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Technology of RNAi and Its Application in Genetic Engineering against Soybean
Cyst Nematode of Soybean

YANG Qiao,LIU Qian,JIAN Heng
(Department of Plant Pathology, China Agricultural University, Beijing 100193 , China)

Abstract; Soybean production losses caused by soybean cyst nematode ( Heteterodera glycines Ichnohe ) are increasing continu-
ally. Traditional control strategies such as rotation system and nematicides cant meet the needs of modern agriculture develop-
ment. Resistance breeding and transgenic breeding also have serious limitations. Recently RNA interference technology repre-
sents an emerging breakthrough in the application of functional genomics for genetic engineering against soybean cyst nema-
tode. Screen for potential target genes by the application of bioinformatics,and then synthesize dsRNAs or construct the RNAi
vector carrying the desired gene sequences. dsRNA or siRNAs of essential genes was oral uptaked by established plant parasitic
nematodes through the feeding tube,which elicit a systemic RNAi response and then induce a highly detrimental ( suppressing
nematode parasitism, development , metabolism, motion, and reproduction ) or even lethal RNAi phenotype in nematodes. Al-
though there is still poor understanding of the range of factors( dsRNA concentrations, construct size et al) that influence RNAi
phenotype , modifying current RNAI strategies and performing proper ecological risk assessment can also highlight the novel
strategies available for revealing gene function of nematodes and improving host derived RNAi resistance. In the near future,
small RNA sequencing techniques and amiRNAi can promote the development of RNAi technologies. This paper reviews the
mechanism of RNAi against plant parasitic nematodes , the progress of RNAi-mediated defense against soybean cyst nematodes,
the characteristics and some key points of this strategy,and also prospect of its application.
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AR HAD O a2l R TG Qe B, i
VEIV-IN Lt = NS G (A Sk /S 4 L D
PUER il 7 16 K S 4 4 i i PR R . %
GLINPUIR B AT AE T AR T AR R R DU AR
BB IR) i, 2R R MR B Y K P AT 2 A
PERRE T B HUR R A R, AR R
TR A TN S R AR AR AR L
5 AN B AT, 3 1 T e B 6 o PR A
JRBIZE 5, LIRS P e S5 A

FTIE AT LU A% 52 10 K i 4 2 Ui B ¥ R
I X A A BRA AL 2R 7= O 75 22 RNAT LR Bt
KA RE IR, BEE 7> 1R W)~ YR I TR A
A5 B2 R RNATL T B — iz FH T4 4
o Ik HUKE (R D) BT 9T 19 TR, IR AR 8 — M T B
BT TR AR

2 SMEPE RNAD AL

RNA F# (RNA interference, RNAi ) /2 i % 4
RNA ( double-strand RNA | dsRNA ) 7 41 g PN 45 S 4
P 5 Z IRl J5 E AN mRNA R fige , fofi A R 5 R 1 3R
IR, TG & 2 51t S 55 BRITT R ( post-transeription-
al gene silencing, PTGS) , REIF{di 4 i 00 H e E FE X
BRI ) AR 7E RNAT fUR IR Y
Bt AMEE dsRNA HE A 75 £ 45, 5 24 RNaselll
TEVERAX IR N YD Dicer 254, B f5 ¢ Dicer YJHE|h

21 ~23 nt B/NT 3 RNA F Bt (small interference
RNA,siRNA) , 7F RNAi B9800 B B, siRNA 5 — &
HABTSE S P RNA 75 5 A TR & ¥ (RNA-in-
duced silencing complex,RISC) , siRNA #8355 RISC
SN [F IR mRNA Jf 5 2 R pEgh &, Zn i
THRA T ATP (OB IT siRNA AYXUBE 5 HAOE %
HHFRHLEE mRNA E 4, Bl mRNA HUfQ siRNA f91E
SChE SR SCEE AR, AR T AZ R B mRNA H%] B
21 ~23 nt (/N Be, VI RIERA R A 1E S siRNA Jz X
HERCX P8 A, 1 fE mRNA i — 25 R

TEBTIA Y 25 A2 £k HUAY RNAIL 3EHE 1, RNAL &
G — AR TERE R N SE I, — R L AR N 52
Jo A BE PR R AR TE 1A PR 338 2 AR 4 HURR S R BE R 1Y
dsRNA, #E#) 1A P Dicer N T. dsRNA JE R, siRNAs,
M2 U, i D ERRAE A 11 siR-
NA 5 dsRNA $EIAMR N, TR d 5 BT K
dsRNA , 28 HUA Y Dicer 4330 dsRNA i Toa%, siR-
NAs, Ffi[l RISC 2 5 4R mRNA (9 5 ff . 7R 2k B
H1, RISC & 47 RNA ##fi 19 RNA 2% 5 i ( RNA-de-
pendent RNA polymerase, RARP) T fig, ‘B LA siRNA
XA R 1, ISR mRNA AR , A B B 07
(1) dsRNA , #H Dicer #¢5HR , YIFIA: S0BAY siR-
NA , S — 46 RV mRNA (57 , 1B 55 AN i
KIS BFEUESE RNAG OB A(REFELH A 15 40 2
LT AR ¥ D& L7 i L7

3 KEHEZLHHRBMESIS RNAL (in vitro
RNAI)

e 8 AR T5 T /MTFZE B ( Caenorhabditis el-
egans) ) RNAi B¢ i ¥ 2k IR T & dsRNA |y
W MRk dsRNA fORE IR A L
BEREE Y S T S B dsRNA ) 28 HUAR Y g
SN T EAR PRSP R 0T B B £k, — % &4 A1
IN AR R AT ECE, A B i
AR, WS dsRNA MERE 3, (A5 R 0 77 1
MELUMESE

2002 4, B ER}E K Urwin 55 & B #2800
R 2 A0 1 (octopamine ) T 175 R T 4 4 HL 77 A
I 84 UBUE, MR e 2 R 28 1l dsRNA 5,
FEAE T RE SRR RNA 4, 4 BUAR N iZ 6 /Y mR-
NA JKV-FEAR, A B S B 28 HL 5 5% REAH L, A L L
A T B IR SRR S AR dsRNA 22
KL U e e AR S, 7T DL 8RR A
KA SR G FERUUBR . AT JLAR , K 5 i 4 28 iR A1
RNAI iR — A (R 1) 6
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Table 1 Heteterodera glycines genes targeted by RNAi and the resulting phenotype
= -t 3 | g P hS / ¥
FLK 4 R/ GenBank 75 EI*/T%WE’J*EI/‘E%HE LIRS FE I I [ Sk
Gene name/ GenBank Putative functions of Method .
. . Phenotype and reduction percentage/% References
accession No. target genes delivery
hgctl , AF498244 C-type lectin Soaking J2 41% decrease in number of established Urwin et al. (2002) ¢
nematodes
hgep-1 Cysteine proteinase Soaking J2  Increased male :female ratio Urwin et al. (2002) 16
MSP Major sperm protein Soaking J2 Reduction in mRNA-no phenotypic effect ~ Urwin et al. (2002) 6]
at 14dpi
Hg-amp-1 ,AY883023 Aminopeptidase Soaking J2  61% decrease in number of female Lilley et al. (2005) 4

Hg-rps-23 , BF014259

Ribosomal protein

Soaking J2

hg-eng-1,AF006052 B-1,4-endoglucanase Soaking J2
hg-pel , AF520566 Pectate lyase Soaking J2
hg-cm , AF520565 Chorismate mutase Soaking J2
hg-syvd6 , AF273728 Secreted peptide SYV46 Soaking J2

hg-gp, AF502392

Unknown gland protein

Soaking J2

MSP Major sperm protein In planta
Hg-rps-3a,CB379877 Ribosomal protein3a In planta
Hg-rps-4,CB278739 Ribosomal protein 4 In planta

Hg-spk-1,B1451523. 1
Hg-snb-1,BF014436

Y25, CB824330

Prp-17 ,AF113915

Cpn-1,GU074018

Spliceosomal SR protein
Synaptobrevin

Beta subunit of the COPI
complex

Pre-mRNA splicing factor

Unknown protein

In planta
In planta

In planta

In planta

In planta

reproductive
Decrease in J2 viability

Decrease in number of established nema-

todes
Increased male :female ratio
Increased male :female ratio

Decrease in number of established nema-
todes

Increased male :female ratio

Up to 68% reduction in nematode eggs
87% reduction in female cysts

81% reduction in female cysts

88% reduction in female cysts

93% reduction in female cysts

81% reduction in nematode eggs

79% reduction in nematode eggs

95% reduction in nematode eggs

Alkharouf er al. (2007) 3%
Bakhetia et al. (2007) 3%

Bakhetia et al. (2007) 3!
Bakhetia et al. (2007) %!

Bakhetia et al. (2007) %!

Bakhetia et al. (2007) 3!
Steeves et al. (2006) %"
Klink et al. (2009) ']
Klinket al. (2009) 1
Klink et al. (2009) !
Klink et al. (2009) ']

Li et al. (2010) (-2

Li et al. (2010) )
Li et al. (2010) [*

RPEYRIE A S5 30k 3 ] Fi[41]

The data in the table are from referencs[ 3 Jand[ 41 ].

4 HEYN IR KEMEL AM RNA K
B ( plant-mediated RNAi)

T R AT Oy U T A L TR DT R (A A
RNAQ) FRFEE (14 B[] 5550, fifp e 3 — [ 70 1Y) 5 W 2 FH
AF F 10 A A B Bk Hu 4R it dsRNA, R G 3 2k 1y
ARERARGE 2 Tl S5 Bl 3% 42 OIS, AERE A )
AFIF (Arabidopsis thaliana) b 254 35 A 16 S
K HFEL P AEYI A T 19 RNAL SREI% K 2R H &
FHE W K G AT Bk S, (B WA R
Hamamouch 25170 1] FH 75 K 5[0 48 28 oy B i 55 it o
LT A WIRIR R 30002 LK BA 1 = FE R PR,
TERIR M4 540 M I+ AR 099 35 K & (pa-
thosystem ) H, IESE | g BE 4k L 30C02 % A8 H
SR B-1,3 N U)H RMERGAE R BAE, JF ok sE
Fik 30002 FEH dsRNA (1) $UL RE I HE MR e 65 ik 35 1K
PURH S M LR R G

THYI T ) RNA ( plant-mediated RNAi) 3= 3
A3 Migit, — iR AR 2, BECSR B
LR M s MR 98 1+ 3 AT B (Agrobacterium  tumerfa-
clens) A\ ARS8 T VL A 7 AR B S DR R S AR R
AR T7 5 TS SR AN i v iR K o B Ak A8 eIk )
o 5 FRAR L Keresat 251" g sy I F AR +
HEFT 1 (Agrobacterium rhizogenes ) A1 1) K 5 ALK
RN AR R Wit T 3853 i R R AR, b
B AR R R ZE M R G K BRI H
AR R R e 2 ) 1) 2 A e A R AR AT TR AR
/CyNISR i ol e 0NN Y B R E N 4 SR 2 P
BIRAR . 2 K T 2 i i &l O R AR
BF AE AR 7 A2 1Y dsRINA. 48 B, 3 3o WL 28 45 1t
TR 1 2 BOR O 2 T PR I i R, X
BRRHE AR LB A AE T ) FERT T
B, I HOR 56 AR W A7 2 27 HOR T 45 1 7 7 5
P R T PR RICR | Fe 3015 RNAL 3R A I I (19 3
FESA T EEH, 3G F R T L T K
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B dh A B e e ml . 55 = AP R LL TRV A58 F (1)
R EEAR YA RNAL 7. RNA SGifEtiy b 248
PEALRE , BN R RIET 2 dsRNA 23 F & . K
2R HURE S P 81 5 A0 5 AR T L8 e 4 i
A0 dsRNA . — 3k 26 00 2 i 24995 4 ( Tobacco rat-
tle virus , TRV ) FEZRM , H R & [ AR RS ol , - HLAEAR
WA, T A S X Z 2 Y 2108 it & . TRV
EL IR SE E 7 B 52 M 48 28 0 5 09 & AR T A 5%
B4 77 A2 RNA TR

R RNAT B AR TE BT R G BE LR e 7 1
CHRZMIFFRME (R 1) . EEY AL R
FEH A RNA TPk, AE 0 ik 28 i H AR 2L K Y
dsRNA 5 siRNA , £k i A BCE ALk AN, 51 &
28 ARG RNAL J 7, 24 #E3E R oy 81 BEE AL
s SN LE e 2 o= I A ) ) K R e
BE , AT ST 3905 5 R L ) o 2 A 2k b iy i ik
Steeves %577 2 R A AL B RNA T4k
A = A NS 0k S 25 A R S I B U e
LR R ORS T 8 E R (MSP) Y TTER, 5L
LRI MR A T2 MR IE B A% B9 A 45008 2> 68% . Klink
2 28 0] P R 7 0 4 o 22 5k PR A S 1) T 42 R A
AN H T MBI R, Li 4 %k T e Lk
3 ANRFEFEF BT RNA 48, 52 M AL T a2
2 oy B R A 52 98O i B PCR 1Y I6HIE,
FER B EFERENR G, 7 EN L AIEN T
JHEAE R TR

5 RNAI EASRES R EEDAEF R
KLl

e b AR sk O A A LR s
Bl G RAE-EL 2 BOOE R TR 1 S R AT A i e B4k
HERPR s NL . Caenorhabditis elegans #4715
id & RNAL 74T, 280 29 1 750 >R Ja re g ™
oo ¢ A N = i[85 R S [T i e 2 1 B S
o EST PR BREA I OLT , AT Thid R
FEPRIE R AR M ALK . [RIBS, 38 2o L 5 3 DR 2 2 1) O
%:,2% C. elegans YJREIE A =BT EE R, vl LUy
Xl 5 1 R ABL ) 2 A e R A F AR LD

FAT, R4k 0 92.5 Mb K/ g 4454
WP LTER, B THHE TR, FIHADREER
e B, R G A 2 U EST J7 4115 C. ele-
gans HAT RNAL FRIAFHAH LT, A i e th K
MUBEL A H AR S5 1 A BOE SR T R A 1 £
JF5 . R, R M RELk R EST Hdfi e
S 1508 A BEREAL I Y L VB LRI, 2%
AT — & B KUK, 7] — D BE A BE I, 76 RNAT 5256
Hh SR C. elegans 1A= K & B A7AE I 5. A9 400 il 18
FH AR TR G M BEL b )/ FH o 75 i — 200 5% 5 [

ZINR o PRI, TR AR WE B 2R R B 1 ) A A
FEPUSCE A TR R RNAL BiE 5255

2L RNAL 1805 B AR S0m] 43 ohy 3 A2 iy,
A IR A & E BT mRNA S R4 QAR 56 3%
PR g A s 2 P A 2 A S PR R E R Tk
o2 B IF 58 R L, 0 a3 R A0 S5 PR AR AL 348 1) AF
5C, A7 B T2 AP A £ e 5 A W B R4 T A 23 5L
il XS PR S U R AR B R, IF R L RNAIL Sy
ERFEN R L R A mEE Y KE
P Hg-syvd6 JE PR 4 it 1 21 1 7 1) 5 U RS I 1Y
CLE ZEARML, ¥ S A Y o3 A= L0 S a3 8 5 4 Ak
AIRE BRI, & AT B 7E e R R 0 67 25 L OF H A
S WIBEIEE 7/ R N J A NI (0 £ e SR T
PELR U B-1,4- P RO I RE R A 2 2, fiE
FLHIZA LT B, BT R gE L BRIk T
P2k U P bk R 2R 1 AR D R 2 R AR )
AEEAEF, T P01 3 [F B8 1 35 W (IR 26 e 19 1= e
O AN, PR R R AR A K R
K EHE AR SCFED , ] BEXT BT A 28 i A= % s re AR
4R, Alkharouf %5 3 1 A {5 B2EH AR B v
1 508 1~ 5 C. elegans A BILSA T R (5K
Y ) BEPR () 5P 5 v 1 R W M 5 A i 3 A 3
IF RSN RNAL S, & 30 2 5 A% 0 1A 2R 11 rps-23 119
FERTER G K AT EAREZ/EH.
Klink 5% FS2 T A T a4 v e 7 R 7 45
M5 FFRIER 32 AL, Bl 5 H 56 4 IR (451
it/ MEFEREE 1T 3a .4, 54K SR 1 DA SR
fil A ) 1Y S ) A A Gl R R TR R AR
ST MR RIE R, 53— 07, TP mRNA
BRI AH O 5 A [R) A A RO il £ Ly A K &
BEEI, KO ML H Prp-17 LK 8 G i —F
mRNA G742 K -, 38 o 5% 5L R AR pR A i R
() RNAI, &3 5a il i A 9 500 /0 53% , B e Al L 11
ORI BN /> 79% |, Prp-17 B[R TE C. elegans W [6) £
i E B

6 RzA RNAi 5K HY S8 (o) @

MW7 T 2% 1, 13 T RINAT H AR ) 56 B i) 150
TE TR 75 0T LLE i A W15 B BoR s — 26 v i
TR PE 77 % R B AE A RNAL SRR AR LA, LA
EREA R 7 K BEAR L R (1 dsRNA 3% 48 i
PRI 3 L] 9 B 2k R 8 399 %) RNAT T4 9
SR RNAL 0 75 18042 LU RO #OAR S0 ) 1T
FEAEIR) R, N, 57 e 2t RNAT B4R JE DR N, 2% 1
B AW A T EAEAL I PR AR 1 T 91 Lo
AR E-value /N, BIF 5 2 FAEY B
FYPIRE IF DL e NS REME B S i F 5, BRiA
WL Ay 0 5 o X A A SR B — e L Ry A 25
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HO LR Y A N5 TR B O AT AR S XU TP A
(ecological risk assessments, ERAs) , 1% [J5 7= A= £ [
A HERL (non-target effects ) 5 [F] I, X T~ FE DA A1
VI % RS /N RNA (935 ACPE PR 08 T LU
R,

AR A 15, — A B PR R AE T4 2
RS HE AR S RNATL 526 v sl 35 4 4 41 i P9 3R 3k
i) dsRNA Y siRNA 43+, AR 45 2k HUF i 28 2k 7
L) 2 L A 308 e — e L 2 %) R B 4 ) SR 5 B
Y, XA S BA AR, R FS B BE 1k
2k A TR OR 2 TR . 4T O e A
P22 AL 338 AR Z L dsRNA Ko 1 B i O, F
FERWT, MGEL d A e By 4T i e K 24920 ~
40 kDa [>T a2 ") 42 ~ 1 300 bp [ dsRNA 43
T YW UE B BB AT S AE AR 45 4 B R B 2 B rh g
S RNAi RO 9 H a2k duBE UM T 28
kDa [ B, MR 25 S HuAH b 4 28 H e A 45 B R R
for TN R T ARG LR B U 4R 11 (GFP,
28 kDa) R L 88 B A 4 U iy IZ IR B IR
TR BAT TR, Xl g2 H AT
P2k o RNAL Y SICTARSS e iU S B, e
Yo 09AE 58 RNAL 345 T T PR 45 2 B
i B H B 0 PR P 91K — A 200 ~ 500 bp,

Kb TAS [5] A4 25E R, RNA 1300 A9 56 mg A 7 1 R
], 7EZdirh AU RIRAS 5 52 8 RNA T4, 1M
WHVFZ 5N 8 T 248 DU 00 , ik A 1 5L K
T AT fig 23 KA 45 G0 0 A D e I A7 7 T 52 M) RNAG
TR . X T H A — B A 7 S5 F A Rk
JE A 5% T B B R A A S RNAG Ty ki H o
pem R FIPER - A . HAF — 8RB siRNA
A7 A 0 DR T BB A 5 v 1) 9 A S, LI
B —BUFEI S sk e gk kY B L R
R TTER, 7 2 6 A0 (off-target effects ) .
XA 22344 I8 AT fig & A= 7 B 3 30 R 5 |
PR AF AT ) B R 5T v oAl ARy g EE R U ER . H R
—SERF ST AR LR U dsSRNA 1R Ky 91 PR IR, s (a,
PR IR (gfp) KT RuBP R4k T 55 4
DA S B A 5 DR T BR800 e P A5 B

i RNAL SEELIR AR 1 7, (AR50 RNAL F B0 458
VETRISE (B AFFE— L R, 15 5%, i PR JUA RL
SRR VS PR R AT 0 A AR R g L, SR EA
o)W <N g 1 I S s @ [ S 3
dsRNA, [HR e @R E P SR B&RiG T
B, R 2 S D 3k 3 o ) o o 15 T A S S i
BRCERTES, 5 ZEAE K dsRNA b B [a], 385 7 F%
O HLRT T, S 5 A0 3BT A dsRNA 5%
SIRNA MR BE (G &) K BE S 9 4540 22 57 iR I A
[i] 2 U 7 1 52 e 45 4 T RE 23 0 S 50 45 R 7 A
25 MY AL AT RS RNAL 5256 B 4 ] 1Y)

dsRNA # &R 1 ~5 mg-mL ™" 3 0] DL g
ST PG 5 e B A AR AR Rk, kb
RNAi () THAERTEL OIS J5 — BeAf B8 2 A 3
PRAZ AR RS 28 P 45 22 04 sk 1) AL R 31 L
RAEE, RNAL BFEA M T HE L R (1) e ik i
IR KT B PR B S W ) e 4 3, X R M DU AE —
A s T) i, v 6 G 00 A 56 PR P AR Ak K . 7 R
FeLk ) 0 R R R B 2T 4E K R S AR IR S
6 ~10 d JFhIKE

AEXTFARSN RNAL A4 5 1) RNAI &7 4k
RAFTFJG RN % EH L F A dsRNA
oY siRNA  RNFF A A I AR50 . 1 H, 2 RNA
PACRFF L AE L BN T B, TR
J&, RNAL A BOPERI T 2 R 2, Qi S R 1) 3%
KT SR ZRIR KT (dsRNA Fr B2 i /N R 51 4
N HAE 0 38 R A i 47 & siRNA 23 7 19 v F 4
A15330 Ry e R A AE 4 A B O R IR R
SIRNA {8 R 2 S B B (K 0 I oA )
W B TR AR AL W, L e AT 5 S R T
BRI, e B fh e 2 LA S DR DT RR , HRCEE 6 A
20 A B 2 e RNA B3R ) — 5 i A K
H AT DI RNAL {048 258 s 8, an ek
LM EE CAMV 19 358 JR 3. Y3/ RNAI
T ER S S T & e RNA A S5 2 IR I
J¥ H v B 1 dsRNA 22—

TR 2

HHLLAL 58 RNAIL 25 5 51 & #3005, H
B amiRNAi ( artificial microRNA interference ) 33 /K [i{)
I RE A8 A T R S PR B iR i BE P DT8R, amiRNAs
S TR miRNA JipfRAE K 21 AT IR Y
AT/ RNA J3F B RETEAS SE M oAt L PR 3Rk 1 1
0T R S b A 5 LS B 22 B PR 1 8RR TR
gt RNAG g6 5 B0 bR 5L A 0% I 1) 52 52 )7 3], T
B U E R R R siRNAs, 7] feVEH T2 4 Hin
5], B R ALY . amiRNA 388K N0 5 5
A mRNA HAME 21 ot BYFFH), 76 0 KRR F#L
R AR B 21 Y A B0 AR R PR S ), B R R
1R et 2 M S RN T R AL AT L A AL . Melito
SR amiRNA HORBISE T KT Rhgl 187 1 —
A Gl 5 O 5 2R T A2 )T 4 Y 5 A2 AR R ( LRR-
kinase ) fYJE PR, JIE S OO R 7 M 2 B vk e
FR

F T — AW R B /N 43 1 RNA I 7
(small RNA sequencing) , i 43 B4 E /AT RNA
Gy F AT A SR TR R i A 2 4l A
MOBEAERE RS R /N7 RNA K 4345 Fl2H Ak
G —FEZE Tk, /N RNA Y fE 23 A A (]



4 1 %

1545 : RNAT HORTEHTR T M2k U D T ARS8 ) ] 553

FES TR B /N F RNA 25 733k, 17/ F RNA
PR BE A Gt o3 TR S Rk W 555 A
W TAEB I amiRNA 3R 3K AR B T4 4 55 3045 X
h‘ﬁ i REAE D R/ RNA 38 5 AL R AL B 1
BT R HOBOR [ A IR AR/ RNA 3k
‘ﬁ%ﬁﬂﬁfﬁ*ﬁﬂﬂ’ﬂ‘{m TV 5 FUSCE R 735, AR
TE B AR 2 A e

JEAESE RNALIETE TS 2 0] 8, RNAT £R A&
FA) 5 DR T A 5 8 0 s oy A A B L e 4 e 7 T T
Bro F4FIH RNALD (YIRS EAEY) 3 ih M e 2k
HESLN A4S dsRNA, XA 9 3 i g8 28 s S 0 T
RIS BA H R S, A R T 55 B 0 B e SR R T
LHAED
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