.ncbi.nlm.nih.gov/Blast.cgi,
W4 RS NCBI 28 s K 2R I HEAT X HE 73
Hrs A MEGA 5.1 4 45 RAHBIEL 90%LL L
%) Bl LGT #y gt Wt AL W . A ] A 2 3 T
http://web.expasy.org/protparam/, #1425 [ i
Joo 5 i) — g H5 W . 12 Fl SOPMA K ff
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page =
npsa_sopma. html FMREA LGT 85 1) 451
i HH SWISS-MODEL #k fF http://swiss model. exp-
asy. org/workspace/ X} H = 2 45 R AT 34T o
1.5 HEHEE. R, %1% LGT EFEFKIX

i SCik R aE, 58] LGT FY real-time
PCR 51975 FI N 25 B-actin If) RT-PCR 51 9))7
b, W 2. ¥ HI/KZR 20 pL: Thunderbird SYBR
qPCR Mix, 10 puL; IEM5[#) 1 uls KIn 5140 1 pL;
cDNA #iti, 5 pL; dd HO, 3 pL. ZE5|W5 1
Mk, Jafm Mg Kbkt Ze, #%%¢ RT-PCR 451
95 °C, 2 min; 40 MEHF (94 °C, 15s; 55~65 C,
45s; 60 C, 45s). 65~95 CHATHR LT
FEANRSELLERE 0.5 °C BTFe B 44 E DR R 5K
ANFRB Sy LGT 2K M B-actin FERI R IE & .
¥l il Bio-Rad cycle 1Q #EAT/ T, Fl 27273k
PRAG LGT S A AR ik
2 HRE5SH
2.1 RNA RERER

Trizol 2 HUIT S RNA 5403l 6 i kil 52

R2 p-actin 1 LGT ZEE3|4F75
Table 2 Primer sequences of f-actin and LGT genes
FER 2 A (3—5)
B-actin  1EI1]: CCAAGCAGCATGAAGATCAA
JxIfl: ATCTGCTGGAAGGTGCTGAG

LGT 1IEF: GCTGCTTATTACCATCACTTTCACGG
K : GAAAGGATAAGGAGTTGACGGATGC
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Azeo F1 Argor Argo/Arso 4 2.0, B LUK AT i
Wr 3 2%, ATHTESEs, WK 1.
22 LGT EFEmERNFL

19 2 fEY W44 94 °C, 3 min; 30 {Eﬂ(94
‘C, 30s; 58 C, 30s; 72 C, 1min); 72 C, 5
min F, A[LLFE] 1 000 bp 2247174, LI 2.
W45 1 530 bp (F1)751.

5 1z 5 RNA

Marker =)
10 000 bp|

3000 bp N

1000bp

500 bp

2 PCR F=HERR Rk E
Fig. 2 Gel electrophoresis of PCR products
P, Hrh 5 RIBHEYITEIRE Citrus sinensis L.+ B /R )
TV H C. clementina Hort. ex Tan. %%t C.
paradise Macf. AR 43511 100% 99%- 98%.
FAIIEIR 90% LA BT LEXT &5 5 AT MEGAS.1 f4 4
A, LK 4,

18 1L ProtParam T LGT H M4+ A
CasssH7642N1530019328 308 XS 2 7ot E 4y 125 629.8,
PR AF AL AU 4.99. XHZEBER 7 AT SR K M
3N, AR S, BOARKR R AR R IL I
PARFRRIRIRIE I GK  SRKRe PR, IEAE B,
FUE AR K. MEHT LGT & 1 s K M B K AE A
2,111, e/ MEH-0.567, B-FEBKIEE (GRAVY)
3 0.711, FH A g KPES H . SOPMA HA-Fiti
RERT LGT S B & ol et 40.24%, B-
Fefli 4.18%, MW E 41.04%, SEMEES
14.54%, 250K 6, SWISS-MODEL X 1L — 2% 4
FREAT T, 25 R WL 7

i S RNA
1 Trizol ;A#2EY RNA A% F3 ik &
Fig. 1 Gel electrophoresis of RNA extracted by Trizol

23 LGTHEYMEEFESHER

Mo MR, MM LGT 2N 42K 1530 bp,
f5—BL 1509 bp ) ORF, Zwfid 502 ANl 4H Ak
MEE, WK 3.

¥z & (B NCBI L Blastp LU &I, 1%
B T B R N K . Lo 2 R R, A
Mt LGT 55 5 100 43%h NCBI |8 5% (A A AH A

| atzzgaactgaatetetigttcatgtettactagtttcattecee
m & T E = L ¥ H ¥ L L ¥ 35 F P

46ggccatggccacgtaaacccgcttctgaggctcggcagactcctt
¥ ¥ F L L R L ¢ E L L

91 gcttcaaagggtttctttctcaccttgaccacacctgaaagcttt
S K G F LT LTTTPE S F

136ggcaaacaaatgagaaaagcgggtaacLLcacctacgagchacL
K g MW R K A G HF T Y EF T

181ccagttggcgacggcttcattcgcttcgaattcttcgaggatgga
F ¥ ¢ 0 ¢ F I ERETPFETFTFETILDG

226 tgzgacgaagacgatccaagacgoggagatottigaccaatacat s
D ED D P EREGTIL DR ¥ M

271 gcLcaactlgagctLatlggcaaacaagtgatLccaaaaataalc
A B E LTI s ER ¥ I F EKETITI

316aggaaaagcgctgaagaatatcgccccgtttcttgcctgatcaat
K 5 & E E Y R F ¥ 5 C L I H

406aacccatttatcccttgggtttctgatgttgctgaatccctaggg
P I P G

451cttccgtctgctatgctttgggttcaatcttgtgcttgttttgct
F A L% ¥V o 2 C A C F A
496gcttattaccattacttccacggtttggttccatttcctagtgaa
¥ ¥ HY F H G L ¥ F F F 5 E
541aaggaacccgaaattgalgttcagtlgccglgcalgccactaclg
E E I D ¥ Q L P C WM P L L
58@2eEratzatgaastgoctagottctizcatogtcaactoctiat
K HDE ¥ F 5 F L HPF E TTF Y
631 ccuLct1gagaugagcuttuzgggcagtacguaatcu.ggc
F L E R A L 68 Y E N L G
676 a-gccguugca{augLnguacutctaxgagcugagua
P FC XL L T F YT E L E K
721 gag‘a.ttattgallncalggcaauatclgccc{alLaucccgl.c
I I DY MOALETITCT EPIZEKTEP V

766 & ggl:cctcigttcuaaaccctaugctccaaccttaaccgtccg\:
P L FKHXPFEAEPTLTUVHER

811 gatgactgcatguacccgatg\nxtgcatagal:tggctcgacm
D cmKPBECIDE®¥LTDIDE
aagccaccatcatccgttgtgtacatcictttl:ggcacggttgtc
856k P P s s V¥ Y¥YISTFGTWVYV
tacttzaagcaagaacassttgaagasatt zoctatgoat totis
0ly . K @ E @ ¥ EE I &TALL
asctogggzatitegttettotggstgatcaagecgoegootgea
946w 5 6 I S F L % ¥ I K P P F E
cactotggegtieaaattettgagetcocagatezsttet togeg
9] s ¢ ¥ K I v E L P O 6 F L E
aasgttzgazateazsscaaagtizstzeaatsgagstccacaages
1036k ¥ ¢ 0D K6 K ¥ Vv Q ¥ S P g E
aaggtztizgoteacoctaghstizottgottigt zactcactge
1081 K ¥ L A KW F S V A CF ¥ THC
zgctszasctcaaccat ggagtegt t cgeat cggesstgc csgts
11265 % K S T M E S L AS 6 ¥V P ¥
atcaccttecogeaat zggst galcanglaactgat zocat stat
1171T T F P @ % € D o ¥ T D A 0 ¥
ltwtgtg&lgtgllqamqngglttangatLglgqnglggag&g
1216 € 0 ¥ F KT G LELECERGE
s:ngagancagulaatl.lcauszgatgAAgtuagaugtgcl

¥ I E I v K T!

1261AE H R

|:tcgusscvu:uccssncctasas:sscgs.s tguuagasauc
A A E L K E H

1 306 E A T A G F R
teg-tleasgtegungaaggagecsgacgangcigtegccgateet
S L EW EKE AEZE ATV A D G

1351 ssct=stcssutnssun¢4tt=n;s=u.l:stx;ntsaestua;a
" 2 A n E

1 396 ag.ga.gn.gtgtcgasauataucagngdaa:lagngteaelc
E R & ¥ EI I TS 3 KS KE V¥V
1 441 cacagagttasggaattagtasasaagacsacanscgacesatass
HE Y KELVY¥ EEKTAT AL N E
1 486 =sggtagsaticgtgsagicatsa 1509
E Vv EL V¥ E 5 *

B3 Hith LGT EERBHSERTFT
Fig.3 Amino acid sequence encoded by LGT gene in C. reticulata
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Fig. 4 Phylogenetic tree of LGT gene of C. reticulata and

other related species
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Fig. 5 Analysis of hydrophobic LGT protein
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Fig. 6 Two-dimensional structure prediction of LGT protein

2.4 Fiff LGTRT-PCR RiZLER

S5 A T RT-PCR, &% 5245 12 LGT
PI&AF: 95 'C, 2min; 30 ¢ fFH (95 C, 15s;
57 °C, 45s; 60 C, 45s), S-actin § W%t N 95
"C, 2min; 30 fE¥R (95 C, 15s; 57 C, 45s;
60 ‘C, 45s), 65~95 CIATIEM ML, A

El7 LGT &B=REHTMNE
Fig.7 Three-dimensional model prediction of LGT protein
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Fig. 8 Relative expression histogram of LGT gene
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W e RIS IR LGT, 414K 1 530
bp, HA 1509 bp ({1534 ORF, i 502 NEFER .«
Bz A NCBI _L) Blastp Hexf & BL, iZ%EA
J& T LGT HK k. W LGT & A4 7+ H
CasssH7642N 1530019328308 AHXS 73 T LA 125 629.8,
HURZEHL N 4.99, FEXHZIENEAT T A5 B2
ST, INEMT LGT FEERAE T8 2 BRI R .

WEFURIINEMT LGT SR AEE— 2 A E
NP e, EERh RIS SR, AR
B B R A T I e, R R, R
WD fEA RISt Al LR 45 A1k
BT IIEST, R H DR SRk 5 A2 1oy 1 1 DGR
h O R ) ) e AR 1 2 2R
TR R R R R LR AL B e T 2
TOFEPSH

TFREFTFREE Z 2R AR TR, 3 ) H
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