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Identification and expression characterization of
UDP-glucosyltransferase genes in Rhaphuma horsfieldi

WANG Zheng-Quan”~  YIN Ning-Na ZHAO Ning LIU Nai-Yong

(Key Laboratory of Forest Disaster Warning and Control of Yunnan Province, Southwest Forestry University, Kunming 650224, China)

Abstract [Objectives] UDP-glucosyltransferase (UGT) in insects is of particular importance for the detoxification of
endogenous and exogenous toxic compounds. However, no information about RhorUGT genes of Rhaphuma horsfieldi is
available. [Methods] In this study, we characterized the UGT gene family from R. horsfieldi using transcriptomics,
bioinformatics, phylogenic and expression profiling analyses, and homology modeling approaches. [Results] Based on the
transcriptomic data, totally 36 RhorUGT genes were identified from this beetle, 17 of which were full-length sequences. A
comparative study on UGT gene numbers among different coleopteran species revealed that R. horsfieldi harbored a medium
UGT number. Phylogenetic analysis indicated that RhorUGTs were clustered into ten sub-families, with a cerambycid-specific
one of UGT352. Notably, these members formed by RhorUGT2/7/10/16/18/27 from UGT352 were possibly derived from gene
duplications. Expression profiles showed that most of RhorUGTSs were detected in tested tissues and some were specifically or
highly expressed in antennae or tarsi, suggesting their diverse functions including olfaction and touch. Results by
three-dimensional structures showed that a3, o4, B4 and PS5 of RhorUGT17 were mainly involved in the binding of
UDP-glucose. [Conclusion] This study has identified the numbers, sequence characteristics, phylogenic relationships and
tissue expression characteristics of R. horsfieldi UGTs, and thus provides reference data for addressing the detoxification

mechanisms of this beetle.
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Fig. 1 Multiple alignment of UGT amino acid sequences in Rhaphuma horsfieldi

IR AR IHER (H) MXLZER (D);

WAL S W AR AR R R

2 F 3 7 IR R SRR

Triangle represents key catalytic residues (H, histidine and D, aspartic acid). 1, 2 and 3 represent nucleotide,
phosphate and glucoside interacting residues, respectively.
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m FERIIAA K /NS Dendroctonus ponderosae (Dpon) M #AUAYE Tribolium castaneum (Tcas)

2 HPEES UGT Byt LR
Fig. 2 Phylogenetic tree of UGTs in Coleoptera

L DR 7 M RS B fll o R BHEYS B SR R R GE .
Gb, oy IR AEMERE R A b AR s R, &
#% RhorUGT11 . RhorUGT12 . RhorUGT14 .

RhorUGT28, RhorUGT32 #il RhorUGT36 JE[H
(E3).

2.4 RhorUGTI17 =450 2455 ) /bt

PL HsapUGT2B7 HY&RIRSEH MR, RH

A PR A 5 M T RhorUGT17 B =245
¥, T5E, HYE HsapUGT2B7 fiA gt it g Bk
12 E 5 FIH 5 RhorUGT17 BYJFH) X455, #%
Bt RhorUGT17 AHY C 3ig X311 170 2412
RIETR T Lo 25 5 3R B 2 1) — Bt R 42%
Witk 45 418 ( DBR1 F1 DBR2 ) HA R E 1)
PREFME. BRSBET EAER Q Al H RRISM, Hia
T AN KBRS R O S 5E AR (K 4: A,
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FA
FTa
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MA
MTa
MB
FPKM 0 05 1 3 10 30 60 100 120
B3 E453ER A RhorUGTs 2 7 B s R F48 4R B34
Fig. 3 Expression pattern of RhorUGT genes in different tissues of Rhaphuma horsfieldi adults
FA: JRAURAA ; FTa: MESUBRTY; FB: N3 fil A F0EH 5 1 B4
MA: HEHflf; MTa: HERHT; MB: ANl R B 1K,
FA: Female antennae; FTa: Female tarsi; FB: Female bodies without antennae and tarsi;
MA: Male antennae; MTa: Male tarsi; MB: Male bodies without antennae and tarsi.
A HsapUGT2B7 QQQGQQIQQQ ﬁ) QQQQQ(XQZQQQQQQ ﬁ) TT T TE) angzgg T
sap | 10 20+ 0 « 50 6 » 10 80
HeapUGToB :z:gzma"ﬁ"@mm::ezaz S LRt & R A AR Cr?
{55, (DBR1)
p4 o4 5 a5 B6 a6

HsapUGT2B7 —> > 00090000000  —» 9000000000000
P * ‘)‘)‘)‘)‘)‘)To‘o“‘ 110 154 130 T8 150

U T R e R T RIIRBIRIINCT
1 ﬁLn 418 (DBR2)

UDPHIZ LS & I

4 BYHEEXRY RhorUGT17 =R 45
Fig. 4 Three-dimensional (3D) structure of Rhaphuma horsfieldi UGT17

A. BEHEFE R RhorUGT17 5 A HsapUGT2B7 M ZIERRITHI LLXT; B. BSR4 RhorUGT17 I =45
(Zeih1) KHA5 HsapUGT2B7 B9 =& ME M (A1), MAEAKKHEKRR (S, W, Q. T, H, E. DA H/Q)
M UDP-#i & 45 &5 SR 25 P e b 5 IR Z5 & X ( DBR1 1 DBR2) FH# @fr7~; Nt. Ct. al-7 Fl B1-6:
Iy IR AR . R . o BRIE 1 BT BIE 1 E 6.
A. Alignment of RhorUGT17 and HsapUGT2B7 amino acid sequences; B. 3D model of RhorUGT17 (left) and
superimposition of RhorUGT17 and HsapUGT2B?7 structures (right). Key residues (S, W, Q, T, H, E, D and H/Q) and
UDP-glucose binding cavities of RhorUGT17 and HsapUGT2B7 are labeled on the structures, respectively.

Donor binding domains (DBR1 and DBR2) are highlighted in yellow. Nt, Ct, a1-7 and f1-6 represent N-terminus,
C-terminus, seven a-helixes and six B-sheets, respectively.
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R PR 45 S, RhorUGT17 1 N i, C
i loop P, 71> o E)iE (al-7) Fl 61 BiTE
(B1-6) A, o, T HE HsapUGT2B7
il RhorUGT17 ) =5t 2R, #t—M e
FIZEF AT BN S5 A B, TN E A 02, 04,
a5.B3.B6.B1-a2 [A] loop . B2-B3 [A] loop FI B6-06
li1] loop 22545 K ; RhorUGT17 ) UDP-# 4 b4k
AEFEEN a3, ad. P4 FIBS R, SRR, &
WAL & P OB 1 0 S B SRR I T 45 &
JERiE (Bl 4: B,

3 FR5itig

B OHE R A e = A A FoB Z B —Fh
EEAETER, ZFRAEREN, G B R
WA AR AL S AR K T SRR T, B
W2 5 TR RS Y CEFENIEE G ) 1Y
1238 ML, A pqR 25 Ak — 20 m gl 1 iz
RAPVEAREE, B T L5 & MAHAS W
fil ) JLE ., FERIH Y F AR R B R T S By
SR, SRR A Ttk i — R A i
R RS, UGT FEFZERER iz 2 g dh—2k
RN R MR R, E2S 5 SNEME R PR
PEA TG Y AW 5 A 72, TE B A A AR
B3 M BT E AR o S5 T I ) SR A B
P, A SOHE P2 R A4 rh— 2L 50 31 36 4 UGT 2
R, HAER 5340 UGT LR (38 4) A
i, B Z T rhRalfA R/ NVaE (21 4) (Keeling
etal., 2013 ), M5 RME (20 4 ) (Wangetal.,
2018 ), XH H (164 ) (Meyeretal., 2016).
B ABEH (84 ) (Wuetal., 2016) Z5H5## H
R HUR — S Ze %08 ( 20 /> )( Zhang et al., 2017 ).,
TR A% (11 4~ ) (Bozzolan etal., 2014 ) %5
ERHEHRHR, HE2DFHERERSE (58 1)

(McKenna et al., 2016), ¥/ H (529 )
(Evans etal., 2018), F ARMREEMHH (50 1),
TIUAYS (474 ) (Ahnetal., 2012) 245 H
BH DI FE A (454 )(Huang et al., 2008; Ahn
etal., 2012), #p441H (46 1~ )(Ahnetal., 2012;
Pearce et al., 2017 JFI%i 5 % Acyrthosiphon pisum
(72 X Ahnetal.,2012; McKenna et al., 2016 )

GARRE H R, X AT RBS N[R]) B HURE S 1
JPA R . R PR RR BN R O
MR Z YR E UGT W KR H % 5E
TE 7 51 Lk XE F 4 A b, At 90% 1Y
RhorUGTs b Xf 3|t 8 2 K 4 1) AglaUGTs
(McKenna et al., 2016), HIJHAR &R IE
g —FPE (>50% ), VW] UGT 7E [FRAS R Ff i
HABmBRrHE, Ho Dl UGTS0 W40 K R
) —3tkfe s CEPYMER 72% ), BERHI) e
J9R5F (Ahnetal., 2012), 5HABE 214y UGT
2/l (Ahn et al., 2012; Zhang et al., 2017;
Wang et al., 2018), ELHiE R4 1 UGT 7E C
Uity U 52 R A i P AR R — b, U HOR AR A
GG DX 0 G BR E JE R v B ART, i —2D S
UGT S ITifg R~k bt
UGT352 WKL EA RAFHE 2 UGT, 36
SRR A s it kB, R
RENZWREREH R AglaUGTs £241
TE 2 4~ Scaffold [~ ( Scaffold 72 Fll Scaffold
772), HEAREHEG T FhRE S SRR A,
7 K BB SE PRIAR W] BB R T S5 R 9 &2 il ( McKenna
etal., 2016 ), 7EELHL R R4, 6 41~ RhorUGTs
( RhorUGT2/7/10/16/18/27 )F¥ifh B2 5| UGT352
WK —A/INr 3, U EAT AT BETE [R]— 2% 44
ek B AR HES, L SR A A
FE A 1) F 3R 1% A — R BE BT DA S i FL ARy
FE M DIRE , 20t e 2H 2URE S s D) Re b9 Ak ik
FER R CHL IR . 5 AR B UGT 2
()2 IA 45 E 25 ( Huang et al., 2008; Ahnetal.,
2012; Younus etal., 2014; Zhangetal., 2017;
Wang et al., 2018 ), B 8UHIE R4 1 KA
RhorUGTs J& Al S S 2R Y 22U R GRS, Ul
HHEA ZMIaE. RS, BRIt
R IR Al fA R ) RhorUGTs JL[H, (H & #545
RhorUGTs 3 P 7E fisl /1 v B AT 8 s i 3R 87K,
7R B A BB A BT P RE . LY
UGT & [H s /1 55 235 O RPIE 7 SR SR 8% ( Wang
etal., 1999; Younusetal., 2014 ). K7 gk
(Bozzolan et al., 2014 ), WiEE 41 ( Wang
etal., 2018) FI/hEik (He etal., 2017) Hiilt
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AR AEAFE IR, 7R S0 P2 KA By
&P~ Rnor UGTs 2k [H] 5 B4 S i e 18 1)
TR, R E S H R R T B EE KEr
JRAS M ) 218 ( Betz, 2003; 75 i
45, 2017; YIRS, 2019), PRBHXEE UGT 3
IR AT RE 5 b f 223410 UGT JEIhREZSL, BpA
A RS B e T Y T RE
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