AW i (P S0) 2024, 33(2) ;: 139-147
JOURNAL OF BIOSAFETY http; // www.jbscn.net

DOI: 10.3969/j.issn.2095-1787.2024.02.005

M EE RNA % H 2 MR 3L R MmEXPA4 008 oy 3006

RIEE? ) Ehihe, i R, Eorset, xR Jiopuet
'"HERRLKRFHYEFFR LA FH 266109; S HIRELHAFERRKT AEETETEI > PO,
RARAFR Y AR FESHEEELE, FEREMAFRCEI) REKBEAFTAT, ) &R K 518120

WE. [ BW) &G 8H 455009 AR BE 1 A0 2F Rt A &R FH RNAG AR 8 H 4R R A K
FER R B A BNGEAR , it — 25 L3 H 350 ) B 4 B 25 St [ 77 VR R R oot 7 i, %
FE MRS AR R K H (W S IE P (MmEXPA4) | RAMG W% 3% B 3UE RNA (dsMmEXPA4) , F
dsMmEXPA4 {3 57 H 258, oF 52 HOM B H AR R AR E . [ 4552 ] 50 AL, dsMmEXPA4 4k
B30 d J5, BT R 5 AR R0 6% T RIS K S i AR 00 I ) 35 MG, qRT-PCR K 45 SR 1, 75 *jijjf;g)“
dsMmEXPA4 4bFHJE5S 4 FI45 5 K, MmEXPA4 3 R 1 %6 1k 1 835 T 3, TTER SR 2 51k 43.96% il

52.11%, IAb, 53 Fluorescent Stereo Microscope Leica M165 FC &, #2¢ AR IC AY dsMmEXPA4 BE7EH 28 I AS: 21 45 ik
ML ETOEMES . [ 458 ) MmEXPA4 S T4 R4 il H 35 M 2R 2 7 St A K AT A B 0, S R RNA TR AR A= 9
B 6 A H 4 42 L FRE SR

KEIA AU S BUEE RNA; AMZZ4E MmEXPA4; IR MRE K

Targeted inhibition of Mikania micrantha root gene MmEXPA4
by double-stranded RNA
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Abstract: [ Aim] Based on the biological characteristics of stronger rooting ability of each internode in Mikania micrantha, a bio-
control technology that inhibits the expression of genes related to root growth by RNAi was developed, providing a foundation for fur-
ther development of targeted control technology of M. micrantha. [ Method] A key gene involved in the root development of M. mi-
crantha ( MmEXPA4) was identified by the homologous comparison method, and the double-stranded RNA ( dsMmEXPA4) was fur-
ther synthesized in vitro. Then, dsMmEXPA4 was injected into M. micrantha roots to investigate its effect on root growth. [ Result]
The number of adventitious roots and their fresh weight, and the length of the longest adventitious root under the dsMmEXPA4 treat-
ment after 30 days were significantly reduced compared to those under the control condition. In addition, the gene expression of
MmEXPA4 was significantly downregulated at days 4 and 5 post-injection. The silencing efficiency of dsMmEXPA4 was 43% on day
4 and 52% on day 5. Based on the Fluorescent Stereo Microscope Leica M165 FC images, it was found that fluorescently labeled
dsMmEXPA4 could be detected through a strong green fluorescence signal in the root tissue. [ Conclusion] The MmEXPA4 gene
could be used as a potential target to inhibit the root development and rapid growth of M. micrantha, providing a theoretical basis for
further development of biological control technology through RNA interference.
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% Mikania micrantha Kunth 4228} Com-
positae B %8 Mikania 244 B AR Y, I
7R RPN R SN (T, 2016) . 1919 4, 7k
T AR, SR M 48 1 A R FR I v v it
B, 2 )5 i ML & 4E ( Huang & Peng,2016) . 1984
SRR A8 AR IRYI(EAA754F,2003) ,2008 4E )5 2
il AR =N (AR A HERE,2014) o F5H
S e Rl I = A R R EAT A PR B PR, X
R I AR Y O Pk SR R ) AT ALk . A AH
G2 BA AR BE Sy, o S D iR K
U RE PR AT S AR ), T B AR ) e 1
TR A 25, 7™ 5 I U0 e T, RO, i
HHPOA N Z M+ KA FREZ— A YR
TR, R EMOl AR 5E S 4 A VA AR
(HPWELE A5, 20025 JA R, 2004) o BH 38 I A R
gl ARl B 1 ™ HE U AR R Y 22 542K
AR SR 2 8 FRC A A P e R (% v A
2014) . HHET, X g% H 48 B B 45 07 i FE AR Y)
Rorgie N BOHLAMB™ B |k 25 Bk e 5 i | R
U ECTEA S TR R A W R IR S SR LR B B
RN (RS 20125 2R B4, 2019; 6K
FBVTAE, 2018 FESRFESE,2013; RE 5%, 2021;
Macanawai et al.,2015) . HSRIXELT R3] By v i H
A —EROR B TERCRAR 4855 WA 15 25 B A
(TRiIESE,2017) .

RNA T4t ( RNA interference, RNAi) J&—Fh
ZAFTE T A A e BE DR ST (0 % 53t ) Ak DR 0K
A (Fire et al.,1998) . AU X4 RNA ( double-
stranded RNA, dsRNA) BE4% D Bk J& 5 #h Be X 69 7
2RI AHAE I RNAT AL, B A [ R ¥ A7 mR-
NA ( Ghildiyal & Zamore ,2009; Whangbo & Hunter,
2008) . IEAESR, HET RNAi £ AR MRS 8 0 T4
WH W E 68 EH SR BB (Guo et al.,
2017; Palli,2014) , Mao et al. (2007) FFH RNAi £
A FL ) K (CYPAE14) BYMHEE Nicotiana tabacum
L. 4§ #5348 M Helicoverpa armigera ( Hiibner) ENISTER
223K, Reddy et al. (2016) IARES HILT B3 A
chitinase A #EFR A HE dsRNA 235 14 J PR A0 5
& i Solanum lycopersicum L., B4, FIH] dsRNA UL
#R V-ATPase JE K 0] DL SZ BB BR324 8% Eriosoma
lanigerum ( Hausmann) ( Guo et al.,2022) | =M -BEH
W Liriomyza trifolii ( Burgess) ( Chang et al.,2021) |

oA s i 4 Phthorimaea absoluta ( Meyrick ) ( Rah-
mani & Bandani,2021) 55 #, FIH RNAi £ AR7E
Y LB WE 5Tt A A R IE, 41 Kiselev et al.
(2021) 38 1 A 58 S U5 T RNAG 9 28 B3 2% F A
dsRNA FENFd ST Arabidopsis thaliana (L.) Heynh. I
IR AR 2 B, dsRNA 78 K5 ) 3R R
ST T NPTIL $0) S8CR 4, ELIR AR Wit #1 B2
WAL B L5 375 FEARD Ak BRA ISR 98

I, AT RNAL AT 4 i 2% 55 A= 4 7 1 Y
WEFEE BN, i LR RN H] RNAG I 3 H R
PUPEZR R (PR R AR5, 2013) 1 RNAG £
ARTERH 2 L 5E, BT Mai et al. (2021)
FIFH 3 FhEAUHY RNAI 43 4061 1 ok H 24 %
a/b GG FIRYRIK , BUEAH 35 1 )48 B R
22 | IX 21 YO Bl H 35 BL D AR W) 27 D RE R AT 5
AR SCNFEE Tl A A AR %) R AR Ry A BIESE R
RNAi SR i AR A AR SCEE DR 1) 2 I8 XA PR 19 52
Wi, 3 3 RNAL SR 3cH 4 24K K 7 S Y
0] B 4R ST S A AR
1 MRS
11 #R5H

TP RE: 2022 4F 2 AR ARA BN T RIS H
DAL Be A R SR AH s A1 R E T
FIRIEAR SR SR (A 9 em) H, G SR ML
FERBOK, IRIFF T K 7R, R AEMRE RS,
B 2 7R 2 B RS B S A A 2 QR A
EFRW 96 LB OMIARE TR &, TOURM L : D
=16 h : 8 h R 25 C MIXHEE L 80% Hy i = T
Bige S A 4 v 5 R AT

i8] . Plant Total RNA Isolation Kit Plus ( &R
PR T ) (DNA BERE [mCR) & F 5kE DNA
NG & (= RAEWH AR L F)  pMD™
18-T Vector Cloning Kit ( TaKaRa =¥+ RS F]) |
T7 RNAi Transcription Kit (1%“&%95%&*/1}31) N
Hifair® III 1st Strand ¢DNA Synthesis Kit 2 x Hieff®
Robust PCR Master Mix ,DHS5« fh2# /832 A 41 2%
Hieff Canace® Gold PCR Master Mix 1= {5 EL iff i 1
WA Hifair® Il 1st Strand ¢DNA Synthesis SuperMix
for gPCR ( YESEN A=#H AR

%% . PCR "4 4% T100 thermal cycler (3¢ %
Bio-Rad A 7]) fil i = v R B O L M1324R (
Pl IR A 0 W) ORIl M1324 ([ B
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RG] R 5 5MELEE T ND-ONEC (3£
[ Thermo Fisher 23 w]) XA 22 I HL 3K {X DYY-2C
("PEHEES—2AF]) AHPHAWFEAL (b E T
B 2 2N Al ) | Fluorescent Stereo Microscope Leica
M165 FC (fE[E Leica 2AH]) o

1.2 &

12,1 fryGSe AL W oy i 2 AR SCHR I 2 ) 7E 40
FAITH B B SR L E O DG T RE Y
AtEXPA4 (Liu et al.,2021) i@ g Blastp FLXT, L) e-
value fH<e™’ Adentity>80% MRt , it 4% H 28 1Y)
e P 3 ok [R) e, He B R W, A
A [F) 7 3% 0 326 28 fE i Chrysanthemum nankingense
(Nakai) Tzvel , [W] H %% Helianthus annuus L. Fl 5 &
Lactuca sativa Linn. FEZEILE , {#F MEGA 11 3K
£/ neighbor-joining 7T IEH R G K B W [ SHk
‘BN P-distance modeling, bootstrap ( 1000 X ) ¥
W, I Clustal W 33500 17 328 5 19 34 H 48 1Y OC B
R IE R 5 L R IT EXPA JE R B & L R )7 5 b 4T
Z P HI LR | M O B Ao e PR 1) 45 5 TP 971

122 #FHAKESH M NCBI (SRR8857616 ~
SRR8857640) F#k M. micrantha AR Z e 541
Bl T IR L2 (Liu er al.,2020) . R 7 14 BRI
ek B b A R 22 AT DT B o IR T E (Y

reads: (1) 50% B9 read F& i i & {H Phred ik T
20% 5 (2) — read L% BT 10% By LERFE N
B S 8] HISAT2 v2.1.0 BB BRIA S8, W i I
1Y reads BESTE] M NCBI ( PRJNAS28368) T #% 1)
M. micrantha 2% %:H 4, i Samtools v1.1.3 &b
HU5 , I HTSeq-count v2.1.0 T8 BB ) 32 114
SRIG TR e HE PR Y R K5 & (transcripts per mil-
lion, TPM) ,

1.2.3 RNA G E &l N G P ek
H4Gn 4 RNA, cDNA £ —8E 5 82 B0 & i
A ##4T . Al A Primer Premier 5 %11 PCR 5|
Y(F1),PCR Y M AR R L4 cDNA 1 pL,
LR HSI4 0.5 wl,2xMix 12.5 wl,ddH,0 10.5
pL, BUIRAIETE PCRAY BT, RN FRIT .94 C
ALY 5 min;94 CAEME 10 5355 CiB Kk 20 5372 C
FEAH 10 s; JEFR 35 ¥R ;72 CLAEM 7 min, FH 19%%5E
JEEHR TR AN H 8 4541 R/, B R B [l e K 4k
At B & U B AT, el B B R B
55 pMDI8-T vector 4% , 4% 7 W 5 AL B K AT
DHS o /B2 A A, Ul B2 18T, G 43 A R R A 7
DU S0k, 43000 TE 4 %) TR R 4 R I 20 C
UKFEFETN .

*1 EEZE.dsRNA G FRKHEEE PCR K549

Table 1 Primers for gene cloning, dsRNA synthesis and fluorescence quantitative PCR

GIE RS E(5 103") RI(5 t03") HiY
Name of primer Forward (5’ to 3") Reverse (5" to 3") Purpose
MmEXPA4 ACTGCTCACGCCACCTTCTAC GACTCATCCATTCGGTCCTTG FER FLFE Gene clone
dsMmEXPA4 TAATACGACTCACTATAGGG TAATACGACTCACTATAGGG dsRNA & h% Synthesis of dsRNA
ACTGCTCACGCCACCTTCTAC GACTCATCCATTCGGTCCTTG

qMmEXPA4 GTAACTGGGGTCAAAACTGGCA CCAAGATGTGGAAGTGCGATG qRT-PCR

qUBQI10 TGCCGACTACAACATCCAGAA CCGCAGTAATGCCGATCAAA qRT-PCR

qGAPDH TCCAGGAACCCAGACGAGAT AGACCCTCAACAATGCCAAA qRT-PCR

1.2.4  dsRNA W& & 8 LRI Y3 H
) Bes 1 5 s b T7 Ja 8hF )3 51U4E R dsRNA
BRI 514, it PCR A A T7 Hah 71y
AR, B 1) AH N 1 % 53 B2 A4 %R ;10 X Transeription
Buffer 2 wL, NTP Mix 8 wL,T7 Enzyme Mix 2 pL,
¢DNA 2 pg,ddH,0 EZAZE 20 wl, BRI B 05 s
F PCR 441 37 CWFEHE 3 h, 2RI 4T WA 1k, 76
SN AN Il RNase-free H, O 17 L, DNase 1 1
pL RNase T1 2 pL, BEET &0 5 R T PCR AU H
37 CHWER 30 min, HLUKAGINHE 571 X e S5
PR AT a4k, (88 B 43 % O B 3 Nanodrop

once il HAKJE

12,5 ROEARIRTE 4 TS dsRNA JE AHLY)
AWML, K H Fluorescein RNA Labeling Mix #1
it dsRNA: 7E dsRNA & A & Hin A Fluorescein
RNA Labeling Mix, {#i F§ T7 Mix 7£ % & i #2 Fo
Fluorescein RNA Labeling Mix YEMJEYIINA R H &
B dsRNA LA 4 0 Fluorescein-12-UTP 45 ict
dsRNA ,Z: 8 T7 RNAi Transcription Kit 325 &5 /1) 158
B P % dsRNA, HLIKAG I dsRNA 58 B 1k 45 il
U POC YR IR )T XA PR AR R, 5
d FTEZOL WG N A FIOUE T WEMR R,
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1.2.6 dsRNA xt# & F #9716  wHUR R KE—
A EH 4G AERERE ST 175 ng + wL7' A9 dsRNA |, K
Rt s WS AR E TOE R L : D=16 h
: 8 h YL 25 °C AMARHEEE 2 80% A= rhas S , WL
FOFCRILAREL, 7t RNAD X HEEE R RA 1Y
SUMR 23N dsRNA F CK (5 7K VX 1R ) A BRS 1,
2.3.4.5.6 d WAERR PR A9 & RNA $% 1R Bk
A8 cDNA, R Fl qRT-PCR #6300 H 110 38 P 4 25 14
KV, ¥ £ 5 K GAPDH ( AGL: AT1G13440) #1
UBQ10 ( AGI: AT4G05320) {4 qRT-PCR 1) N5 3k
[Al ( Czechowski et al.,2005) . iRE:HEAT 3 IRAEY)2F
BN EE T 2 W ARER, R
Ji1f, LA dsRNA Fll CK (TR 7KAEXTIR) VR A 3L, FA4~
SEFEHEAT 10 M EY S E A AREE 30 d RSP
TESTRPRRE ASEREE AR
1.2.7 SGitatr RA 2R R R AR,
qPCR BE LIV SHE e bR 22715 A ST AE AR 7
01 S PR = ) 22 5 1 2 2 M, ] GraphPad 8.0
1 SPSS 25 B HEATGE T B FAER (p<0.05)

2 H#R5H5WH
2.1 BEHHBEFRERMNEE

FIFH IR XS 00 073 B 40 R JT AtEXPA4 12,
B A 5 4 16 H 3% AR S E S %
FEP2H S LR ) EAT Blastp He XS, HH%5E 17 4
EXPA4 HLAFIEIEN, Foh g H 48 7 4> H 2% 3
AN BEAENG 6 1> HE 1N (R 2)

PR AT R Ok [ 5 DN FR B EXPA A

RN 44033 (B 1) A H 48 (Mm13G031031
Mm17G037504 F1 Mm07G018251) 5 | H & ( XP
022037293.1) . 5 ( XP 023755180. 1) #1545 £ ki
( CHR00077221-RA FII CHR000737008-RA ) &y —
A3 3 RIS R A] BE EA AH R T g . 1148
A% ( CHR00082705-RA . CHR0O0064184-RA ) 43 il
S F R — 1 3, R WX 2 AN AT BE DD RE A
b, Mk, 2% H %5 ( Mm08G020636 , Mm01G003245 |
MmUnG044647 F1 Mm14G033446) LA & 7] H 2% ( XP
021973805. 1 A1 XP 022018223. 1) A1 %4 4£ ki
( CHRO0009179-RA . CHRO0006829-RA ) 5 # 74 I
(EFH57928.1) ¥ )@ H EXPA R A—10 k%, 5
W AR S A 6 A ik A L, Bk T2
(Mm14G033446) S54RIt (EFH57928.1) A5 8K 1)
LK F, H Mm14G033446 14 identity 5% 5 , A
JEN 84.49% , e-value 1535 1.39¢7', W46 LA
Mm14G033446 Ay & Hfige 6 55 A, i B I A% 1 TR
JFH) LR 3,

BRI T K EFH57928.1 (AtEXPA4) & T
PR M EXPA WA , 81 28 FE R LT 73 #r 45 2R
Wk (K 2), # H 3 Mm14G033446 5 48 /4 I
EFH57928.1 HA 8 m& iP- <F B 25 8 3800 A &
L BH 35 Mm14G033446 BT ML B 3 Ji 2 1 45
FREAE 76 N S A 8 /NMRSF P e 2 IR Bl 56 Al — A~
HFD {RFEEHIEL, C v 4 i DR SF 1Y (A IR 5%
F(F =% ,2017) , I ULHED 2% H 25 Mm14G033446
ST EFH57928.1 174 AR [Rl o L fie .

F2 FEHMEERER
Table 2 Selected targeted genes
Fiﬂiiﬁ%ﬁlan RAT e Blastp HOXJS i h (03 L e ffi
of genes Functions available Genes screened after Blastp comparison Identity/ % e-value
AtEXPA4 FEE ALEXPA4 REIH #H % M. micrantha Mm07G018251 82.072 9.74e™148
(Gene ID; AT2G39700; i EARAE KRS Mm17G037504 80.934 4.71e71%
GenBank: EFH57928.1) AtEXPA4 gene is kno— Mm13G031031 80.156 2.24e7 17
cked out to slow the Mm08G020636 82.278 9.51e7'%
growth of axial root MmUnG044647 84.190 1.39¢7160
MmO01G003245 84.190 9.51e7'%
Mm14G033446 84.490 1.39¢7160
W] H¥% H. annuus XP_022018223.1 85.039 1.15¢719
XP_021973805.1 86.885 1.34e7 16!
XP_022037293.1 82.879 7.59¢710
AN C. nankingense CHRO00006829-RA 85.259 8.37¢164
CHRO00073708-RA 81.712 1.03¢71%
CHR00077221-RA 80.934 2.23¢71%
CHRO00009179-RA 83.665 2.95¢71%8
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CL Y RRIR IS ]
Functional verification
of genes

AAT e Blastp HLXH I 0 i Hh 1O 3 )

Functions available Genes screened after Blastp comparison

AR
Identity/ %

e-value

CHRO00082705-RA
CHR00064184-RA
L. sativa XP_023755180.1

P
i

82.524
88.710
82.490

5.52¢7 13
1.76e732
1.42¢7192

XP 021973805.1 Helianthus annuus
9 . : p
MmO01G003245 Mikania micrantha
MmUnG044647 Mikania micrantha

XP 022018223.1 Helianthus annuus

Mm17G037504 Mikania micrantha

XP 022037293.1 Helianthus annuus

Mm07G018251 Mikania micrantha

EFH57928.1 Arabidopsis thaliana

@ Mml4G033446 Mikania micrantha

2 MmO08G020636 Mikania micrantha

CHR00077221-RA  Chr. ’ nankil

XP 023755180.1 Lactuca sativa

CHR00073708-RA  Chr h nanking

6 Mm13G031031 Mikania micrantha

0.050

E1

BHE T REASHUMMT REANRELTHIN

CHRO0006829-RA  Chrysanthemum nankingense

CHRO00009179-RA  Chrysanthemum nankingense

CHRO00082705-RA  Chrysanthemum nankingense

CHRO00064184-RA  Chrysanthemum nankingense

Fig.1 Phylogenetic tree analysis of 7 expansins of M. micrantha with the expansins of other plants

£3 FEHMOEEEERFT]

Table 3 Selected targeted gene sequences

AR

Name of gene

HIEL P51 Target gene sequence

Mm14G033446 ~ ATGGAGGTCAGGGGTGTCGGTTATGCAGCAATTCTGTGTGTTATTTTCACAGTGGTCAACGCTCGTATACCGGGAGTTTACAC
CGGCGGACAATGGGAGACTGCTCACGCCACCTTCTACGGCGGCAATGATGCCTCCGGCACCATGGGAGGTGCATGTGGGTA
CGGTAACCTATATAGCCAAGGCTATGGTGTGAATACAGCGGCCTTGAGTACTGCTCTGTTCAACAATGGGCTGAGCTGCGGT
GCATGTTTCGAGATTAAGTGTGTGGATGACCCACAGTGGTGCCATCCAGGCAGCCCCTCGATTTTCATAACAGCAACCAAC
TTCTGTCCACCTAATTTTGCTCAGCCAAGTGATAATGGTGGGTGGTGCAACCCTCCTCGAACCCATTTCGATCTGGCCATGCC
TATGTTTCTCAAGATTGCCGAGTATCGAGCCGGAATAGTTCCTGTTTCTTACCGCCGGATCCCATGTCGAAAGCAAGGCGGG
GTAAGATTCACCATCAACGGATTCCGTTACTTCAATTTGGTTCTCATCACCAACGTTGCTGGAGCCGGGGACATAACGCAAG
CATGGGTGAAAGGATCAAGGACCGAATGGATGAGTCTTAGCCGTAACTGGGGTCAAAACTGGCAATCAAATGTTGTGCTTG
TTGGCCAATCACTTTCATTTAGGGTTAGAGGCAGTGATCATCGCACTTCCACATCTTGGAACATTGCCCCAGCTGACTGGAA
ATTTGGTCAAACCTTTGTCGGGAAAAATTTCCGAGTCTAG
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EFH57928.1 IK-LAILFTT FRIMNBART PGVYRSIGEIAWONAHAT FYGGHDAS GTMG
Mm14G03344 6 VRGVGYAATILCYIIITVVNEERLEVAYTECOET N-Ng R ElEN |l eyy (e
] o0

GACGYGNLYSQGYGNTAALSTALFNNGHISCGACFE® WD PQWCHSIGS 929
GACGYGNLYSQGYGYNTAALSTALFNNGIBSCGACFEM] Dinjeji[essiPely| 100

EFH57928.1
Mm14G03344 6

L L]
EFH57928.1
Mm 14G033446

EFH57928.1
Mm 14G03344 6

| 2K J 4 ¢
EFH57928.1 MSLSRNWGQNWQSNIRWVLVGQSLSFRVN SNEQ)EloNy 249
Mm14G03344 6 MSLSRNWGQNWQSNMYVLVGQSLSFRYV I DRKigeloly 250
EFH57928.1 FVGKNFRV Ayl
Mm14G033446 |3eReNPRY 258

49
50

|
QPSDNGGWCNPPRﬁHFDLAMP Q 149
II TATNFCPPN3AQPS DNGGWCNP PRiiH FDLAMPUFLKI ANYRAGI VN
|
0
PVSYRRWYPCRKBGGHR FTINGEIRY FNLVLITNVAGAGD IYSARVKGSRT AL

O LItEmIIEC
Cysteine residue C

HFD R 51 45 #445k
HFD conserved domain

¢ OEIRIIEW
Tryptophan residue W

2 BHFXBEEEERSHATHEERS FIILEST

Fig.2 Amino acid multi-sequence comparison among key candidate genes of M. micrantha and A. thaliana

2.2 TEHHW EXPA4 ERMARREER
TEGETH o0 A Z i, IESCHE B v el DR AR 3Rk B
TeFRB R (FERA AL TR £ E R 1 TPM
B <5), B F % & HFH MmUnG044647 Fi
MmO01G003245 (1°F-¥ TPM {# i [l % T 5, Hc5
K, AWFFREETHH 24 EXPA4 e 5L 1Y 5 AN
DT TANRIHEUE it AR 2RI 2RI 1 5% s 48
Wt (B 3), 45 R & B, Mm14G033446 F
Mm13G031031 %t K 7 i) R 38 & i =, H
Mm13G031031 FEH7E 5 AHLUH A2 TPM {E1E
FEITE 6.37 ~ 311.38, Mm14G033446 FE[RI7E 5 P4HEL
24 TPM (B ALE 5.37 ~ 78.02 ; Mm08G020636 %t
FE R R 25 3R G K, Mm07G018251 FiI
Mm17G037504 7546w ik | J5 HAEZEh Rkl
I, Mm07G018251 Mm17G037504 . Mm08G020636
FENTE 5 AL 934 TPM {E 8 [ 23 51 7E 0.18
~118.87,15.25 ~ 298.82.0.00 ~ 5.02, {H {1 T
Mm14G033446 1 identity % 5 , FH{LL BN 84.49%,
UESET Mm14G033446 F R by 56 i 32k 36 A 1) =R
52, Mm14G033446 F AR AR g 3258 AEAE R 1)
TR BN TRAZE, R R IR B L, W R
R AR R 4350 i 4.05 A1 3093 £%, HLZE
0.55 fi%, LZERm 113,514,
2.3 dsRNA X170 H 3 R iR 0 E B 9 #0 H 35 R
FHRICEF Y dsRNA 5 8 SRR A B R4l
Y15 dJ5,i8id Fluorescent Stereo Microscope Leica

M165 FC #EATEUE,, 25K W, 76 BB T g
FEMRAR 2R A BRI 2R (0O 1E 5, R B 1
HR R DA R W A/ e B T BRI ) dsRNA (&
4), RE AT J5 £ B9 RNAL o & (F X%
Mm14G033446 fit 44 5 MmEXPA4)

B H 28 MmEXPA4 3£ qRT-PCR A& 45
FW],7E CK Fl dsMmEXPA4 235 1 d i MmEX-
PA4 BIAHXT P340 5530 0.84 F10.74 1554 (8]
T EE R A 2 A 3 RIEEEKN MmEX-
PA4 NGB 55 1 KRR A MR AR, BI7E
CK 1 dsMmEXPA4 2P, MmEXPA4 (1)K ik
Jolw AR, SR, KBRS 4 5 KA EE L R ) R
2T DUBRACE 730 R 43.96% F152.11% , #) 4b
S5 6 KB P 1y 3k MK B 1E# KF It
A AEFRFEEE 1.2.3.4.5 Fl 6 REYX R4 (CK) *F
gk e A FE 4 ( dsMmEXPA4) 20 91 & H0.13
0.04.0.06.0.78 .1.09 1 0.14 1% (& 5) ,

Mm14G03344¢ [N Bl Verix

Mm13G031031 B B B’
Mm08G020636 [ | !
Mm17G037504 B [ 0
Mm07G018251 [N N

RU TG R ME &

(=¥
m#(g
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9
e]

[~4

Flo
Lea
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-

)
3 REEREARARPNERE
HiERIKBER
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Fig.4 Microscopic observation of dsRNA uptake in roots soaked in fluorescently labeled dsRNA solution for 5 days
AR B POERIFC T dsMmEXPA4;C: &l
A; Excitation light; B: Fluorescein labeled dsMmEXPA4; C: Combined labeling.

n
|

o
1

o
n
1

MmEXPA4 3R I3k

mm CK == dsMmEXPA4

ns

=

Relative expression level of MmEXPA4
1

1 2

ns
ns ns |

5 6

Fﬂ Tlme/d

B 5 FEAELIE dsMmEXPA4 3 ¥0E F K% 8 A 3200
Fig.5 Effect of dsMmEXPA4 on target gene expression at different time

i o oR A ¢ RIS 9625 S 3K (P<0.05)

* FER N IR A RNAG 43R 27 8] (1) . 3% 22 5

BAARIEIFRIR n=3 NMEYFEZ RS ERF B EMIRERE,

tins RN ERESR,

Data analysis was conducted by ¢-test and the difference was significant (P<0.05). Each bar chart represents the average of n=3 biological

replicates and the standard error of the mean. *

2.4 dsRNA X8 HFHERIE KN

WS A 4 7 B sk 28 4 i, 78 CK i
dsMmEXPA4 ZEFEN | WLAEHE PR 19 I 8728 Ak I %
Bin, WS 30 KRR ARG R KW, 5XF
HEZHAA EL , dsMmEXP A4 435 A A 8 AR 0 50 i
firf J RN A KON R K I W E IR (B 6) . I
WARKFM T (CK) S KA E R B 321,32
em, dsMmEXPA4 Zb3 )5 fie 4 A 8 AR A~ 280K 3 ol
12.36 cm , % HRZH Fe K AN MR- BE (CK) Heab
B2 ( dsMmEXPA4 ) & 0.72 f%, &b ¥ 4
(dsMmEXPA4) &z & A @ AR B K BRI T
42.03%, IEHAERKEMEHT (CK) A ASER B
T K 0.09 g, dsMmEXPA4 40315 Fif A 7 5 AR 1)
S EE R 0.03 g, XF BR AL T AN 2 MR A 1 £ fif
(CK) LA FEZH ( dsMmEXPA4) & 1.56 1%, kb 34
(dsMmEXPA4) FF 45 A 8 AR (1) °F 34 fif R i T
60.94% , 1EH AR ZAM T (CK) i A e R 71
il 37.00, dsMmEXPA4 2035 BT A A 2 #R 1
BB N 18.40, X HEAL T A AN 0 AR 11 7 35 B

. Significant difference between control and RNAi treatment; ns: No significant difference.

(CK) FLAbHH2H ( dsMmEXPA4) & 1.01 5, Zb P 2H
(dsMmEXPA4) Fr A7 A @ AR 0 ¥ 80 i B AR T
50.27%.

dsMmEXPA4

6 dsMmEXPA4 432 30 d JFHEKEE R
HIRBIGER
Fig.6 Phenotypic results of plant samples treated
with dsMmEXPA4 for 30 days

3 iTig

FEAWFFE A BAAR 5 d 5, 50 M 2
R ER R P RARIC K dsMmEXPA4 ¥ & 1%
R W AL/ 5 W B, R IC 5 1 dsMmEXPA4 7E A Bk



- 146 - AW B A R (h3E0)

Journal of Biosafety %33 %

R Z B B AR 1 (B 5O 15 5 R DR 7R AR R
TS 25 T i a2 4R (0GR 5 T s Fl, 4
W dsMmEXP A4 5 1038 1% FIAE A 14 P9 B 4 L,
REFATIS 221 RNAL ff #2, ZRHF5E qRT-PCR 45
RN, 7E CK Fl dsMmEXPA4 ZbF 545 1.2 F13 K,
HRFLIR MmEXPA4 (3R 3K/ JC b 35 25 5, X EZH 1
¥k & (CK) M4k 3 4H ( dsMmEXPA4) 43 91 &
0.13.,0.04 F10.06 %, Wi 8] JC i 25484k, #EiX v]
FIE 554 0 1 P P 7 AR BT A A G B e A RS S
dsRNA T 5 2 A6 AR AR B, ik & 1 8% H 48 19 7 18 HL
il , FHEOEH TGRS, B i3 3=k KT
B SR ALFEES 4 5 RINELEAR R L RET
JA HEMIBEE RNAL 250 FR W N, s ka4 1
F UM, H ) FE R 28 S A A HE T
PERCRASZ R =, A WF 5t B 1Y) dsRNA k4
175 ng « L™ $EI0 AT BBt F A9 v BEAIG, J 22 7T LA
FEAE i dsRNA MMk, BRI 5E 6 KA 1Y)
FEIRMKA B IE H KF, #E ) dsRNA 7] 58 77 75 4 fift
MG, AT R, 76 B U | dsLsStre MK K
H\ Laodelphax striatellua (Fallen) J& , % #03E [K K 35
AR A 46%, (HIE45 A 9K bR ST BB
CQD A2 )5, RNAL 2503 i 35 $2 5, 1 41 53 30l o
78% 1 84% ( JH 245 ,2021) o BFAKER AT dsSRNA
TRA R AE R 1E Aphis glycines Matsumura fABE |
48 h J , HARP SR SE P 3k B B 3 R, FIRAOR
5115 95.4% (Zheng et al.,2019) , NHEE dsMmEX-
PA4 WIBH 45 0 THRRCR , 5 2 0] LLSS & 90K b1 kL
VAT AL5E | 18 PR 1% dsRINA, L 4 435 317 4] 0
B P 3k R IR st ]

dsRNA (A& AN GE R AR 55 ] mRNA 19 3%
KK, IR RE 51k AR fb, 7E AR BF 5,
dsMmEXPA4 Zb B A% H 2R & 30 d J5, SXF A
(CK) # L, dsMmEXPA4 4h R A9 fe K AS 8 MR K
A, WA A ER IR B E R KA
WK ES T A, 5XF A (CK) 1 H, 4b B4
(dsMmEXPA4) s KA E AR 1K E Ira A e
R P 24y ik o R A AS 2 R A ST 349 50 43 i) AR A
T 42.03% .60.94% F 50.27% , 3 B IR 2 F /1 2%
LRI UTER AR OE

A FE G5 A FOBE DR 2 3k 8 1 30 361 A B A
PRARAS S AGRAE | 1 — A UESE T MmEXPA4 SR 1)
AR B, e A K & B L R R Y

e WA YR AE R AT ST REANS 5
BT ZH AU . AU N T, AR i
T 2 — VR IR E R B o 3 A U B 5
it S TR], A 38 ik 1) 3 A 38k dsRNA
A=W R AR AR AL A H 3 B Rl AT A
LT R IEA

S 3Lk

SREL, JR/aR, 2013, RO P 22 HBUR BRI A RNA T
AR B R . B R 2, 35(5) : 30-33.

ERAe, TR, W, BRE, BRIIE, 2012. RH B 2,
4-D ZHECXT A H 4B s, F BR S @R, 28(21) .
237-241.

[t , 2016. fUH 4 PG LRI AR . AR E 2L
(16) : 50-51.

AN, WILAE, 2018, B H 4B A F s . APt Rk
RFRFR, 31(1); 66-71.

BRI, Mg, N, PSR, Kb, PR, 2019 56
BRI H 2 B ST . A %A SR, 28(1); 1-6.

B, ol (TEE, B, SHARR, MR, 2017, KDY
JRFE I BE T R M 5 8 FNERIR AT, Rk £ S AR F R
25(8): 1289-1299.

ABlgiter, shiREwE, BRI, XISCHL, ZRIFIE, 2857, 25m
L, 2002, FEFHISPRAFIH A BT, T R R LA
(1) 43-45, 48.

RE, T, INEZ, AR, 2021, 5 Flfl 22 BR 2 5050 3%
H AR IR R KO A AR (5 . AL R AP, 47(4) .
269-275.

TAAFR, BESCH, &R, e, R, m =40, 2003.
P H %5 Mikania micrantha 769 E R, .0 K F 5 R
(B RAFR), 42(4) ;. 47-50, 54.

RRHE, Wuite, Z2is 18, 2014, Ahk AR A% H 2578 2 M
IR 5153, F kA3, 43(6) ; 40-43.

Mg HEEA ) SRS 2014, SEHEE T AW H %
AOIE NP S AR, A S RFE SR, 23(8) : 1258-1264.

g, e, R, S, A, kAT, R EAE,
2017. B H 2 B R I 400 351 HC PO AR B8 T B 36 45 it )
. A SHRBEFIR, 26(6): 911-918.

Jal s, 2004, 3R K RE M AR F A K A IR KL Ay
Hr. M, 18(2) . 97-100.

RN, ORI, B, B, B, 2013, S HATE
WA H A MR IR, S3rak A2, 42(1) ; 46-52.
JAR, RSef, KRR, Wil A%, B, TEE,
2021, YR F AN K CE RNAL BRI, &k %

3, 64(10): 1153-1160.

5



5 2 1

PRIE 245, XUE RNA X 2cH 25 MR FE R MmEXPA4 {58 1) 0 41

- 147 -

CHANG Y W, WANG Y C, ZHANG X X, IQBALJ, DU Y Z,
2021. RNA interference of genes encoding the vacuolar-AT-
Pase in Liriomyza trifolii. Insects, 12(1) . 41.

CZECHOWSKI T, STITT M, ALTMANN T, UDVARDI M K,
SCHEIBLE W, 2005. Genome-wide identification and testing
of superior reference genes for transcript normalization in Ar-
abidopsts. Plant Physiology, 139(1) : 5-17.

FIRE A, XU S Q, MONTGOMERY M K, KOSTAS S A,
DRIVER S E, MELLO C C, 1998. Potent and specific genet-
ic interference by double-stranded RNA in Caenorhabditis ele-
gans. Nature, 391. 806-811.

GHILDIYAL M, ZAMORE P D, 2009. Small silencing RNAs: an

expanding universe. Nature Reviews Genetics, 10(2) ; 94-108.

GUO L, LIANG P, FANG K, CHU D, 2017. Silence of inosi-
tol 1,4, 5-trisphosphate receptor expression decreases cyan-
traniliprole susceptibility in Bemisia tabaci. Pesticide Bio-
chemistry and Physiology, 142, 162-169.

GUO Y, FAN Y J, TENG Z W, WANG L Y, TAN X M,
WAN F H, ZHOU H X, 2022. Efficacy of RNA interference
using nanocarrier-based transdermal dsRNA delivery system
in the woolly apple aphid, Eriosoma lanigerum. Archives of
Insect Biochemisiry and Physiology, 110(2) : ¢21888.

HUANG F F, PENG S L, 2016. Intraspecific competitive ability
declines towards the edge of the expanding range of the inva-
sive vine Mikania micrantha. Oecologia, 181, 115-123.

KISELEV K V, SUPREN A R, ALEYNOVA O A, OGNEVA Z
V, DUBROVINA A S, 2021. Physiological conditions and
dsRNA application approaches for exogenously induced RNA

interference in Arabidopsis thaliana. Plants, 10. 264.

LIUW M, XU L A, LIN H, CAO J S, 2021. Two expansin
genes, AtEXPA4 and AtEXPBS, are redundantly required for
pollen tube growth and AiEXPA4 is involved in primary root
elongation in Arabidopsts thaliana. Genes, 12(2) . 249.

LIU B, YANJ, LIWH, YINL]J, LIP, YU H X, XING L
S, CAIM L, WANG H C, ZHAO M X, ZHENG J, SUN F,
WANG Z Z, JIANG Z Y, OU QJ, LI S B, QU L, ZHANG
O L, ZHENG Y P, QIAO X, XI Y, ZHANG Y, JIANG F,
HUANG C, LIU C H, REN Y W, WANG S, LIU H W,

GUO J Y, WANG H H, DONG H, PENG C L, QIAN W Q,
FAN W, WAN F H, 2020. Mikania micrantha genome pro-
vides insights into the molecular mechanism of rapid growth.
Nature Communications, 11(1) ; 340.

MACANAWAI A R, APAITIA R, DAY M D, ADKINS S W,
2015. Effects of age, length, and pattern of burial on sur-
vival of Mikania micrantha stem sections. Pacific Science,
69(1): 95-102.

MAO Y B, CAI W J, WANG J W, HONG G J, TAO X Y,
WANG L J, HUANG Y P, CHEN X Y, 2007. Silencing a
cotton bollworm P450 monooxygenase gene by plant-media-
ted RNAi impairs larval tolerance of gossypol. Nature Bio-
technology, 25(11) : 1307-1313.

MAIJT, LIAOLL, LINGR S, GUO X L, LINJ Y, MO B
X, CHEN W Z, YU Y, 2021. Study on RNAi-based herbi-
cide for Mikania micrantha. Synthetic and Systems Biotech-
nology, 6. 437-445.

PALLI S R, 2014. RNA interference in Colorado potato beetle ;
steps toward development of dsRNA as a commercial insecti-
cide. Current Opinion in Insect Science, 6: 1-8.

REDDY K R K, MAMTA N, RAJAM M V, 2016. Targeting
chitinase gene of Helicoverpa armigera by host-induced RNA
interference confers insect resistance in tobacco and tomato.
Plant Molecular Biology, 90(3) : 281-292.

RAHMANI S, BANDANI A R, 2021. A gene silencing of V-
ATPase subunit a interferes with survival and development of
the tomato leafminer, Tuta absoluta. Archives of Insect Bio-
chemistry and Physiology, 106(1) : 9.

WHANGBO J S, HUNTER C P, 2008. Environmental RNA in-
terference. Trends in Genetics, 24(6) ; 297-305.

ZHENG Y, HU Y S, YAN S, ZHOU H, SONG D L, YIN M
Z, SHEN J, 2019. A polymer/detergent formulation im-
proves dsRNA penetration through the body wall and RNAi-
induced mortality in the soybean aphid Aphis glycines. Pest
Management Science, 75(7) : 1993-1999

(WIEGH . E)



