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Cloning of Cyclo-DOPA-5-glucosyltransferase Gene from Bougainvillea
glabra and Effect of lllumination on Its Expression

LIU Shan, SUN Rong, GAO Jing-lei
(Key Laboratory of Dry-hot Valley Characteristic Bio-Resources Development at University of Sichuan Province, Department of Biological and Chemical

Engineering, Panzhihua University, Panzhihua 617000, Sichuan, China)

Abstract: In order to understand the effect of illumination on the expression of glucosyltransferase gene in
Bougainvillea glabra, the cyclo-DOPA-5-glucosyltransferase gene (cDOPA 5GT) was cloned from bracts. The
results showed that the full length cDNA of cDOPA 5GT was 1 446 bp, encoding 482 amino acids. The bioin-
formatics analysis showed that isoelectric point of cDOPA 5GT was 5.77, showing an acidic and hydrophilic
transmembrane protein without signal peptide. The cDOPA 5GT protein had characteristic motifs of glucosyl-
transferase, and the secondary structure was dominant of a-helices and random coils, and the amino acid sequence
was less conserved. The results of qRT-PCR and spectrophotometry showed that the expression of cDOPA 5GT
gene and betacyanin accumulation in plants decreased significantly under shading by qRT-PCR and spectro-
photometry. Therefore, it was suggested that the synthesis of betacyanin was regulated by glucosyltransferase
gene, and positively correlated with light time.

Key words: Bougainvillea glabra; Cyclo-DOPA-5-glucosyltransferase; Gene expression; Illumination
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1.1 Akt

R ] = #f #F (Bougainvillea glabra) ity 3X j5 T
S EREE, HE BRI ER TR Pk
R ERERZ BAK B0 = Mgk, ez
REVI, ks —H, —4HiEw HROER),
F—H A RO IR AT O AL BE (RS 4H) . 2
JilJg, BRI S — B A B Ak

1.2 cDOPA 5GT E K7 [

PR A Y RNAout 2.0 177 £ 1t B 1542 B
= MM B RNARYL, 18 Thermo 2w J i
SIRANE UL P55 cDNA, L cDNA Jitk, it
17 PCR ¥, 4 NCBI FRAEY UGT JE[A [H] Y& L
XPeE R, %t 1R 5149 GUTBDS (5'-CGGGGT-
ACCATGGAGTATAACTCAGAAACAGAGCACA-3,

5|\ Kpn | BEYI47 £ UGTBDX (5-CCGCTCGA-
GTCATTTATCCTTACTCGTTTTAGCTGAG-3', 5]
A Xho | BEUIALED), DA S ity 38 = £
Hts  UGT A, BifAk R BRI 30 ul, A5
Max DNA Polymerase 15 uL. cDNA 1 uL.. UDPBDS
A1 UDPBDX 51445 0.5 ul A1 ddH.0 13 uL, PCR F=#)
2 1.5%3 IERE B H bk e » [ H 1 BEE R 3 s
2% AR, %8 pMDI19-T Fifk I N Kt
DH5q A7 7485 11, ik BH M5 A0 26 by o4 5 51
G RAFATIFY, ¥ Fr 3449 cDOPA 5GT.

1.3 &YfE Bt

K F BLAST P /4 (https://blast.ncbi.nlm.nih.
gov/Blast.cgi) it 47 2 JE R [FIVR 7 41 Lt o A KA
ProtParam #{4-(http://expasy.org/tools/protparam/html)
BEAT B A B B AL Y 5T 4 AT s SR PSIPRED 3K
(http://bioinf.cs.ucl.ac.uk/psipred) i 17 & FH — 27 45 1)
5 ; <% SWISS MODEL # 4 (https://swissmodel.
expasy.org/interactive) 17 & [ = gL 45 M T, SR
H Signal P 4.1 # A4 (http://www.cbs.dtu.dk/services/
SignalP/) #7455 KT ; K TMHMM # A4 (http://
www.cbs.dtu.dk/services/ TMHMM) i3 47 25 1 5 i 45
T . K MEGA 6.0 B ik Raudt b, it
1T 2808 37

1.4 SR ¥ObEE PCR 4T

R4 cDOPA 5GT A=K P 1T 1 X9 &
5|41 cDOPA 5GTqS 1 cDOPA 5GTgX, LA 18S rRNA
FPIE NN S0, SRR SER 9O E B PCR £0R 73
M YE AL FE X cDOPA 5GT 3k [K 3Rk & /5401 . PCR
SR R EARFN 15 ul, 54 SYBR Premix Ex
Taq 11 7.5 uLcDNA 1.0 L. 51 %)% 0.5 uL F1 ddH-0
5.5ul, MNFEFFAN: 95°C 3min, 95°C 10s, 64.5C
(cDOPA 5GT)/55.7°C (185 rRNA) 30's, 72°C 40's, 72°C
10 min, 3t 39 X1EL

1.5 BRARSERNE
FHSRAT 2 B B (I SR F B0 1) Stintzing 55012
T, FREL0.15 g = MtE i Tk T HA it ek,
AT B FEE 2 mL A BS, A% A\ 10 mL 5.0
B, BT 4CUKAEF 30 min; ARJGE 16 099.2 xg
T EL 10 min FEYREEDTIE, IO 4 mL ddH20 H&
FIUE, BT 4CUKHET 30 min; £ 16 099.2xg N &
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£ 10 min JEWUEE HIEW: EEEAE 1k, &9F B3
A ddH20 SEZS A 10 mL, {EJEK 536 nm abillsE
WG, B4R & & (C, mg/g)= (A =M xV x1000)/
(exm)e13], A rf A 4 536 nm R IEOGEE, M N EH
SLT R VAR BE /R i 5 (550.47 g/mol), V NI
SMARFA(L), e NSRRI BE R TH Ot R 4L [5.66 %<
10* L/(mol €m)], m JFE i i 2 (9)-

2 g5 R

2.1 cDOPA 5GT [ 1 7 j

DAL= g4 cDNA AR AT PCR Y3, 3k
BT —2%KN 1446 bp 1A B 1), M7 25 R 570
WiV 4 . 2 Blast P FE 51 ELxt 20 B 26 W% A B 41 5
T80 A R 2 B B R DR (RO AR E w08 99%, i 4
N cDOPA5GT, GeneBank & 3¢5y MT239387.

2000 bp
1200 bp ——

1 cDOPA 5GT #:[H ) PCR 71 . M: DNA Marker; U: cDOPA 5GT.
Fig. 1 PCR amplification of cDOPA 5GT. M: DNA Marker; U: cDOPA

5GTPCR.
2.2 cDOPASGT WIAEME B20HT
LR 5 A N cDOPA 5GT 3t [K 4

fih 482 NE LR, BLAST 41K cDOPASGT &
BT AW OR SF AR 802, 5 R RME ) 25 5 R
(Mirabilis jalapa, &35 BAD91803.1) 1% b ik
Fo i 1t & B 8 17 S AHALLEE S 65%, 1 5 28 1T 32
(Chenopodium quinoa, &35 XP021748306.1)F1 5,

1 75 150

225

4 it (Spainacia oleracea, %35 XP021847933.1)ff]
FEBLEE Ny 63%71 62%. cDOPA 5GT FIARN 2T/
N 54.66 kD, FEMAZHA(PI)N5.77, NEEMRE
SEKMEEEA, HEMAS TN CauesHsrroNessO712822;
S, ZEAREH 22 FRE R, H 47 Mk
HLfT , 61 A5 B LA, B B (1 SR R (Leu,
10%), il Fi% 22 R (Tyr) A1 2 JbE 20 B2 (Cys) 2>, A
1.7%7!1 1%. F|F PSIPRED Tiiill cDOPASGT £ 14—
PAEMIE T a-WRHEFTCRN G I AR, 3B — 58
B S558 . M SWISS MODEL Fiill & 4 =%
sER i 2. SRAIFEZE T H Signal P4.1 43 b4t &k
i}, cDOPA 5GT & HARAE T4, TMHMM
Tl cDOPASGT 25 [ H g NS IR

2 =R

Fig. 2 Tertiary structure prediction

FH4#r il BLAST P bxf, cDOPA5GT
H|HAFAE 1 1 Glycosyltransferase-GTB-type 8 5 jik
B 51 PLN02863 454 X I3(& 3). AN[FEY) 5GT %
R g ) TR T 9 2 AR K, R EERE . = A
t§ cDOPA 5GT ¥ C-4ii B A UGTs IR [1) 44 /N2 5k
FR LR <7 751 PSPG (K 4), i B = # cDOPA
5GT i[RI gmht ) & [ & AT ML B, BRI aE A0
] At & WGPQLEILNHESTGGFLSHCGWNSVLE
SLREGVPILGWPLAAEQ.

+# cDOPA 5GT & HMZAIERT45 NCBI
L1 A A 4 UTGs 2 (A IR SR 7 41k 47

300 375 450 482

P N ——

Query seq.
Non-specific PLN02863
hit \ UDPGT |
GTI1_Gtf like
| MGT
- Yii€
Superfamilies Glucosyltransferas GTB_type superfamily

3 BLAST P 541 LL 45 5t

Fig. 3 Sequence alignment result by BLAST P

UDPGT superfamily
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At NAPPBFLLVTFPAQGHVNPSLRFARRLI KRTGARVTFVRCVSVFH. .. ... ... NSMI ANHNKVENLSFLTFSDG 66
Ated NGVEPKQL[EVVFFPFNAHGHVI BTLDI ARVFVAHEGVKTTI I §fTPRNAPTETKAI EKTI KSGASSI NI ELFNFPAQEAG 79
Bg NMEYNSETE[gl LLLPLNAHGHFRPSLQLALHLSTKTPFTI TI LATPLNT. HFFLKHLPCPTTI RVAELPFNSTDHGLPPL 78
Bv NMDDKSQQLISI VLFPFNAHGHVI PTLDI ARLF. AARGVKTTLI“TPRNAPTFLTAI EKGNKS GAPTI NVEVFNFQAQSFG 78
Ce MNSSETPTDIgI I LLPFLAQGHLRPFFHLAHFLQS FTPFRI SLLATPLNAASFRRLS DNLNYNLNI VDLPFNSTDHGLPPN 80
Vv MKDTT VLYPNLGRGIgLVSMVELGKLI LTHHPSLSI TI LI LTPPTTPSTRTTTLACDSNAQYT ATVTATTPSI TFHRVPLAALPEN g5
At FDDGGI STYEDRQKRS VNLKVNGDKALS DFT EATKNGDSPVTCLI YTT LLNWAPKVARRFQLPSALL. W QPALVFNI YYTHFNG 150
Ated LPEGCENLEQALGPGT MDKFFKAAAMLRNQLEQFLEKTRPNCLVADNVEFTWS TDS AAKENI PRLVFHGHSFFALCALEI [ RVYEP 164
Bg VENTSQVPLHLATSFLHATTSLEPHFRNFI TNNENPNHPPI CI I FDEFFGWANRVANSI GSTGI SFSAAGAYGTAAYLSVWNDLP 163
Bv LPEGCENLEQALGPGI RDRFFKAAAMLRDQLEHFLEKTRPNCLVADNVEFPWATDS AAKFNI PRLVFHGHCLFALCALEI I RLHEP 163
Ce TENTEKLPLPSI VTLFHASTS LEYHVRNYLTRHHLNNPPI . CI I FDVFLGWANNVARSVGSTGI CENTGGAYGLAAYTSI WTHLE 164
Vy TPFLPPHLLSLELTRHSTQNI AVALQTLAKASNLKAI VI D. . . FMNENDPKALTENLNNNVPTYFYYTSGASTLALLLYYPTIHR 167
At NKSVFELPNLSSLEI RDLPSFLTPSNTNKGAY. DAFQEMVEFLI KETKPKI LI NTFDSLEPEALTAFPNI DNVAVGPLLPTEIFS 234
Ated YNNVSTDVEPFI LPLLPHEI ELTRSQLAPDLW. KYK. ESEYKKRNFAI KESELKRFGVI VNSFYELEPEYADFYRQKLGRRAWHL 247
Bg HRNFSDDEEFS LPGFPENHRYNRS HI HRFVRFADGFDDGS REVQPQI RLSLESSGWLCNSSEEI EHLGFDI LRNYVKLPVWGI GP 248
Bv YNNASSDEEPFLLPHLPHEI ELTRLQFSEELW. KNGGDSDYKERSKAI KESELKCYGVLVNSFYELEPDYAEYFRKDLGRRAWNI 247
Ce HRNI $ DDEEFS LTDFPENRKF RRNQLHRFLRFADGTDDWS REFQPQI NFSMNCS GWLNNTVEET EPLGFEI LRKKLELPI WGI GP 249
Vy TLI EKKDTDQPLQI QI PGLSTI TADDFPNECK. DPLSYACQVFLQI AETMMGGAGI I VNTFEAI EEEAI RALSEDATVPPPLFCV 25
At GST. .. NKSVKDQSSSYTLWLDSKTESSVI YVSEGTMVELSKKQI EELARALI EGKRPE@WVI TDKSNRETKTEGEEETEI EKI A 316
Ated  GP....VSLYNRNI EEKI QRGKQVSI DEHECLKWENSKKFNSVI YI CFGSTI HV. I PPQUQEI ANGLEAS GKDEI WVKNDDDLG 327
Bg LI...DSPLNNGDNECVI QULSSQKPDSVLYT SFGSQNTVSPKQVMVELAMGLEES NKPFI#WVI RPPFGF. DI NGEFKPEWLPEKL 329
By GP. ... VSLYNRSNEEKAQRGKQASI DEHECLKWLNS KKPNSVI YI CFGSTMHV. I PSQENE]I ANGLEASGKDFI WVRNEDDLG 327
Ce LI ATSSNCNNNNDDHGCI EWLNQFEKDS VLY SFGS QNTVNPTQMMELAKGL EES NVEE#WVI RPXFGF. DI NGEFKPEWLPDGF 333
Vv GP. . VI SAPYGEEDKGCLS WLNLQPS QS VVL.LCFGS MGRFSRAQLKEI Al GLEKS EQREIWVVRTELGGADDSAEELSLDELLPE 334

PSPG
At GFRHELEEV{EM VS. §CS 81 EVIISHRAVECRVT|s6e} MAS DEP TRAKLLEES WKTGVRVR. ENKDGLV 399
Ated GFEDRI KG! I11R I LI MEHDA NFAESFYNEKFVTQI LRI GVPVGAKRYTTAP 412
Bg EERVMKEKK| VVHK{GPO,LEI #ENHES T LAAESAYNVKVVEEEMGVGVELARGLEGEVS 414
By EFEQRNEG 11R LI|#EHEVI VFAESFLWEKLI TRVLRI GI PVGAKKWDCKP 412
Ce EERVVKKKQEKLVPKIGPSLEI WKNEAT LAABSAYNS KMVVEENGVAVELTRGLEGEVK 418
Vv GFLERTKEK@VVVRE I [#SHDS LYAESKMYRVVNVKEMKVALAVNENKDGFVS 419
At ERGEI RRCLEAVMEEKS VELRENAKKWKRLAVEAGREGGS SDKNVEAFVEDI CGES LI QNLCEAEEVKV 468
Ated SLEDVVNQHDI EKALREI MEGNTADGRRYRAKEF KKLARKALEEGGSSSSDLSALI NELRCLST 476
Bg KEKVRKMVEM LEREEGS RGWEMKKKAVENGKKMKDST RDETEYKGS S VLAVEDFVKAI VSAKTSKDK 482
By SEEYVVKKNDI EKALREVMEGNEAEERRTRAKEY KEVAWKALQEGGSSYSDLSALI DELRGLST 476
Ce KDGVKKVVEMVLDRKQGS CGCEMKKRAVEI GEKLRDAMKVEGDY KGSS LKALDDFVGFI VS HKGKVVA 486
Vv STELGDRVRELMES DKGKEI RQRI FKMKNVSAAEAN. . AEGGTS RASLDKLAKLWKQS 474

[¥] 4 cDOPASGT R IR 771 IR F 45 M TN . At URTF; Ated: Ti3E; Bg: =AM, Bv: #l13%; Ce: X9afE; Vv: Hi& .

Fig. 4 Deduced conservation domains in amino acid sequence of cDOPA 5GT. At: Arabidopsis thaliana; Atcd: Amaranthus tricolor; Bg: Bougainvillea glabra;

Bv: Beta vulgaris; Cc: Celosia cristata; VVv: Vitis vinifera.
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SRR, 54 F T (Arabidopsis thaliana, &%
5 AF196777.1). 2% 1£(Chrysanthemum x<morifolium,
H 35 MN364678.1) 15K 2 K RBLZ (K 5).

2.3 cCDOPA 5GT HIRBEMERA RN RERAE XM

POt E B A R LW (B 6), HOLHF,
cDOPA 5GT ik [Al ik & W T F#(P<0.01), 1 Hi
FEARL I = AR SRR S R T (P<0.01). X
F W =AM R cDOPA 5GT JE R IAZ %R
AT, HRIEEMET L Z 5 & 1) Pearson A6
400N 0.9998, AR EE IEAASC, FKEH cDOPASGT

SR (E H S 3 A B o (R P
3 ZHRAHE

B Ak e A2 L A A P ) R AR AR R
R 7 B2 T (G Tase) (i A0 RF 72 A st B B A0 IR B &
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Fig. 5 Phylogenetic analysis based on amino acid sequences of UTGs
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Fig. 6 Relative expression (m) of cDOPA 5GT, and betacyanin content (0).

**: P<0.01.
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