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Molecular cloning, expression profiling, and functional analysis
of a UDP-N-acetylglucosamine pyrophosphorylases gene
from the Plutella xylostella (L.)

LI Heng, TIAN Houjun, LIN Shuo, CHEN Yixin, WEI Hui*, CHEN Yong"

Institute of Plant Protection, Fujian Academy of Agricultural Sciences/ Fuzhou Scientific Observing and

Experimental Station of Crop Pests of Ministry of Agriculture, Fuzhou, Fujian 350013, China

Abstract: [ Aim] This study aimed to clone the chitin synthetase gene PxUAP and elucidate its function in Plutella xylostella.
[ Method] Based on the genomic information of diamondback moth, the full-length ¢cDNA sequence of PxUAP was amplified using
RT-PCR, and the expression pattern and function of the gene were analyzed using quantitative real-time PCR and RNA interference
(RNAi). [ Result] PxUAP ( GenBank number: OR659549) contains an open reading frame of 1467 bp that encodes 488 amino
acids with a predicted size of 54.985 ku and a theoretical isoelectric point of 6.12. Phylogenetic analysis demonstrated that the amino
acid sequences of PxUAP and Papilio machaon (KPJ20218.1) UAP clustered into a single clade with 80.33% similarity. The devel-
opmental expression profile revealed that PxUAP was expressed at various developmental stages of P. xylostella, with the highest ex-
pression level in the male adult stage, and the tissue expression profile showed that the expression of PxUAP was highest in the legs
and wings of female adults. After RNAi, the expression levels of PxUAP and PxCHSA in the dsPxUAP injection group were signifi-
cantly downregulated compared with those in the control group ( dsGFP injection). At 24 and 48 h after RNAi, the expression level
of PxCHSB was also significantly lower in the dsPxUAP treatment than in the dsGFP control group. In addition, most of P. xylostella
could not pupate and died because of pupal shell shrinkage after RNAi, and the survival rate decreased to O after injection of dsPxU-
AP at 168 h. [ Conclusion] PxUAP is a key regulatory gene in the chitin synthase pathway of diamondback moth and plays a crucial

role in the growth and development of P. xylostella.
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INZR M Plutella xylostella (L.) {3 FRIEHK 7 B
W NGB PSR R, JR 85 H Lepidoptera ¢ ik £
Plutellidae , J"™ F A5 F - F ARG S, 4 BREEAE D /)N
SIS Y 28 45 05 35 40 ~ 50 423870 (AR A
2018; Furlong et al.,2013; You et al.,2013), H
BT, /NI 7R T B R AR A Ak 27 25 71) , 1k
A0 B R T P PR B 7 G A 2k B A ()
WU T B ER T AR AR SRR LR AR 7 i Y o
LA (MR, 2022) o FEARE , /R O X L
97 FhAS [ 2 B4 114 A% HU3R) 77 A T BT (Ma et al.,
2021) o PRI, o S4B Y 25 A A bR, O & B
A G RS2 AR

JUT BURVFZ AN R o R YA i) sl fr
AR . WA BULT By R, LT B
B AR AR . A A S RULT A i
FEBEPHMT, 3 d B W 2 PR B Z JLT BT sE T
(VPR 5, 2022) . UDP-N-Z, ot 420 3 i 2 5 A
2 4k fiff ( UDP-N-acetylglucosamine pyrophosphory-
lase, UAP ) 7 4 ff JoT i 44 Ak PR 15 -5- = 8% R (UTP)
1 N- 2 P 22 35 7] %6 BE-1-8% iR ( N-acetylglucosamine-
1-phosphate,, GlcNAc-1-P) JZ A i, UDP-N-Z, [t %,
F ] %) B ( UDP-N-acetylglucosamine, UDP-Gle-
NAc) , #ETME LT BT, 2 LT Ba i b iy —
NRHEBG, UAP 7R Y M B A Y h A
-GGXXTXXGXXXPK (X fUFRALAT Z IR ) R ~F 45
PR, 78 2E b 2k 7 B R ST (Liu et al.,2013)
B BEAfF 9T N B2 B X K A Bombyx mori L. ( Palaka
et al.,2019) W5 BER 410, Holotrichia parallela Mots-
chulsky (XIJKHGEE,2022) EHZRK K Spodoptera ex-
igua Hiibner ([RIE%5,2014) FIAEH] D Frankliniella
occidentalis Pergande ( Fifi 7K Bi 55, 2019 ) %5 B Ui
UAP S BEATTRE TS, AWM B2 o e e B
T /NSRRI P A — A0 D UAP SR IN (L
TE/NRME LT B il A b i D RE 1 15 B, AR
5K RT-PCR $2AKR 7 [ 40 ik /N RL T i
JUGIE B% Y UAP B: K ( PxUAP) |, 38 i 92 €
PCR BFFE PxUAP FE/NRIEAN R % 7 B BEAIAS [A] 41
U2 FAR B, I A RNAL SORKE R PxUAP
XA LT A i I Rk LR E R A H

fRsgm, LI iR % UAP JE R 7E R dUE K & B it
T A DI RESR HEHCHRE
1 #MEAAEE
1.1 #ilREH

NS Ay A A A B2 e A ) OR3P F 5 B
KMHEZETE b Raphanus sativus L. W E R R R
RFRAN TR (25£2) C HIXFIRE (65+5) %,
JCRRJEIN 14 L 210 D,
1.2 & RNA KJ#ZEUF cDNA K& R

LA Trizol VAR IUNEIE Y S RNA, TR 155
B Trizol ( Invitrogen ) i 5 Ut BH 45, % £ B iy &
RNA i TransScript® Reverse Transcriptase 5% 5%,
& (A as4) B cDNA 55—, I T-20
CHEH,
1.3 PxUAP ER=E

MR /N2 % R 2 08 122 ( // iae.fafu.edu.
en/DBM/ index.php) F' PxUAP R {5 B, v
Primer Premier 5 #4531 PxUAP-ORF 5|¥1( % 1)
HEATY IS . TEAH PCR SR R FIFR T 2 7% i 7K B
Z(2019) , RMASHE M5 L PCR 724, 1
wL 6xloading buffer & FHE, 4 1% By f5 b e i H
TKIATAGIN B S wL 2k i R B S pEASY®-T1
Cloning Kit AR ( jlﬁf?:é:—ﬁt/j‘z\) L AR BRI
W Escherichia coli J& ¥k 24 % 5E 0 B 7% Sk AR
BT A= ) HARAT BRA mI R
1.4 PxUAP EE F 515

ik DNAMAN A6 50 B 3R 45 1) PxUAP 3
PRy 51 B A 1 B e 4] S0 28 11 1 Jo A A
HH, 5, (isoelectric point, pl) %5 ; ffi F SingnalP Server
(http: // www. cbs. dtu. dk/services/SignalP/) il il
PxUAP fﬁ%ﬂi(; {#i F§ Conserved domains ( https //
www. ncbi. nlm. nih. gov/Structure/lexington/lexington.
cgi? cmd=1ps) FUM PxUAP £ H M08 57 45 4 35k,
W1t NCBI Blastx X PxUAP 4835152 15 51| [R] U6 1
WA H OSUAE M E P E EE &
H HSH A bk B 25 H 453 18 MFI Y UAP
B E IR )T 5, FIH MEGA 7.0 $ 4 LL4R 4 1
(neighbor joining, NJ) % PxUAP REGK BRI,
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Table 1 Primers used in this study

5|¥) % FR Primer name

511751 (5'-3") Primer sequences (5'-3")

PxUAP-ORF-F
PxUAP-ORF-R
dsPxUAP-F
dsPxUAP-R
dsGFP-F
dsGFP-R
qPxRP-F
qPxRP-R
PxUAP-F
qPxUAP-R
qPxCHSA-F
qPxCHSA-R
qPxCHSB-F
qPxCHSB-R

ATGTCTTTTGATACCCTAAAGAAG
TCAATGTTTCCCATTCACACCA
TAATACGACTCACTATAGGGACAATGTCGGCCTTCCATCCC
TAATACGACTCACTATAGGGTGCTCTACGCCTCGTTTGGTGA
TAATACGACTCACTATAGGGCGAGGAGCTGTTCACCGG
TAATACGACTCACTATAGGGTCCTCGATGTTGTGGCGG
CAATCAGGCCAATTTACCGC

CTGGGTTTACGCCAGTTACG
TCGAAGCGAGCAAAGTGATACAACA
CCTCCAGCCAGTACCAATACTCCAAC
ATCCAATTCCAGACAGGAGGCACA
GTTCACCACCAGCGGTATAACCAAGT
ATCAGTGGAGCGAAAGGAGGTCA
TGAAACCAGAGCCTACAGGGTGAAT

1.5 PxUAP HIRt = RiXHEK

K RT-qPCR #6500 PxUAP 76/ 1 4h gt i
AT B A K il f S M S R R A AR KGR
B, BEHRIPIAE 1 d /N sl L 20 Sk FHF
PxUAP HEVF 3K 501, B %6 7E 0.01 mol - L' PBS
(pH7.4) G2 P i 30 Hh Sk B 8 0 (AN
o) RS 12,3 4 14 1 d I HER
R A 2 d AR S 3k, PR/ IR K
BBVEBE PxUAP ik M, A RESARTE 1.2 (905
AR HUE RNA JF 5% 5% i eDNA, RT-qPCR £l
PxUAP [ FEXF RN &, BNk RP SEHME N
WS L, AR IR LB B B X R ik e i 1 14 &
) PxUAP Rk it bn S it R[4l R 5 1k
HUERRE) PeUAP Rik s Atnifi s &, B EE 3
Ko RH 272 5 33T PxUAP 3 IR B AR X 3 3k
i, RT-qPCR J 0 1A 28 il s o A 7 5 2% [ 7K B 45
(2019) .

1.6 PxUAP B dsRNA &%

PLGR 5 5% 56 B 1 GFP i X B, F) FH Primer
Premier 5 M3 H T7 B8 TFSIHY dsPxUAP
Fl dsGFP 514y, 2% HiScribe™ T7 HiScribe™ T7
Quick High Yield RNA Synthesis Kit ( New England
Biolabs ) Ut BH45 , LI pEASY-PxUAP F1 pUC-GFP ( 5%
By ARAE ) BORCHRNR  PCR ¥ &6 T7 B3 %
S DNA R B, S8 5 LA B 3K 15 19 DNA Jr BOA AR
WA dsRNA
1.7 RNAi EEBERIESTRFRENZE

Pt/ Nk 4 W4 A (B 1 d) R BAGE
SR 200 oL FEEIKE R 0.5 pg - wL™' dsGFP/

dsPxUAP MBS 4~ 5 5 b 92 AR s ( WR35 45,
2014) K5I i /N e i 4R b TR R
1A i I Bk i B (B Rl 6 i e | SRR OB ) 1Y
NGRS HSL R SR B 12 h GEi ST dsGRP Al
dsPxUAP 25 418 I 25 01 WA R AV AR Ak, F 4
50 ki, A 3 K, [RIET, F5F dsGFP/dsPxUAP
/NGRS 50 Sk FETE S 24,48 .72 F11 96 h, B>
SEPRZABENLE L 5 Sk /NS, R B RT-qPCR Al
SEEE A PoUAP UL LT ot & B8 % PxCHSA F1l
PxCHSB SR [ k500 i A 3 K,
1.8 HUEHST

KR E 22 (one-way ANOVA) - Hr 54 ,
JH Tukey HSD #6455 /IN 32 Mk 4> & B B Be A [A] 4
21 PyUAP FEH ) 272 (5 22 5% 1 1 (P<0.05)
KIS AEAS T 465 55 70 B i 55 dsGFP Fll dsPxUAP
f9 /NS ik AN [ 5[] PxUAP , PxCHSA F1 PxCHSB
PRI PR 22 3K DA S ARG R 0 25 5 i 2k

2 BRESWR
2.1 PxUAP EEMRESEISH

FIH RT-PCR SRS PxUAP JEDH  FFik e i3
HE (open reading frame, ORF) #3114 1467 bp (
1), 4t 488 N EERR , g h & 1 R K IE 5K,
ULHH PxUAP A2, PxUAP 25 FIARX 70
JF 2R 54.985 ku, W AEH N 6,12,

W /R UAP Z MR )7 51 5 oM B AL %) UAP
GBI T AN AT LEXT 38, 25 B3R AL 46 /N S
TEN) 7 A FEI AR ) UAP R ERR 5354 174
AMRSFEIERR IR I AT, o5 H 35.51% , HBIfELE IR
SF YR AE 25 # -GCXXTXXGXXXPK (& 2), /)
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SIS 5 H ) 4 KU Papilio machaon Linnaeus
(KPJ20218. 1) iy UAP & 3 R JF % 8] Y5 M % 7=
(80.33%) , 5 XA H & H  FH# H F8# 5 A2
H EL ) UAP MR35 R AR T 60%

FIH Mega 7.0 344, R H NJ X5 /NS ik 5
ftb 18 FHELH UAPs JPHIMHERG LB W (K 3) , 45
SR, /N UAP 8 R 2 550 7 5 5 53 H
B AR UAPs [A] U8 ¥ &% &, Hoop 5 4 XU
(KPJ20218.1) R KR ; 58 H SGHE HiH
HIK#EE 2850 H H#E B EAEHE R R
[f) UAPs P3R5 R AN T,

-MSFDTLKKH)T VHG|
-MSYETLKERMTAHG
MANLDALKT S@AKHD|
MSRLEEIRNRMETHK]
MLDIGKCKQEMTKYG|
MSDINEIKSLM@LKHD)
MSDVETLCSEMGRFN]

EHLIKFPE@SENEREQ)
EHLIKYQPE@NENERE

EQLLOYQEEMDEDQRR I}
OH L LOFDE@NDVERDE
OHLLRFYDEWSEEERAE
HI LRFQDRPSDHEREE]
SHI LQFQSE@TEEQKTT

SEEINKLDL.
IAGEIGKLDI
'TEDIDELNLE]
IODIDE LNLE]
LLDLQEVNV.
CODVRETNI P
CSDIKEVNV.

Plutella xylostella
Papilio machaon
Aedes aegypti
Ctenocephalides felis
Locusta migratoria
Nilaparvata lugens
Blattella germanica

Plutella xylostella
Papilio machaon
Aedes aegypti
Ctenocephalides felis
Locusta migratoria
Nilaparvata lugens
Blattella germanica

Plutella xylostella [KMQGVLEDF TK]
Papilio machaon IKTQGVLEDIKR)
Aedes aegypti o} P IRDRGILDDLER|
Ctenocephalides felis o] P IRDRGI LDDIER]
Locusta migratoria P IRDRKVLDDIER|
Nilaparvata lugens @ P. IRDRKIMDEIE

Blattella germanica IMBEKWKI SRA)

LTEEASERRNP|ME
LTDEAAERRNP)
ITQKTAE LRKE]|
LSSETAHLRNK]
ITLKTAEQSDI
ITLKTAEMRNN|
ITTKTAEKRNS|

Plutella xylostella
Papilio machaon
Aedes aegypti
Ctenocephalides felis
Locusta migratoria
Nilaparvata lugens
Blattella germanica

DCPSHAKERL LR
DCPSWAKERLLE]
DCATIARAIRT YR
DCPSIAKARLLR)
DTPTARNELY S|
DCPSARNET Y S|
ENPTICRNETF

Plutella xylostella
Papilio machaon
Aedes aegypti
Ctenocephalides felis
Locusta migratoria
Nilaparvata lugens
Blattella germanica

&2

2.2 PxUAP ERERE = RiKENX

RT-qPCR 7 A 45 K, PxUAP 75 /NSRS
KRB BAARAL R RE, Kb 75/ 32k
g AR DR 4 4 U R A R
1 RS 3.76 %, TERCHU e HURIRE s R
IR 1 R4 A 2.76 71765143 , I R HL P Y
Pk WE R TR AU (I 4A) o TEME R HU A
T PxUAP 33k 5 d s, il Sk FHG B 26 38 &K
Z JEH SRR R L (& 4B)

M PxUAP

bp
1500

1000

500
100

PR, N
B 1 /N3 PxUAP EE PCR # 1%

Fig.1 PCR amplification of PxUAP of P. xylostella
NQIPRRSVEASKVIQOEARED LK| 99
NTIJRRAMDSTKVILEIATIBIED LK| 99
NEFKRAT SS LEEGNA LINBKME, 100
NLYQERASSDLGDINGALIRL LK| 100
TSYRRRAVES LTEDQAS LIBBR MK| 100
CSYRMKRASDSMTDSQEMLIBER LK| 100
CTY@KKATET LNEDQ S LIBBR ME 100

[KVPRAER 122
GE@AEY 199

T PJKKY| 200
HEQMDY 200
CPWOEY 200
EP@LNF 200
DSHAEF 200

299

299

D 300

D 300

D 300

o 300

300

BE 7 AENF VC LE| s

EFAEKFICLE 398

OFAEHFVTIE| 400

EFAENF LAF 400

OF ADNFVTWE] 400

PFSSNLVVWE] 400

PFAEQFVIWEMK 400
ENRVETNSPFHLKSSIELPVQNGVNGK 487
KNEVETISPFHLKS.IYESTTNGVNGN 486
HGRTFVS.PVHLMADEEKKSEVVE. . . 484
RNKIVSN.QIVAASEEIILTNGNH. . . 483
INNKTFKS . PVTLLHPSEQS . <« v o v« . 484
GGQVYKS . PLELKSEDENCITNGNSH. 489
SEKKFKP . PVLLRTPQEENGVYTNGCT 491

B H UAPs S EE 5 51 Lk 3¢

Fig.2 Amino acid sequence alignment of UAPs in insects
FHERRIE N UAPs B4R S5 I8,

The feature domains of UAPsare marked with box.

2.3 RNAi T3 PxUAP BEEABRX/NEHRILTRE
BEBER . FERREENIMm

RT-qPCR 5 25 5 7R, f T vE B dsPxUAP
J&i /N PxUAP JEPRIY mRNA 7KF- 52 N R,
5 dsGFP X} HRAAH L, PxUAP LR FE AL FE IS 24
48 72 F11 96 h 43 il Ry X BEZH 1Y) 67.33% ,21.79% .
15.56%F1 11.20% ( & 5) , W5 15 dsPxUAP
B EEREAR T AR IE R A A i, AN, AR TR
TILT A W E 5 PxCHSA Fl PxCHSB 13
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INTEOL, G5R R 7E ST dsPxUAP J5 24 ~96 h,
JUT A i PxCHSA 5%} B2 A b2 35 R
TEVEST dsPxUAP J5 24 ~48 h,PxCHSB k& 5
dsGFP ZHAH L 3 T8 {HAE 72 F1 96 h 5% 4
L ZES AR E(E6) .,

TEIEFRF R R N IR AT R B
TERETTESS IS 24 ~72 h, M 36 h JF LR, dsPxUAP Ab
P45 dsGFP XPHRAMT-FIL B EEF (P<

70

100

56 2

51

66

0.05) ; 7ESG 168 h i AbFRZH MR ERFE T, (HXT
WA 50% MAMRAENE (B 7)o B rT L, T4k
PxUAP LR/ IE A K ZE =4 TR
E5p-A 0N

FAMEELE R R, [T dsGFP J5 48 h K3t
T/ INR IR Z BB T AL , dsPrUAP AbBRAT
AN BRI SE AR | I LA R T vk R 2 0 7 46 ey
TG, Toik e AL 2 (1 8)

Phutella xylostella OR659549

Papilio machaon KPJ20218.1

Papilio machaon AKO90063.1
Spodoptera exigra ACN29686.1

Bombyx mori NP_001296486.1
Ctenocephalides felis AGN56418.1
Musca domestica XP_011292105.1
Phiebotomus argentipes XP_059612279.1
Aedes aegypti AAT48092.1

Holotrichia paraliela WDW19220.1

40

Chirysoperia camea XP_044738659.1

95

Frankiiniella occidertalis XP_026287145.1
Locusta migratoria AGN56418.1
Cryptotermes secunchis XP_023719032.1
Blattella gennanica PSN34428.1

31

—1
—

sa
=l

Diaphorina citri WEV88950.1
Aphis gossypii XP_027837611.2
Sogatelia furcifera AQ360688.1

Halyomorpha halys XP_014289230.1

E 3 19 #E B PxUAP & 8 1tk it

Fig.3
9.
5 8 1
>
2 7 1
o
W .S 6 -
X 2
S 5 A
® &
BE 4
Z2 3
5 2 A
Q
[~
0.
oy N ! o5 N < 5] [}
#3 EZ#f gf 58 25 ¥
— 4 4
g Vg T8 YE zma £t ¥
- = U oo
iz 2 § é A A aa
N N

KB M B Developmental stage

E 4

Phylogenetic tree of PXUAP protein in 19 species of insects

20 1 B a
- 18 1
3 16 A
g & 14 1
92 12 A
®E 10
2 g 7]
b o
s 2 i
£ 6
2 4
5
0-
B2 XK B BY m5 Y
?—35_,: s s = E H
= =)
=1
= <

ZHZ Tissue

NRBENEEMER(A) RARIHL (B) PxUAP EREKIRIE

Fig.4 Relative expression of PxUAP in P. xylostella at various developmental stages (A) and different tissues (B)
HE_ AR k275 JE R AH X b e AN [ % B B B4 2] 22 5 W 2 (P<0.05)

Different letters above bars indicate significant difference in the gene expression level

among different developmental stages and tissues ( P<0.05).

3 itig
UAP B R 2 A8 B3R ) R 440 A , BELKT HE T fiE
X B AR PR A R R, UAP & B LT AR

BRI B2 N 12—, PxUAP TE/N I A%
AT BB R IK R4 RO ERA R 2 ETHE
Fe, 4 W ekt fi e s A I HU LA B A
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SRHSER I | P A6 B 0 S G 4 SR Y UAP JE
PR 2 k58 R B (BRI 45, 20145 X IR 3 55, 2022
Fili K BEAE,2019) , HEI & HU A R & LT DA
W RAEK KT TR, PxUAP (EFN R b KRk,
fil A SRR IR 2, HE AR Rk R R AR, PSR
xW AT RE\ Sogatella furcifera Horvath H' SfUAP
FEF B MR Wi A = 23k, 76k i Fop S b Ay
—EMRIE(EH,2019) , K& BnUAP fER
Fek e, 76 M A RN R IR IR 2, 7E 5 B RIS
Wi AR | S8 /b (Palaka et al.,2019) Ui
W] UAP £ 7E B B 2 p Rk R HE S LT
JEA A 56, AHIEFE rh /NS ik 4 38 F i UAP
B IR R AR IR O LT A B 7oK

A BdsGFP

* * *

0.8 4

0.6 4

0.4 4

0.2 4

PxCHSAFER XTI &

Relative expression level of PxCHSA

24 48 72 96
VESTE (8] Hours after injection/h

PxUAPHERIFHX RIEE

Relative expression level of PxUAP

5
Fig.5 Relative expression levels of PxUAP in P. xylostella

mds PxUAP

‘E 12
mmE 1.0
g
®e 08
=2
Z2 06
H 8
®Z 04
Q 2
Y a
S8 02
<2

E o

[}

o~

BdsGFP mds PxUAP

12 4 ¥ *

* *

1.0 A
0.8 A
0.6 A
0.4 A
02 A
0 - T T T
2 4 72 96

V48 1A Hours after injection/h

FEST dsPxUAP J5/NVEBEE R MEMNRIEE

after dsPxUAP injection
* FoR X RAL(dsGFP A ) Rk
2E5R# (P<0.05)

* indicate significant difference in the gene expression level

from the control group ( dsGFP injection group).

B

* ns

&

ns
8 72

s
24 96
VESTITE] Hours after injection/h

B 6 E5f dsPxUAP J5/NRIEIL T A BESEE PxCHSA (A)# PxCHSB (B) BIEXTRIEE
Fig.6 Relative expression levels of PxCHSA (A) and PxCHSB (B) in P. xylostella after dsPxUAP injection
*FRG X IR (dsGFP TR ) SN A 225 B3 (P<0.05) ,ns FIRZEFARIE,

* indicate significant difference in the gene expression level from the control group (dsGFP injection group) (P<0.05),

ns indicate no significant difference.

=smemns dsGFP

LW Surival rate / %
(%)
=

ds PxUAP

24 36 48 60 72 &4

96
VEYTHT[E] Hours after injection/h

108

120 132 144 156 168

7 ES dsPxUAP 3TN TFE E K200
Fig.7 Survival rate of P. xylostella after dsPxUAP injection
* FORG X IR (dsGFP TR 77l R 2257 B3 (P<0.05) .

* indicate significant difference in the survival rate from control group ( dsGFP injection group) ( P<0.05).
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Fig.8 Phenotypic change of the pupa of P. xylostella
after dsPxUAP injection
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