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Abstract: Objective To clone the Polygonum multiflorum Thunb. glycosyltransferase genes (PmUGTSs) and analyze their bioinformatics
and relative expression levels. Methods Based on the transcriptomic data of Polygonum multiflorum Thunb., the PmUGTs full length
cDNA were amplified by PCR and their bioinformatics were analysis. Autodock4 software was used for molecular docking, and gRT-PCR
was used to detect PmUGTs organ-specific expression levels. Results The length of PmUGT1, PmUGT2, PmUGT3 and PmUGT4 ORF
were from 1509, 1506, 1464 and 1476 bp, encoding 503, 502, 488 and 492 amino acids with the molecular mass of 56 940, 54 780, 54 350
and 54 620, respectively. PmUGTSs amino acid sequences contain a highly conserved PSPG box domain, and their secondary structures are
mainly composed of Random Coil and a-Helix. Phylogenetic analysis showed that PmUGT1, PmUGT2 and PmUGT3 were closed to the
Arabidopsis thaliana UGTs, and PmUGT4 was closed to which from Medicago truncatula. According to the autodock4 results, PmUGT1,
PmUGT3, PmUGT2 and PmUGT4 were abled to be hydrogen bonded with biochanin A, mogrol and resveratrol, respectively. Measurement
of organ-specific expressions showed that the levels of PmUGTSs leaves expression were the highest. Conclusion  This research will laid a
foundation for further study on the function of PmUGTSs genes and biosynthesis pathway of P. multiflorum glycosides.
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I SHEYIR BT R4 2 TR B M,
B RAFIREM RIS NEREDI T E S P
multiflorum Thunb.. LA, 25, MAHZEER, W)

R G E-80 CIRIE&H .
1.2 EtR. BRI

A% FRIEF A pET-28a (+) HSLI6 = ALV A7
v AR L KA # Transl-T1. Transetta (DE3)
54 % 7 & pEASY-Uni Seamless Cloning
and Assembly Kit 304 5 b5 & UEEMHE ARG IR
A); BamH | FRHEMEANVIEEIE H NEB AW HY)
ZHEZMS RNA $2BGGR &8 5 65 AR A AR
A WA A KOD-Plus- 5 ff B B 9 B H A
TOYOBO A #]; PrimeScript™ Il 1st Strand cDNA
Synthesis Kit. & [EI Y77 &« PrimeScript™ RT
reagent Kit with gDNA Eraser. TB Green™ Premix
Ex Tag™ Il %) H A TaKaRa A #l; 51¥& B
FEPR R BO A ) PRV DB R 22 7] 58 B
2 &

21 fE 532 RNA BIIZEL

U -80 CIHEAAMIMR. 22 HAHZMEM, ZHEE
MZPEZ S RNA $RIGAR & (Tiangen) #4E
AP ELT 15 255 RNA, FIH Nano-100 #4366
JETHRI RNA WREERISENE,  1.0%B5 IR B HE I HE Ik
Kl RNA ) 5E 8k
22 (ELSEEEZIBER (PmUGTS) MK
cDNA 7=[&

AT T S0 2 R IAAT i B e s 2 2 A )
fifiik T 4 % PmUGTs LA 741 (Gene ID 43514
Unigene0051938. Unigene0017806. Unigene0027873
5 Unigene0034969), % T Jo4% vl i # i1t DLk
AR e e 38 517 (BIFPHI R . %18
KOD-Plus-Neo # #{ i & ¥ ¥ (TOYOBO) #AT,
DU S P= ) R, 9738 PmUGTs 25K B 3
184 2 Nif& 2 : ¢cDNA 1 pL, KOD-Plus-Neo(1 U/uL)
1 puL, 10XPCR Buffer for KOD-Plus-Neo 5 uL,
dNTPs (2 mmol/L) 5 puL, MgSQO4 (25 mmol/L) 3 uL,
EL RIS (10 pmol/L) % 1.5 uL, ddH,0 #h 2
Z 50 uL. RMNAEFE: 94 CHIAEYE 2 min; 94 CAZ
P30s, 60 ‘CiE-k 30s, 72 ‘CZEfH 40's, 35 Mg
WJgs 72 CHEM 10 min. 1.0%E5 fg kR B bk ke
I PCR 7%, JRIEINL PCR F7W). H4 18 TC4% v i
1, K PCR 7415 BamH | R 1 A VI BERE ) 5 1)
PET-28a #H K ERE; HALF Transl-T1 EkkF, £
AR R PUER AR BT T, PRI R AT
PR V& PCR Al G815 ANPHVE R RIAT MR A F
P SSATIE
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Table 1 Primer sequences
YEH gk 51F51 (5°-3) UK /bp

PCR UGT1-F CAGCAAATGGGTCGCGGAATGGATTCTCCAACTCCCCATG 1545
UGT1-R ACGGAGCTCGAATTCGGATTACTTGTGATTGCTGGATTCTG
UGT2-F CAGCAAATGGGTCGCGGAATGTCTCCTCCACCGGCAGCCA 1542
UGT2-R ACGGAGCTCGAATTCGGATTAATTTGAGCGAGCACTAATA
UGT3-F CAGCAAATGGGTCGCGGAATGGGATATTTATCAAGTGCCG 1500
UGT3-R ACGGAGCTCGAATTCGGATTACTTTGTTTGCGTGACGCTT
UGTA4-F CAGCAAATGGGTCGCGGAATGAAAAGCAGAACCTGTTCAAAG 1512
UGT4-R ACGGAGCTCGAATTCGGATCATAATCCGCGAAATAAAACG

gRT-PCR PP2A-F GGACCAATGTGCGATCTCTTA 101
PP2A-R GCTGCTATGTCTTGTCCAAATG
UGT1-F CTGCATGAATTGGCTCGACG 123
UGTI-R TTCTTGCTCCTGACCAACCC
UGT2-F ACGAGAGTTGCATGGAGTGG 108
UGT2-R AGGCAATGCTCTCCTTGGTC
UGT3-F AAGAGGAGGGCGTTGGAATG 120
UGT3-R TGTTTGCGTGACGCTTTGTT
UGT4-F CGCGTCGTCAACATGGTTTT 105
UGT4-R TCCGTCTTCTCGAGTGGCTA

2.3 PmUGTs HEMIERFE SR

i} EMBOSS fE£L ¥+ 5 CodonW 1.4.2 #iff
Xt PMUGTs #% 1 IR T 5133 AT 5 A~ (w4 14 2 204y
M, AL FE R S 7 A X SE A E Crelative
synonymous codon usage, RSCU ) %5 -1~ F ATV «
T 7 N AR (codon adaptation index, CAI.
B RCEERSTH (effective number of codons, ENC).
GC S EAMH. BT KRE GC FEH I
(GCss); #JH] ExPASy Proteomics Server £k #1f
Protparam %} 4 /> PmUGTs 3[Rl 4wh% & (1 13041
W ARG FRE. IS5 s e S
PERGHEAT 4 HT; Cell-PLoc 2.0 34T W4 E s ff
Fi SignalP 5.0 sever Tii Il #5 5 &5 &4 380 @ i
EXPASY-SOPMA 7EZR UM £ )51 ) — g 4644
H SWISS-MODEL fEZLKfF# 4 PmUGTs & H 1Y)
=R EERREAY . (f ] Autodock 4.2.3 A xR
WIIEAT 53 W ARAL SIS s K PmUGTS S (1) 2 ik
FZFPHI4E NCBI Hit4T 8 H BLAST 20, #IH]
DNAMAN #cft 5 HAb P ah i) UGT B IR e 41 2k 47
[ U5 4y s R iEId MEGA 6.0 %K R 4 4
neighbor-joining RGN, RHEMKRIEETHE
HEALFEES, Bootstrap F & XECA 1000 XK.
2.4 PmUGTs EEMREZRIL

Poae il /7 30 JE AL, R IR, RN

PET-28a-PmUGTs B4 Fi ki, %1k Transetta (DE3)
BRI E TR, B RIEERIUERFR
AT IR L, PRECR R VR AT B TR PCR AR, 1 HY
5 MNPHMERBUE MR A FINF IR ik 51
IEWREER, % 1 1 100 LB A BE 25 50 pg/mL
R RN LB WifksEsAEd, 37 °C, 200 r/min
PRz 35724 600 nm WOGEE (Asoonm) 1% 0.6~1.0;
I IPTG 494K 0.4 mmol/L, 20 °C, 200 r/min 3%
3212 h, 9774 PmUGT B4 EN. @SR
57749, LA 5500 r/min 250 15 min AR 1A, H
ddH.O JBEVE R R 2 X5, KRR ER T 22l (50
mmol/L Tris-HCI, 1 mmol/L EDTA, 10%#H i, 1
mmol/L PMSF) w1, MR (750 W T, i
5s, [A#5s, T/E5min). uwT 4 C,
13 000 r/min, 50> 15 min, EFRA0MIRE . B L
JE NN 6 X loading buffer J&%7, 5 7K¥#3 5 min, 13 000
r/min &0 5 min, _EFE 10 pL 3847 10% SDS-PAGE
HIPK, FIKG G R E T8 SR g ta 1 h,
R B 1 i 2e, Rl RIS TR
2.5 PmUGTs EREMALFRMRIES

I QRT-PCR J7 V245 AT & 5 PmUGTS 2 Al 7E
ANFEHR T HIEKT-. B-80 CHAEMIM. 2.
MRS, AR EI 3 MEYSES, I
& RNA, H 5% E PrimeScript™ RT reagent
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Kit with gDNA Eraser (TaKaRa 22 )% DL _E & RNA
S A % cDNA. i ] TB Green™ Premix Ex
Taq™ Il (TaKaRa), 7E CFX96 Touch (BioRad) 1X
LHHTY . JEEUA R S PP2A JERIEME N H bR
e BRIAM NS ER, @it primer BLAST 7E4&
Wt 51, ST FINER 1. gk RS 10
uL SYBR® Green Pro Tag HS Premix (2X). N
5191 (10 umol/L) %% 0.4 uL. cDNA 2 uL, ddH:0
AR RARBUN 20 uL, BAMERW 3 IREREL.
SNAEFF: 95 CHiAEM: 30s; 95 ‘C. 55, 60 C.
30s, 40 MEH G, AT ST, KA 2708
JIERATHEX e AT, A SPSS 23.0 #4775 4H. 1)
T Z 5, I GraphPad Prism 7.0 /£

3 HRES

3.1 PmUGTs EF 21 cDNA =f#

DA 5 cDNA AREBGHATY 15, 4 5L
(I3 34 7= ) 7E 2000~1000 bp I, WK 1 Fix. #)
1) pET-28a-PmUGTs F 21 # AL M 45 B 5w,
SRR H I BS B S e s O R S R T A
— 5, FEK 55 a4~ PmUGTL. PmUGT2.
PMUGT3. PmUGT4.

Marker PmUGT1 PmUGT2 PmUGT3 PmUGT4

1 PmUGTs & PCR #1547
Fig. 1 PCR amplified production PmUGTSs

3.2 PmUGTs EEEMEEFE S

321 PmMUGTs %t 73 i S H 1 PR AL 14 5
GrHTs LAE N . BRI T 18 EMBOSS
L AE S CodonW 1.4.2 73 A PmMUGTs #E47 %515 1
WIFSEHT, SRE 2. 3, 15H PmUGTL,

PmUGT2. PmUGT3. PmUGT4 ff] ENC {E4> 51 A
57.242. 49.211. 51.597. 56.674, #J{f )y 53.681 (i
KT 20 fifwla) 61), R ZHEMFmiFHERSS;
4b, B8 CAL{E %514 0.350 0. 0.351 0. 0.408 3.
0.324 2, ¥J{E N 0.358 4 GZAET 1.0), #—Hi0
PMUGTs & (1w iF P4 55: PmUGTs ] GC
55 GCss & &K T 50%, 22 W 1% U 2 HECORF)
FPEI AT &8/ GC & &, H PmUGTs fildfif
FILL GIC 45 %45 1. PmUGTs %441 RSCU 18
SIHTUNER 3 Fiw, Horp 24 N2 RSCU KT 1,
& PmUGTs Kt #63+; GCC. AUC. AGG.
AGC. ACC. UAC ) RSCU 1 kT 1.5, BRI A4
R, Hrp ACC (2.12) K RSCU AT 2,
F B PmUGTs Xz %05 1 B A B ik .

15 AR 8 1F Protparam 23 H1 PmUGTS (85
MM, 4RWME 4 Pioas, BH PmMUGTL.
PMUGT2. PmUGT3. PmUGT4 AT 71 i &y
HITE 56 940, 54 780. 54 305 £ 54 620; Z5:Hi 55 (PI)
Iy HILE 5.97. 5.30. 5.73. 5.91; HI NEKMEA;
Bk PMUGT3 7l (o 5:1%0=32.84<<40), Hfthig
H B AAAREER (ARE RE>40). 1 H 400
SE L Cell-PLoc 2.0 Tl PMUGT1. PmUGT4
ENL TN, PmUGT2. PmUGTS3 M 5E fir T4
M S iak e, SignallP 5.0 sever 7E 28 fF o Ht
73 PMUGTSs YA 7R 5 B X 45
322 PmUGTs & H M =5 o fr - Fuill 45
BUE 5 s, PmUGTSs 25 [ 1 R &5/l K ER 2
FITEHNE M C(random coil) 5 o-#2)iE Ca-helices)
R, HENPE AR A F B REE Mo rE; e
(extended strand) FI B-#7& (B-turn) NI 734 T84~
A R R YR AR Y JEUEL, i SWISS-MODEL
XPER E =GRS AT IO, =4SSR 2 s
PmMUGT1. PmMUGT2. PmUGT3. PmUGT4 EHH
U5t R A B AR AR 4 R L EUR T ol R
2pg6.1.A1%, 36.19%:; 618x.1.A1, 33.93%:; 2pg6.1.A,
52.22%; 6lzx.1.Al2, 27.86%.

%2 PmUGTs #HEEFFIHFE ST
Table 2  Analysis of nucleotide sequence of PmUGTs from P. multiflora

SRR Unigene %[ & ORF K J/bp o — fﬁfﬁ%‘ﬁf& =

PmUGT1 0051938 1512 51.65 57.74 57.242 0.3500
PmUGT?2 0017806 1512 57.21 69.44 49.211 0.3510
PmUGT3 0027873 1467 55.90 70.76 51.597 0.4083
PmUGT4 0034969 1479 50.03 55.17 56.674 0.3242
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% 3 PmUGTs ZREF RSCU E#h
Table 3 RSCU value analysis for PmUGTs from P. multiflora
R EACER AR RSCU AR ¥ AR RSCU
W GCA 18 0.55 KA AAU 33 1.06
GCcC 52 1.58 i 2 AR CCA 23 0.79
GCG 33 1.00 CCC 30 1.03
GCU 29 0.88 CCG 35 1.20
EPEIR UGC 25 1.28 ccu 29 0.99
UGU 14 0.72 BBt CAA 37 1.25
REHR GAC 62 1.24 CAG 22 0.75
GAU 38 0.76 F AR AGA 24 1.36
BHR GAA 43 0.61 AGG 29 1.64
GAG 99 1.39 CGA 13 0.74
KNI uuc 48 1.26 CGC 17 0.96
uuu 28 0.74 CGG 15 0.85
HER GGC 37 1.08 CGU 8 0.45
GGA 26 0.76 27 R AGC 39 1.58
GGG 48 1.40 AGU 12 0.49
GGU 26 0.76 UCA 22 0.89
HEAR CAC 33 0.71 ucc 35 1.42
CAU 18 1.29 UCG 23 0.93
Fe AR AUA 26 0.81 ucu 17 0.69
AUC 48 1.50 TR ACA 20 0.68
AUU 22 0.69 ACC 62 2.12
W R AAA 35 0.74 ACG 21 0.72
AAG 59 1.26 ACU 14 0.48
SR CUA 35 1.00 AR GUA 19 0.48
CcucC 61 1.74 GUC 39 0.98
CUG 28 0.80 GUG 59 1.48
Cuu 31 0.89 GUU 42 1.06
UUA 18 0.51 Pt = R UAC 23 1.53
UuG 37 1.06 UAU 7 0.47
KA AAC 37 0.94
T RILERIR PMUGTS 3 K % 55 10 P AT S 55 v
The underlines mean codon usage with high frequency in PmUGTs
F 4 PmUGTs EREBLERST
Table 4 Physicochemical property of PmUGTSs protein from P. multiflora.
HHAR  AERH 73 MX T haE Sl PRERE K V4 ff 58 A7
PmUGT1 503 C2527H3988N7000744S27 56 940 5.97 46.48 —0.256  4HfufE
PmUGT2 502 C2446H3839N6500731S19 54 780 5.30 40.89 -0.069  ZUANE. mHEAk
PMUGT3 488 Ca439H3800Ne520706525 54 350 5.73 32.84 -0.134  ZUfupE. nhatik
PmMUGT4 492 C2429H3885N6610715526 54 620 5.91 47.10 -0.079  4fEfE
#z5 PmUGTs ERMZHKLEW
Table 5 Secondary structure of PmUGTSs protein from P. multiflora.
ESER TERN 5 /% o- IR E/% LEfHEE% B-4T 2%
PmUGT1 38.97 41.55 14.12 5.37
PmUGT2 42.43 37.05 14.54 5.98
PmUGT3 35.66 44.06 13.93 6.35
PMUGT4 38.41 42.89 12.40 6.30
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PmMUGT3
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2 PmUGTs EBM=KLEH
Fig. 2 Tertiary structure prediction of PmUGTSs

3.2.3 PmUGTs @M 755 RGtdtiem ot #
PMUGTs & 5: %7 517 BLASTP HikT Xt G, %
FE R EE R 7 51I/E DNAMAN 8.0 #
BEAT Z EFPAILEXS, Z9RWIE 3 s, PmUGTs 5
HABYIF UGT FHAUME N 42.26%, N i [RIVE 4 C
Ui fik o HEEEXT ) UGTs #AAAE — BrH 44 N FEIR A
M K] PSPG f& ( plant secondary product
glycosyltransferase box), FHH AL — B B AR SF
(M LB 75 HCGWNS. &A1 UGT #4
ERGREWN T, S8R WE 4 Prox, PmUGTL,

PMUGT3 AL —%, PmMUGT2 JliE—37, =% 5
PR IR B R B i B (S R0 1 PmUGT4
PR A P W

324 PmUGTs A 5K T R
SWISS-MODEL #47 [FJs BT %1, PmUGTL Al
PmMUGT3. PmUGT2. PmUGT4 43 I L 22 1 75 )
UGT85H2. %' {1 UGT74ACL. E F¥ i Ffi 1y
PaGT3 1t i it B 1 = 4R %Y . A autodock
4.2.3 % PmUGT1 1 PmUGT3. PmMUGT2. PmMUGT4
53 5 H Ay TR R SR (WS 52 R AL

A% (AIE12477.1) i rBLE BE eyl sHEBE=ETcLAE . . THTEFE VB 1A REER . yBo1HsRENRYE. GEREETEBRME: . D1erG. 83
JHE (EX098751.1) LBy PABIGHVNEME < VAKLL! FKG . . FEITEVHIE NHERLLK . SR JERFETICDELEF . PDIDAT 84
7% (BAP90362.1) LT LB r Y ARCHM KB EROLAHHTKRRT TN LT ISTETT PANVOLEHR IBONRKLLELG LVESCSDHELEDOVENTNA 101
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Fig. 3 Multiple sequence alignment of PmUGTs and UGT from other plant species
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Fig. 4 Phylogenetic tree of amino acid sequence of PmUGTS
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A, B-the overall and local conformation of PmUGT1 docking with biochanin A C, D-the overall and local conformation of PmUGT2 docking with mogrol

E, F-the overall and local conformation of PmUGT3 docking with biochanin A G, H-the overall and local conformation of PmUGT4 docking with resveratrol;

The binding of proteins to ligands is shown by dotted lines in the local conformation
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Fig.5 Molecular dockings of PmUGTSs and relevant ligands
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Fig. 6 SDS-PAGE analysis of the expression of recombinant PmUGTSs
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Fig. 7 Relative expression level of PmUGTSs gene in different tissues
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