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Progresses in the researches on the effectors of plant parasitic nematodes
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Abstract: Plant parasitic nematodes are a group of obligate biotrophic pathogens, which establish the
stable parasitic relationships with the host plants following induction and formation of the feeding sites
close to the vascular bundle in the roots of host plants. This parasitism fairly influences the growth and
development of plants, finally resulting in considerable losses of yield, even no harvests. For long-term
and effective prevention and control of plant parasitic nematodes, it is necessary to study the mecha-
nisms of parasitism and pathogenesis and interaction models. The nematode effectors play key roles in
entire parasitism of nematodes. To date, many important progresses have been made in the areas rele-
vant to the effectors of plant parasitic nematodes, including identification, functional analysis and inter-
action models. In this review, the progresses in interaction models between pathogens and host plants,
identification and functions of plant parasitic nematode effectors and their interactions with host plants
were briefly summarized.
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SRR AR HIvh A 2 A e U YL 25 EAEI
FIHT VR 1 1B R 1 53 WA (B30 ) 3 b 1) 25 SE A
YIAmAE , 1755 3 J AR B A MR 5% 41 i (Da-
vis et al., 2008) , £& M\ AF EAE Y 1A N AREUR 43, 58
WOEE AR KT s TEIEE A A TAE I, 25 48
PG M B 20 B S LR 3 2B PR SR BE SN
AL T AE o I A AR A P Al A v e
AN IR FE S, A5 A B A0 BT 2 Bl 3
IR BB T S BOE W I AE KRR T -

HRZE4E R A 2 dU 2 A d L R
[ S AR PN 2 A 2 L 0 B B A R F2 BRI SR X
%o G54 MREIE 1R UL 3 000 Z FAE Y ) Fh (Jones
etal.,2013) , GHEA) K126 bk KL AR A K
BB 4EAE ) 55 EE R AEY) (Lue et al.,
1990) . 442 448 i Globodera rostochiensis Fl1'h
BE NN G pallida “FR5E2 RN FIERIAA IR,
{E I 4t 8 2k 2 Hterodera schachtii W 27 70 Bl ¢
], BT AR G 218 FiAE %) (Rehman et al., 2016) .
RN - — S A P B F S R A e S, B 5
SR AE AF N AR YL 8 H B4 T (Hogenhout
etal.,2009) . AEY)PFAE Lk HUE LS RN T I Y)
£ 6 e SR 40 1 87 0 S R, 2 T S0 B B ) A AR
A 1 52 (Davis et al., 2008) o e ) 3 230 1 5. v [
HLI& (Smant et al., 1998 ; Rehman et al., 2009) | i i
7 (Bellafiore et al., 2008 ) . %3k 551 b5 %5 (expressed
sequence tag, EST) (Peng et al., 2013) %5 J7 1 X 26 1
ROV T T80, AR SR 2 2 SO A 2212
TR FR%E . BETC gLk dt R4
2R RSP S A 2 rp S Y 2 B0 - (Gao
et al., 2003 ; Bellafiore et al., 2008; 4%+ ,2017), —
SEAE )2 A 2k U UL RSN - RE RIS fih e AT ) e s
JZ v (Manosalva et al.,2015) , {H K 25k 5 E 3%
I 35 5 40 ] 25 32 0 B 4E B N AT G (Goverse &
Smant, 2014 ; Siddique & Grundler, 2018) , it A5 —#B
RN TS 5RETENAERER ,ESIE MY
FFHCE A 25 (Zhang et al.,2015) . BRSOV T IIRESR,
T AE AN -5 FF A Z [ A AR FH A A
KMz BN H A

SR AR AR A A L A AR 43 )
WEAR 1955 ) 5 25 A A9 AE BV E AT AR 27
A 2R RN F R S DD Re MO 5 A A YA AR
FHAEDT 1 A ATt R, LA R TR A M4 s 26
2 AR SR LT R SRS A

1 mEMESFEEMEEERRE

20 22 40 4R L 28 WA i 0 A e 3R 2
FAEY) A F L R A A, HLAF 32 Al L [T A
S VR ) L P8 AR ) , B3 20
20 60 AEANA W N4 F7KF EIRIE 1 — R (52
FEFEAIH 52 ,1999) . FF FAEY) 590 54 Z 0] B A
HAEHAL TARW AR T e Z A BAE
B AR 22, U Flor (1971) e it 1 3
PRI 5 PRI 36, BV T3 S I B DU BE A i i
W1 47 46 1~ S0P 936D . Dangl & Jones
(2001) 4 B A B TRARE , RIAR ) 1Y) TR e i I g
FEVUIRIN 29 A 80v F i e ) BA R £
24k, Jones & Dangle(2006) A A M) 5E R 48 v]
DI 4 BrBei) Zigzag BRI, BVES 1 [ B - A )38
AR A2 AT I AR O o O H B o
P4 (pathogen-associated molecular pattern (PAMP )-
triggered immunity, PTI) ; 2 2 [ Bt : 4 5 Ik PTI, 5
T a1 KAL) G WA, B A AR R )5 )
A8 IR A AN B, S B &R0 5 T Y A 32 URR
PR3 55 3 BB o — 2300 TR Y A s S
55 AR HR L AT R 45 6 3 11 (nucleotide bind-
ing-leucine rich repeat, NB-LRR) i 51| , 3 i H1 4400
F 175 & B A 2 [ (effector-triggered immunity,
ETI) , 1B 1 5 W88 & B % 1 | S 1= % s AT F) 2ot A
PELAEMIIRAE ; 56 4 BB AP F EAEY) 09 ETL, ik
YAl BT BN 5 AR, BIRN F mT AR
SHAE ) A0 A R 25 1 [R5 TS 280 1
i AR BAX RN, F R AATE , 76 R H S/ 1 1E
UK HANRE il & 2 2 4t (van der Hoorn & Ka-
moun,2008;Ma et al.,2017).

2 MY T

2.1 EYFELZRYTFHEE

A3 MABE N, - B IAAE ) 41 i (Hussey , 1989 ; Davis et
al.,2008) , MM il A 20 i A A 7 . AR N
A 2 SOV - RE A AR A0 B ) TE 2 (Doyle &
Lambert, 2003 ) .4 ¥ 4= 4k (Qin et al., 2004 ; Kudla et
al.,2005) AL (Niu et al. 2016) % % 7 @ #4514k,
R A SRR R A i RO TR R A
S PR SR 2 T B Be b A A A [ T A 2 S
(Burgess & Kelly, 1987; Gheysen & Fenoll, 2002) ,
iy 22 A2 He 25 AR AH DG HE A Bl 4 7 i i



240 B AR AR AL RN TR 247

O TSRO IR AN TR I I RE B W A e T (Yang et al., 2019) SR 45 H:
Jpa HIL T Bk BB, 3505 29 %0007 - 3 1o R 4 4 U 27 Fow bl (F 1),
A: (Smant et al., 1998 ; Hamamouch et al., 2012) .

®1 CHEENEEEYFTEL RPN FREINEE

Table 1 Major effectors of plant parasitic nematodes identified and their functions

gl RN e 275 3k
Nematode Effector Function Reference
K fgesk il 30C02 fEdER a3 A4 Smant et al., 1998 ; Hamamouch et al.,
Heterodera Enhance the parasitic ability of nematodes 2012
glycines Hg-CM-1 feEt L Ak Bekal et al.,2003; Lambert et al., 2005
Enhance the parasitic ability of nematodes
19C07 PR A A Lee etal.,2011
Modulate the parasitic ability of nematodes
10A07 IR AR Jaouannet et al., 2012
Modulate the parasitic ability of nematodes
Hg-pel-5 VAL Y 254 B4, 2012 Peng et al., 2012
Modulate the parasitic ability of nematodes
Hg-exp-1 PaFE L 3k 7K 4<%, 2018 Zhang et al., 2018
Modulate the parasitic ability of nematodes
Hg-exp-2 TAFEL R A TKWASE, 2018 Zhang et al.,2018
Modulate the parasitic ability of nematodes
Hgl16B09 Pl 2 A LR L RE B A R 58 Hu et al.,2019

Suppress plant basal defenses in the early
parasitic stages

TR GE L by MIMAP-1.2 il &2 F00PeiE R Semblat et al.,2001; Castagnone-Sereno
Meloidogyne Trigger resistance responses of host et al.,2009
incognita 16D10 PR A Huang et al.,2006a,b; Yang et al.,2013
Enhance the parasitic ability of nematodes
7HOS TR AT ) 200 B A R TR )% i Zhang et al., 2015
Activate gene transcription in the nuclei
of plant cells
MiMsp40 e B ok 2 Niu et al.,2016
Prevent programmed cell death
MiMIFs R 20 B P S Zhao etal.,2019
Suppress plant immune responses
MiPFN3 WA R G Leelarasame et al., 2018
Disrupt actin polymerization
MiMSP18 VA1 FES) Grossi-de-Sa et al.,2019
Modulate host immunity
JTUHEAR 2528 i MjCM-1 FEACAE P AT L s | e 2, TR /K T Doyle & Lambert,2003
Meloidogyne javanica Reduce [AA biosynthesis
AR Gr-EXPBI WS HE Py At s % Qin et al.,2004; Kudla et al., 2005
Globodera Disrupt plant cell wall
rostochiensis Gr-Vapl fih 2 L4087 80 S5 g Lozano-Torres et al., 2012
Trigger plant immune responses
RHAIB IR 55 Kud etal., 2019
Suppress PTI signaling
AL iy Hs-Tyr SR E RN - R TR S Habash et al.,2017
Heterodera Disrupt the homeostasis of aminocyclopropane-
schachtii carboxylic acid
VAP P AR AT Lozano-Torres et al.,2014
Suppress programmed cell death
CBP e HERHAEALBEL U 7 2 Hewezi et al., 2008
Enhance the parasitic ability of nematodes
10A06 AR (9 SR D178 S R Zhang et al., 2015
Suppress plant basal defenses
Hs25A01 Z5HYNERER Pogorelko et al.,2016

Modulate plant growth and development
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ZE3%R 1 Continued

4l BN Uitie EZ BTN
Nematode Effector Function Reference
4E02 IR 0y A P P B2 S i Pogorelko et al.,2019

Suppress plant immune responses

RATFIHELE HaEXPB2 PeHEL i 73 A Liu etal.,2016
Heterodera avenae Enhance the parasitic ability of nematodes
Ha-pel-1 WL AR ZEW45 2017 Li et al., 2017
Modulate the parasitic ability of nematodes
HaVAP2 PeHEL 23 A Luo etal.,2019
Enhance the parasitic ability of nematodes
Hal8764 P TRIAE P A %) e 8 B Yang et al., 2019
Suppress plant immune responses
SHTGAMRLEL I Me-pel2 PR PR R A Je 4%, 2016 Long et al., 2016
Meloidogyne Modulate the parasitic ability of nematodes
enterolobii MgGPP IR ) A P P B2 S i Chen et al., 2017
Suppress plant immune responses
TCTP AR FHESE T Zhuo etal.,2017
Suppress programmed cell death
MgMO237 P TRIAE P A %) S8 B Chen et al.,2018

Suppress plant immune responses

2k HUE S0, IR £ A K R B I
WL R —E MERE . A itk B ETA
FHEL B 73 W) 19 R 52 B 4T /K (monoclonal antibody,
MADbs) &L 485 T — 28000 F, iR S8 a4k
FFAHT 2 W4l B I A T B ST RS, O L)
W% T S8 E L BIRN T B-1-4- NP5 R
T (Smant et al., 1998 ; Rehman et al.,2009) . Rob-
ertson et al. (1999 ) Wi 1o fiff i i 22 188 J 2 D) 4 5- Y
S HE-N, N H L 4 i (N, N-dimethyl-5-methoxy-
tryptamine, DMT) 3 58 1 5 48 25 4> 2 Ha 1% W S ik
W, A LA TE AR S I RS TI , sX B85 I % %2
ol 28, 1 R AR A A 5 Ak, {HL 28 4 i oA i i i
IXEEER A

TSR A 22 MR 5 2k H R S 2 e B DRI 28 1 2 A7 i
BT A AR RN R 5 YRR
Peng et al.(2013 )il 13 X EST 7047, %5 5€ T 22 /N800
T, 0 R BLX SN R 2S5 25 A Y 20 i BE
() R il BB i . b, AR J7 iR 45 4k . Meloido-
gyne incognita 5 WSS E T T 486 441 A AL
g, Herp— SR R A ) R A R R AR, — L
R B DRSS R RE XS 75 AT A0 M T B e
(Bellafiore et al.,2008) . fE7F A Hr Bell 4R B 2 1
2 — 8 IMERE , EST & K ZHCBR R 2 3L T
A LE FT Y LAY cDNA S BT Y, PRI i Ay
(1) EST 45 £ 408 4 v i 0 i 1] 12 o0 S0 B Be 1y 7
AEAHDCHE . A T keSS4 USRI R B A AR AR
KHEMH , Gao et al. (2003 ) i (o i A K B B8 2k
. Heterodera glycines 7= B B B A ML (4 4 4 , #) A

TR S AR cDNA SCHE 38 48 XTI 5 1 A 20
Jil cDNA SCPE R BEHLIN Y K2 4 A A 2458, 18
KGR B TE AR Th 500 1 5148y 2 AE B
Masonbrink et al. (2019)if i 3 18 PacBio ] 7>, 7£ K
LA B R 2 R T 29 769 NI, M
W7 A31 AR, Horp SV 256 ) 5l X
L P TE A LR AR Eh RSB A 2R e i s ZH B
PHATEHCRR, S5 T 5451225 IRFE N P 35 784>
YN F I FE K (Sabeh et al.,2019) .
22 S5EYEEREYNTEL RN FRIIIEE
)25 A2 22 W 0 AR RO T 24T 4 M RE -
1) A% 5ty 3 3% A 40 JH B 3 )2k L 25 35 A 40 4 i e
JREFA T3 FAY) 2O H S 2) 1 A Y AR TR 40 Y
TE B A s, FF 03 S8 BRCE A7 s 240 B A A 4y i
FHAEN , AT 55 27 AR EE Sy — Rl SR AR BAEH
3) AR 4 8 77 R S R 5 4) 9 7 FEAE ) BBt A
HEPUN, X 4 MO RETEH S 2 EAEY R AR R
MHAEPRE EEAE
221 SHFAEAEF I AR RIS T
)25 A 2 HUR] VBT R 2R A ) Al L R | 9K 03
T £ L G I TS WA i 5 fip AR T AN (] 25 A 2
ST Z R, WA YRR R RME L 4 R AR IR
(Bohlmann & Sobczak,2014; Wieczorek,2015). 201
20K , Smant et al. (1998) il T 565 1 MM H LT 4R
filf——p-1,4 HIRBEN VI , Z 5 1) — L6t 57 44 ]
T ) 25 A 2 AN 5 B 4T 4E R 5 (Gao et al.,
2004 ; Rehman et al., 2009 ; Haegeman et al., 2010) .
Geric et al. (2011) N EHES B G A L RSB 4 ol |
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LA B R 28 1 G. mexicana PR B A 4% 28 L G.
tabacum 4 PR TR S E 1T 78 AN [A] Y SR R L
fife it 2 7 91) , 3R W SR B IR 4 B R & Th Tz a0 A
HAEAEY) - 25 A Sk HOE R AH BAE ) ke 25 8 24
o B 5 (2012) | T ¥ 7 55 (2016) 128 8 45
(2017) 43 5 ek T K 5 i e 2k e SR i 5 ik T i [
Hg-pel-5 . % B G R 45 28 1. Meloidogyne enterolobii
SR TR 241 it L K] Me-pel2 FIR 5 I HE L6 HL H. ve-
nae FWE R 4@ W FE R Ha-pel-1, Y857~ T S SL %
fil LR 54 R R YN TR i B DA G . S Tl
TAEAEY AL PR Bl , 42 Hd ok 43I e 2 1 ok A
AN RE | e S A2k du P 3 T 28 1 D Thsk
PP 5K 25 1 Gr-EXPBI, i & 11 0T DL YR A8 9 41 g
BE g A W] A A AN S S BB 7 98055 (Qin
et al.,2004; Kudla et al.,2005) . Kl 445 (2018) Sk
K2t e 2 o v D B M 2 A R AR A
IR T HAE K S A6 4 A A R R i
HHEEAVEM . Leelarasame et al. (2018) 1iF B Fg 77 #R
452 ALY MIiPFN3 BEHS R IR LB 2R T I SR &
PRBEL AT AR X2 1 R 2 800 % 25 32
GELliIksiE AR e IR SR TS A

TERAEAR BAE I, — B4 AR50+ REAS
HBEAPL 2 3 A BTl 4 A AR ) A R Y Rk R
% A B89 % 4435 (Gheysen & Mitchum,2011) ., 411
3 S PR AR A i AR 2 3 S AR A ) R R R R S 5 A
-2k A A EAE FH (Doyle & Lambert, 2003 ; Jones
et al.,2003) ; JUHAR 252k B M. javanica /3 32 TR A8 5L
fiti 1 (MjCM-1) £ 2558 i 5 27 EAE Y55 5 o0 SRR 1Y)
AR, 7T RE AT 42 240 B v A9 1 ok £, 1% ( B-indoleace-
tic acid, TAA) &1, e X P EUHED 4K (Doyle &
Lambert, 2003 ) ; K &7 761 4% 2 Ht 25 A5 AH OC 3L H Hg-
SYV46 5 AU R I b 09 [F] R | CLAVATA3/ESR
(CLE) BA MR PIfg , H Al BEAEAE Y AR FRIE iy
BN A A0 A A 43 Ak 8 43 2R oA T (Wang et al.,
2005) . Habash et al. (2017) 7 Hf 3¢ 1 % 2k dL 1.
schachtii TVEEE T — P RN F——2 1 24 R ity
(Hs-Tyr) , A0 F7ERL R I v iy i e 2 TA Re g fiff
SN B - R IR AR A & A AR AL, gk 5 il S
PR A A AR EAE ] . Zhang et al.(2015) BfF
FELE R e 7 AR 4 UV - THOS 43I B A )
HMIA% e B e sk B e ), X AE e S KB
A it 538 DR IR R A R PR 58 ) 286 B8R F

WA A ) 2 A 2 H A 2500 30 g A8 38 1 41 )
FEA) B BT S S AR T SRR A BAE . AR

2 Ha 3 I 3] o AIMA 1Y 5 I 2 1 (Mi-calreticulin , Mi-
CRT ) J2AF P EE Al B A v () DGR -, 3 R 2
55 1977 0 A G 5k PR A 9 3 ke 40 i AR 0 19 7 A I )
(Jaubert et al., 2002; 2005 ; Jaouannet et al., 2013) .
Niu et al. (2016) 18 1 5 7 HRA5 2k th £ a8 IR 4 e 7>
WAEE 1 MiMsp40 B S REFFIE , 2R IR AR LI F bt
I 35 MiMsp40 RERSHH Fi B 40 bk EL88 2 AHOC R
1 (BCL2-associated X protein, BAX) 5| 2 i F2 Fy 74
AT, Hik & B MiMsp40 GERE 1| i 22 24 )75
Ak 25 I8 9 356 142 42 (mitogen-activated protein ki-
nase, MAPK) i, R3a/Avr3a 5| & I A I AE T . [ FE
Zhao et al.(2019) \NFF HIRZE Lk dirp S it 17440 E
I 20 fitd 5 £ #4001 X 7~ (macrophage migration inhibi-
tory factor, MIF) , 7F £k H 2f A= B B2 ixX 46 MiMIFs 25
FZIA g B, i 7 N LU BRI 2D B
i} 2 35 MiMIF REf% 1 il BAX F1 RBP1/Gpa2 512 i
SARIAE T, EL RO AR A 20 B Y i B, 2R T 9
P52 EXTL A PTEE . Zhuo et al. (2017) NG H:
ARG L H S T — R RN —— B
il i 8% 25 1 (translationally controlled tumour pro-
tein, TCTP) , TCTP £ 75 £ 3H IR 45 5 %1k, H Al fEs
T H A A A R e AR TR R R A
Ao R AU Hal 8764 ELR IR YL 413
4y s Be B F R, AT e o A PTI
FETHE 5 1954 Fad R R A 26 Ui 77 4 (Yang et
al.,2019) ., Kud et al.(2019) % Bl th44 5 [ 2%
F RHAI1B & —Fl E3{Z R & 40 , g A 75 3211
ZME2Z R GMITIZ 210, 16 K L RHAIB A
S i fish 2 NB-LRR F [ fift S BH BT ETL 55 5 %
T LA 38 i —Fh A1 B3 12 22 3% 32 B AR RO HL
HRIN G PTUHE S 7% 5 N e #2742 . Gros-
si-de-Sa et al.(2019) & IULAEHH HE 5 B 2R 3K g 7 AR
ZHE UL F MIMSP18 25 [ BE#E41 il Fh 41 ffL 7
KM INFLBSRBGFOAMEIET , FETE R Y
Xof 2 U TF IR T i £ 2 ). Hu et al.(2019)
T 435 SR 3 B K 0 A 4 48 A% - Heg 16B09 FE
3 o) A A R B S B FR SR B R K X2
AR . LA, Chen et al.(2017) KL T —Ff i
AR B A S A A T AL, R B AR Z5 2 4y
WUV F MgGPP 23 A 40, I8 ) BT )
iR A N-BE SRR C A i & 1 /K, C AR i 9 2
FIK i A MgGPP BT N I, e iz = 4L,
H MgGPP 11 N-Hl EL Al 240 i 25 = AE 1 B 18 ot b
1), X LEfig A2k B A PR LR SRS



250 LR/

[ 418

222 LM FA TP F AL R Tk

T SRR R A EAE o 32 B R0% 7,
PR R, NEFRICRER T, AR &
e, X EETCRE R H RES S BUE Y BT RO, B
5% Yy AR E R E A EAE R, WnrE iS5 4
HUor AR MIMAP-1.2 £ F #5385t Mi-1 28 R0
fiish % 7 a1 0 PE /2 V7 (Semblat et al., 2001 ; Castag-
none-Sereno et al.,2009) , J{LL YA A BEBE A R
(14K o A LR U T Hg-CM-1 2R 1, {HJ& 3K 260
TR A B BRI REIL i A5 2 (Bekal et al., 2003 ;
Lambert et al.,2005) .

3 RN TFEFEEMHBAEEMR

LN F RO A R B E R IA R A AR
JE R E 5= 1, 3l 11T 00 1) 2 A 4 Al
MuAZE 2, IF BAEBCE A7 ST B PR %O
(Wang et al., 2005 ; Huang et al.,2006a,b) , X {# H.7F
S EA R EE A EN . BEE X U it
FEMITRA , U0 5 P 18] B AH BAE I T 5%
P

—SEAE ) A R G AN B BT D AR K
BB RN -5 A FEAEAH BAE B o 32
Y AR RS A 2 ol ) [RIR AN 5 2F A
VIR AH B AR R SE IR . F6 4k LU0 - CBP g
% S5 AR A N IR S P R B A 1 PME3 4240 BAE
FH DTS00 i 28 1 18 27 4 (Hewezi et al., 2008) ;
B AR 2Rt rp K S f e 2k HL U0 F 10A06 (1 [7]
MR SR T Th 25 A RS e 5 T
I1(spermidine synthase II, SPDS2) A H.AE H , X Fi A
AR FH R 2 A ) A0 1Y) SPDS2 ik 3 i B
T, RS W g A A O S R
PR AAS AL, DT A A 4 77 A SRl (Hewezi
et al., 2010) o 7F FULRE JT 2 3K 101 5% 2k AN T
30C02 A AIREFRL 5% 2 H [R] 56 RS 52 i 400 R 1 19 2
KRE (HREIA 4 55 i 5 PR 40 R T AR AR G e 7
Fe 2 i B P (Hamamouch et al., 2012) ; & =4
P2 OV T 30C02 BE-SHURI T B-1, 3- A VI Ak
il A R S AR A 2R IO 2 R S A 2R AR
127 A4 (Hamamouch et al., 2012) ; fEFLFE I+ P F2 34
I 0 4 28 HUSKON T VAP 25 1 RE 118 18 i 7 35 [R] 48
A TR X L A SR M 4 VAP 25 1 T RE S 4
AN AT e 22 R 28 1 B AE B AR, i) 1
FH 4% T 2 328 32 R 3 10 40 B A2 7 1 BE T (Lozano-
Torres et al., 2014) ; Fif 52 7 5 28 HL 570 F Hs25A01

i AT 5 PR T 7 F-box (98 2 K A5 o8 il A
PERIAH T elF-2b WAL & , Z SN ERK KT,
MR B 51 75 4 D1 6E (Pogorelko et al., 2016) ;
AR AR Lk MRV T 4E02 20 Wb BRI A A S, 40 1)
IR IT RS DR 2 R 2 1 RD21A, A
DAV 0 27 38 380 A4 L A R 240 BT, DTG 1 T 7K A
G W AR, 15 B0 A 3 AE Y B AR BN Y E Y
(Pogorelko et al.,2019) . It4h, %N F 10A07 54
FIIT TAAL6 e s A7~ RO - 19C07 SR I A= K
R 15 KT LAX3 #RAEAH ELAF H] (Lee et al., 20115
Jaouannet et al.,2012) , iX $64H H AE H BEAS JH 15 28
{05 32 WM NS R E5 L SN E 7 W/ d

A B X T S 0 0 £ ol vl [ 050K PR A A 5
A, 38 A AT A DR R A5 O 1 B H Y
ROV 5 7 EAEA) AR AR B AR T St
JEFE . Huang et al.(2006a) i 15 77 #U Fg 7+ 1 R AR
4528 16D 10 1) BUFEAZ HER% 2 (double-stranded RNA
dsRNA) , Yang et al. (2013 )38 i # % K R L 2 40
FEET 16D 10 W DTBRES L AR R , W3 058 35 % 1L
55 B A BB AR A L, FERE AR T 0 42 i R
Huang et al. (2006b) it & 31 16D 10 % 1 AE % 5 A1)
2 SCARECROW ¥4 5¢ [Hl 454, s b2k iy 23 A A
o Zhao et al.(2019) 38 i3 % ik MiMIFs ) dsRNA,
5 MiMIFs DUSREFE AU P ST ABL R , A B T AR ZH 2K
A I 240 L RS 0 ) R MILF 38 2o 5 2 A A
R AR VA EL AR BBEOR A  - iazs i, DT 1400 p
A A T A e Sy, e 2k 1LY A2 . Liu
et al. (2016) 3 i3 &P RNAT T4 19 073k, Mo Tt
BR HaEXPB2 (1 K2 e BRI R bk , 45 SR 3 WY BE TR A
PRIEAR T AR YL ), B & 3 HaEXPB2 & 11 Al fiE
T ARG YA B A5 S 2R AR 456 R AR
e U PFE . Luo et al.(2019) i i A4 RNAT T4k
e 735 T O L R DB VIGS £2K , # # 7 Ui #R
HaVAP2 W) K2 5% e A bk , BE9E R R A 0 e 4k
HEUV T HaVAP2 fERE 5 R E I CYPROA HFH——
HvCLP & A A% sPAH AR, 4% HVCLP 2 H
() 2R3k F= B, R R 2 2 A A5 4E . Chen et al.
(2018 )31 F 1k MgMO237 dsRNA G LR 7K
FEAEL AR | e O G HE SRS L it , B Mg-
MO237 Al fig il i 5 KR 1, 3-8 7 RO e (1,
3-8 glucan synthase component, OsGSC) . & 7% 2} it
RIRAYE 2 73143 5 1 55 (cysteine-rich repeat se-
cretory protein 55, OsCRRSP55) A 5 S 4 AH 5 19
Betvl % i 51 OsBetvl =A™ N ME B o5 5
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AP bk 24 1% £ 11 Rer3pim AH BLAVE F, il & #2514
AN AE T SRR S B A S, {7 i 0 A% B G 2 i
FBLPTME (Lozano-Torres et al., 2012) . &2, B
TR 2 A2 2 RN -5 A T A 6] A LA T X
T2 IO T R DI RE K W R AR ) - P A= 2 e
AR AR LA IR 22 OGH 2L
4 RE

TR I 2 B TR VRG24 ), fE LA
TEWTTE R T — L8031 W) R TR 27 2E
LA PXELIN . BARE A% TR 2 ar
A2 BT AH AT 1 BN T Y DIRE , X2k
B L B2 AR APk AL A A Sk AR
AR, BINTERF ERY b seke | —2Ehik il
BEDA AHHHTHEALR AT AE , 5 2k A AR A A
TS AN AT , DS B 5 45 B PR PR 2 P AR ELAE T
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A EAE IR

108 3 2 SR 20 2 o3 B U 2 HRORO -, R R g3
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PSS RO IR 5 T8 ] RERS AR ) B A
2 SO T-IIFE b R B ORI, A SR B
DRAML T ) 25 A 4 S AR AR T 0 1HL
P E LA, O 4R TR S AR A7 AR R B R
W AR LRI AR

& % 3 Bk (References)

BEKAL S, NIBLACK TL, LAMBERT KN. 2003. A chorismate mu-
tase from the soybean cyst nematode Heterodera glycines shows
polymorphisms that correlate with virulence. Molecular Plant-
Microbe Interactions, 16(5): 439-446

BELLAFIORE S, SHEN Z, ROSSO MN, ABAD P, SHIH P, BRIGGS
SP. 2008. Direct identification of the Meloidogyne incognita sec-
retome reveals proteins with host cell reprogramming potential.
PLoS Pathogens, 4(10): e1000192

BOHLMANN H, SOBCZAK M. 2014. The plant cell wall in the feed-
ing sites of cyst nematodes. Frontiers in Plant Science, 5: 89

BURGESS TL, KELLY RB. 1987. Constitutive and regulated secretion

of proteins. Annual Review of Cell Biology, 3: 243-293

CASTAGNONE-SERENOP, SEMBLAT JP, CASTAGNONE C. 2009.
Modular architecture and evolution of the map-1 gene family in
the root-knot nematode Meloidogyne incognita. Molecular Ge-
netics and Genomics, 282(5): 547-554

CHEN JS, HU LL, SUN LH, LIN BR, HUANG K, ZHUO K, LIAO
JL. 2018. A novel Meloidogyne graminicola effector, Mg-
MO237, interacts with multiple host defence-related proteins to
manipulate plant basal immunity and promote parasitism. Molec-
ular Plant Pathology, 19(8): 1942-1955

CHEN JS, LIN BR, HUANG QL, HU LL, ZHUO K, LIAO JL. 2017.
A novel Meloidogyne graminicola effector, MgGPP, is secreted
into host cells and undergoes glycosylation in concert with prote-
olysis to suppress plant defenses and promote parasitism. PLoS
Pathogens, 13(4): ¢1006301

DANGL JL, JONES JD. 2001. Plant pathogens and integrated defense
responses to infection. Nature, 411: 826-833

DAVIS EL, HUSSEY RS, MITCHUM MG, BAUM TIJ. 2008. Parasit-
ism proteins in nematode-plant interactions. Current Opinion in
Plant Biology, 11(4): 360-366

DOYLE EA, LAMBERT KN. 2003. Meloidogyne javanica chorismate
mutase | alters plant cell development. Molecular Plant-Microbe
Interactions, 16(2): 123-131

ELLING AA. 2013. Major emerging problems with minor Meloido-
gyne species. Phytopathology, 103(11): 1092-1102

FLOR HH. 1971. Current status of the gene-for-gene concept. Annual
Review of Phytopathology, 9: 275-296

GAO BL, ALLEN R, DAVIS EL, BAUM TJ, HUSSEY RS. 2004. De-
velopmental expression and biochemical properties of a f-1,4-
endoglucanase family in the soybean cyst nematode, Heterodera
glycines. Molecular Plant Pathology, 5(2): 93-104

GAO BL, ALLEN R, MAIER T, DAVIS EL, BAUM TJ, HUSSEY RS.
2003. The parasitome of the phytonematode Heterodera gly-
cines. Molecular Plant-Microbe Interactions, 16(8): 720-726

GERIC SB, FOUVILLE D, SIRCA S, GALLOT A, UREK G, GRENI-
ER E. 2011. Molecular variability and evolution of the pectate
lyase (pel-2) parasitism gene in cyst nematodes parasitizing dif-
ferent Solanaceous plants. Molecular Biology and Evolution, 72
(2): 169-181

GHEYSEN G, FENOLL C. 2002. Gene expression in nematode feed-
ing sites. Annual Review of Phytopathology, 40: 191-219

GHEYSEN G, MITCHUM MG. 2011. How nematodes manipulate
plant development pathways for infection. Current Opinion in
Plant Biology, 14(4): 415-421

GOVERSE A, SMANT G. 2014. The activation and suppression of
plant innate immunity by parasitic nematodes. Annual Review of
Phytopathology, 52: 243-265

GROSSI-DE-SA M, PETITOT AS, XAVIER D A, SA MEL, MEZZA-
LIRA I, BENEVENTI MA, MARTINS NF, BAIMEY HK, AL-
BUQUERQUE EVS, GROSSI-DE-SA MF, FERNANDEZ D.
2019. Rice susceptibility to root-knot nematodes is enhanced

by the Meloidogyne incognita MSP18 effector gene. Planta, 250:



252 iR/ B A= S 1 474

1215-1227

HABASH SS, RADAKOVIC ZS, VANKOVA R, SIDDIQUE S, DO-
BREV P, GLEASON C, GRUNDLER FMW, ELASHRY A.
2017. Heterodera schachtii tyrosinase-like protein: a novel nem-
atode effector modulating plant hormone homeostasis. Scientific
Reports, 7(1): 6874

HAEGEMAN A, KYNDT T, GHEYSEN G. 2010. The role of pseudo-
endoglucanases in the evolution of nematode cell wall-modify-
ing proteins. Journal of Molecular Evolution, 70(5): 441-452

HAMAMOUCH N, LI CY, HEWEZI T, BAUM TJ, MITCHUM MG,
HUSSEY RS, VODKIN LO, DAVIS EL. 2012. The interaction
of the novel 30C02 cyst nematode effector protein with a plant
f-1,3-endoglucanase may suppress host defense to promote para-
sitism. Journal of Experimental Botany, 63(10): 3683-3695

HEWEZI T, HOWE P, MAIER TR, HUSSEY RS, MITCHUM MG,
DAVIS EL, BAUM T1J. 2008. Cellulose binding protein from the
parasitic nematode Heterodera schachtii interacts with Arabidop-
sis pectin methylesterase: cooperative cell wall modification dur-
ing parasitism. Plant Cell, 20(11): 3080-3093

HEWEZI T, HOWE PJ, MAIER TR, HUSSEY RS, MITCHUM MG,
DAVIS EL, BAUMN TJ. 2010. Arabidopsis spermidine synthase
is targeted by an effector protein of the cyst nematode Het-
erodera schachtii. Plant Physiology, 152(2): 968-984

HOGENHOUT SA, VAN DER HOORN RAL, TERAUCHI R, KA-
MOUN S. 2009. Emerging concepts in effector biology of plant-
associated organisms. Molecular Plant-Microbe Interactions, 22
(2): 115-122

HU YF, YOU J, L1J, PAN FJ, WANG CL. 2019. The Heterodera gly-
cines effector Hg16B09 is required for nematode parasitism and
suppresses plant defense response. Plant Science, 289: 110271

HUANG GZ, ALLEN R, DAVIS EL, BAUM TJ, HUSSEY RS. 2006a.
Engineering broad root-knot resistance in transgenic plants by
RNAI silencing of a conserved and essential root-knot nematode
parasitism gene. Proceedings of the National Academy of Scienc-
es of the United States of America, 103(39): 14302-14306

HUANG GZ, DONG RH, ALLEN R, DAVIS EL, BAUM TJ,
HUSSEY RS. 2006b. A root-knot nematode secretory peptide
functions as a ligand for a plant transcription factor. Molecular
Plant-Microbe Interactions, 19(5): 463-470

HUSSEY RS. 1989. Disease-inducing secretions of plant-parasitic nem-
atodes. Annual Review of Phytopathology, 27: 123-141

JAOUANNET M, MAGLIANO M, ARGUEL MJ, GOURGUES M,
EVANGELISTI E, ABAD P, ROSSO MN. 2013. The root-knot
nematode calreticulin Mi-CRT is a key effector in plant defense
suppression. Molecular Plant-Microbe Interactions, 26(1): 97—
105

JAOUANNET M, PERFUS-BARBEOCH L, DELEURY E, MAGLIA-
NO M, ENGLER G, VIEIRA P, DANCHIN EGJ, DA ROCHA
M, COQUILLARD P, ABAD P, et al. 2012. A root-knot nema-
tode-secreted protein is injected into giant cells and targeted to
the nuclei. The New Phytologists, 194(4): 924-931

JAUBERT S, LEDGER TN, LAFFAIRE JB, PIOTTE C, ABAD P,

ROSSO MN. 2002. Direct identification of stylet secreted pro-
teins from root-knot nematodes by a proteomic approach. Molec-
ular and Biochemical Parasitology, 121(2): 205-211

JAUBERT S, MILAC AL, PETRESCU AJ, DE ALMEIDA-ENGLER,
ABAD P, ROSSO MN. 2005. In planta secretion of a calreticulin
by migratory and sedentary stages of root-knot nematode. Molec-
ular Plant-Microbe Interactions, 18(12): 1277-1284

JONES JDG, DANGLE JL. 2006. The plant immune system. Nature,
444(7117): 323-329

JONES JT, FURLANETTO C, BAKKER E, BANKS B, BLOK YV,
CHEN Q, PHILLIPS M, PRIOR A. 2003. Characterization of a
chorismate mutase from the potato cyst nematode Globodera
pallida. Molecular Plant Pathology, 4(1): 43-50

JONES JT, HAEGEMAN A, DANCHIN EGJ, GAUR HS, HELDER J,
JONES MGK, KIKUCHI T, MANZANILLA-LOPEZ R, PALO-
MARES-RIUS JE, WESEMAEL WML, et al. 2013. Top 10
plant-parasitic nematodes in molecular plant pathology. Molecu-
lar Plant Pathology, 14(9): 946-961

KUD J, WANG WIJ, GROSS R, FAN YH, HUANG L, YUAN YL,
GRAY A, DUARTE A, KUHL JC, CAPLAN A, et al. 2019. The
potato cyst nematode effector RHA1B is a ubiquitin ligase and
uses two distinct mechanisms to suppress plant immune signal-
ing. PLoS Pathogens, 15(4): €¢1007720

KUDLA U, QIN L, MILAC A, KIELAK A, MAISSEN C, OVER-
MARS H, POPEIJUS H, ROZE E, PETRESCU A, SMANT G,
et al. 2005. Origin, distribution and 3D-modeling of Gr-EXPBI1,
an expansin from the potato cyst nematode Globodera rosto-
chiensis. FEBS Letters, 579(11): 2451-2457

LAMBERT KN, BEKAL S, DOMIER LL, NIBLACK TL, NOEL GR,
SMYTH CA. 2005. Selection of Heterodera glycines chorismate
mutase-1 alleles on nematode-resistant soybean. Molecular
Plant-Microbe Interactions, 18(6): 593-601

LEE C, CHRONIS D, KENNING C, PERET B, HEWEZI T, DAVIS
EL, BAUM TJ, HUSSEY R, BENNETT M, MITCHUM MG.
2011. The novel cyst nematode effector protein 19C07 interacts
with the Arabidopsis auxin influx transporter LAX3 to control
feeding site development. Plant Physiology, 155(2): 866-880

LEELARASAME N, ZHANG L, GLEASON C. 2018. The root-knot
nematode effector MiPFN3 disrupts plant actin filaments and
promotes parasitism. PLoS Pathogens, 14(3): €1006947

LI X, GU XC, LONG HB, PENG H, HUANG WK, PENG DL. 2017.
Identification and expression analysis of a new pectate lyase
gene Ha-pel-1 from Heterodera avenae. Scientia Agricultura Si-
nica, 50(19): 3723-3732 (in Chinese) [Z2=5, JiI )1, e ikE, %
e, BEOCH, AR 2017, ARAF Lk B RR AL iR Sk ]
Ha-pel-1 1) % 5E 15 R B FHE 204 . B AROE B2, 50(19):
3723-3732]

LIU J, PENG H, CUI JK, HUANG WK, KONG LG, LIU CLARKE
JC, JIAN H, WANG GL, PENG DL. 2016. Molecular character-
ization of a novel effector expansin-like protein from Heterodera
avenae that induces cell death in Nicotiana benthamiana. Scien-

tific Reports, 6: 35677



240 B AR AR AL RN TR 253

LONG HB, SUN YF, ZENG FY, PENG J, BAI C. 2016. Identification
and developmental analysis of a new pectate lyase gene Me-
pel2 in the root-knot nematode Meloidogyne enterolobii. Chi-
nese Journal of Tropical Crops, 37(1): 92-98 (in Chinese) [ 21
e, INEETT, W Lz, 2, FL. 2016, R GARESLE d R
LI AT H ) Me-Pel2 119 4578 Uk B 2B 51T . Pl R
%, 37(1): 92-98]

LOZANO-TORRES LJ, WILBERS RHP, WARMERDAM S, FINK-
ERS-TOMCZAK A, DIAZ-GRANADOS A, VAN SCHAIK CC,
HELDER J, BAKKER J, GOVERSE A, SCHOTS A, et al.
2014. Apoplastic venom allergen-like proteins of cyst nematodes
modulate the activation of basal plant innate immunity by cell
surface receptors. PLoS Pathogens, 10(12): e1004569

LOZANO-TORRES LIJL, WILBERS RHP, GAWRONSKI P, BO-
SHOVEN JC, FINKERS-TOMCZAKA, CORDEWENER JHG,
AMERICA ANTOINE HP, OVERMARS HA, VAN ‘T
KLOOSTER JW, BARANOWSKI L, et al. 2012. Dual disease
resistance mediated by the immune receptor Cf-2 in tomato re-
quires a common virulence target of a fungus and a nematode.
Proceedings of the National Academy of Sciences of the United
States of America, 109(25): 10119-10124

LUC M, SIKORA RA, BRIDGE J. 1990. Plant parasitic nematodes in
subtropical and tropical agriculture. 2nd edition. Wallingford
UK: CAB Int, pp. 629

LUO SJ, LIU SM, KONG LG, PENG H, HUANG WK, JIAN H,
PENG D. 2019. Two venom allergen-like proteins, HaVAP1 and
HaVAP2, are involved in the parasitism of Heterodera avenae.
Molecular Plant Pathology, 20(4): 471-484

MA ZC, ZHU L, SONG TQ, WANG Y, ZHANG Q, XIA YQ, QIU M,
LIN YC, LI HY, KONG L, et al. 2017. A paralogous decoy pro-
tects Phytophthora sojae apoplastic effector PsXEG1 from a
host inhibitor. Science, 355(6326): 710-714

MANOSALVA P, MANOHAR M, VON REUSS SH, CHEN S, KOCH
A, KAPLAN F, CHOE A, MICIKAS RJ, WANG XH, KOGEL
KH, et al. 2015. Conserved nematode signalling molecules elicit
plant defenses and pathogen resistance. Nature Communications,
6: 7795

MASONBRINK R, MAIER TR, MUPPIRALA U, SEETHARAM AS,
LORD E, JUVALE PS, SCHMUTZ J, JOHNSON NT, KORKIN
D, MITCHUM MG, et al. 2019. The genome of the soybean cyst
nematode (Heterodera glycines) reveals complex patterns of du-
plications involved in the evolution of parasitism genes. BMC
Genomics, 20(1): 119

MO YD, TIAN CM. 1999. Molecular biology overview of host-patho-
gen interaction. Shaanxi Forrest Science and Technology, (1):
7476, 78 (in Chinese) [SCFERE, HIEEW]. 1999. FF -5 54
HARI T AW . DRPEAROL B, (1): 74-76, 78]

NIU JH, LIU P, LIU Q, CHEN CL, GUO QX, YIN JM, YANG GS, JI-
AN H. 2016. Msp40 effector of root-knot nematode manipulates
plant immunity to facilitate parasitism. Scientific Reports, 6:
19443

PENG H, GAO BL, KONG LA, YU Q, HUANG WK, HE XF, LONG

HB, PENG DL. 2013. Exploring the host parasitism of the mi-
gratory plant-parasitic nematode Ditylenchus destructor by ex-
pressed sequence tags analysis. PLoS ONE, 8(7): ¢69579

PENG H, PENG DL, HUANG WK, HE WT, HU XQ. 2012. Molecular
cloning and analysis of a novel pectate lyase gene Hg-pel-5 from
soybean cyst nematode. Scientia Agricultura Sinica, 45(5): 854~
866 (in Chinese) [ B2k, B2 18 [L, ¥ SCH, B SCIE, W Jo 47 .
2012, JEZ A HELR HUR KRR 2L B (K] Hg-pel-5 B vERE S 4
Wi FEOL R, 45(5): 854-866]

POGORELKO G, JUVALE PS, RUTTER WB, HEWEZI T, HUSSEY
R, DAVIS EL, MITCHUM MG, BAUM TJ. 2016. A cyst nema-
tode effector binds to diverse plant proteins, increases nematode
susceptibility and affects root morphology. Molecular Plant Pa-
thology, 17(6): 832-844

POGORELKO GV, JUVALE PS, RUTTER WB, HUTTEN M, MAI-
ER TR, HEWEZI T, PAULUS J, VAN DER HOORN RA,
GRUNDLER FMW, SIDDIQUE S, et al. 2019. Re-targeting of a
plant defense protease by a cyst nematode effector. The Plant
Journal, 98(6): 1000-1014

QIN L, KUDLA U, ROZE EHA, GOVERSE A, POPEIJUS H, NIEU-
WLAND J, OVERMARS H, JONES JT, SCHOTS A, SMAN-
TET G, et al. 2004. Plant degradation: a nematode expansin act-
ing on plants. Nature, 427(6969): 30

REHMAN S, BUTTERBACH P, POPEIJUS H, OVERMARS H, DA-
VIS EL, JONES JT, GOVERSE A, BAKKER J, SMANT G.
2009. Identification and characterization of the most abundant
cellulases in stylet secretions from Globodera rostochiensis. Phy-
topathology, 99(2): 194-202

REHMAN S, GUPTA VK, GOYAL AK. 2016. Identification and func-
tional analysis of secreted effectors from phytoparasitic nema-
todes. BMC Microbiology, 16: 48

ROBERTSON L, ROBERTSON WM, JONES JT. 1999. Direct analy-
sis of the secretions of the potato cyst nematode Globodera ros-
tochiensis. Parasitology, 119(Pt2): 167-176

SABEH M, LORD E, ERIC G, ST-ARNAUD M, MIMEE B. 2019.
What determines host specificity in hyperspecialized plant para-
sitic nematodes? BMC Genomics, 20: 457

SEMBLAT JP, ROSSO MN, HUSSEY RS, ABAD P, CASTAGNONE-
SERENO P. 2001. Molecular cloning of a cDNA encoding an
amphidsecreted putative avirulence protein from the root-knot
nematode Meloidogyne incognita. Molecular Plant-Microbe In-
teractions, 14(1): 72-79

SIDDIQUE S, GRUNDLER FM. 2018. Parasitic nematodes manipu-
late plant development to establish feeding sites. Current Opin-
ion in Microbiology, 46: 102-108

SMANT G, STOKKERMANS JP, YAN Y, DE BOER JM, BAUM TJ,
WANG X, HUSSRYI RS, GOMMERS FJ, HENRISSAT B, DA-
VIS EL, et al. 1998. Endogenous cellulases in animals: isolation
of f-1,4-endoglucanase genes from two species of plant-parasitic
cyst nematodes. Proceedings of the National Academy of Scienc-
es of the United States of America, 95(9): 4906-4911

VAN DER HOORN RA, KAMOUN 8. 2008. From guard to decoy: a



254 iR/ B A= S 1 474

new model for perception of plant pathogen effectors. The Plant
Cell, 20(8): 2009-2017

WANG XH, MITCHUM MG, GAO BL, LI CY, DIAB H, BAUM TJ,
HUSSEY RS, DAVIS EL. 2005. A parasitism gene from a plant-
parasitic nematode with function similar to CLAVATA3/ESR
(CLE) of Arabidopsis thaliana. Molecular Plant Pathology, 6(2):
187-191

WIECZOREK K. 2015. Cell wall alterations in nematode-infected
roots. Advances in Botanical Research, 73: 61-90

XIE JL, YANG F, HUANG WK, PENG DL, PENG YL, JI HL. 2017.
Advances in major rice parasitic nematodes in recent years. Jour-
nal of Plant Protection, 44(6): 940-949 (in Chinese) [ % ik, %
05, WSO, SR, AR, LTI . 2017, SEAREKAR E Lk
I T IIFTE IR . R ORAP 2441, 44(6): 940-949]

YANG D. 2017. Comparative analyses of high-throughput sequencing
datasets and target genes mining for several important plant-
nematodes. Ph. D Thesis. Beijing: China Agricultural University
(in Chinese) [} . 2017. JURh T ZLHE 4 4% H ey 30 0 e 400
R0 OVINE Wy SNt T L e AT i | 5 RS AT /N
]

YANG SS, DAI YR, CHEN YP, YANG J, YANG D, LIU Q, JIAN H.
2019. A novel G16B09-like effector from Heterodera avenae
suppresses plant defenses and promotes parasitism. Frontiers in
Plant Science, 10: 66

YANG YZ, JITTAYASOTHORN Y, CHRONIS D, WANG XH, COUS-

INS P, ZHONG GY. 2013. Molecular characteristics and effica-
cy of 16D10 siRNAs in inhibiting root-knot nematode infection
in transgenic grape hairy roots. PLoS ONE, 8(7): €69463

ZHANG L, DAVIES LJ, ELLING AA. 2015. A Meloidogyne incognita
effector is imported into the nucleus and exhibits transcriptional
activation activity in planta. Molecular Plant Pathology, 16(1):
48-60

ZHANG YD, KONG XC, HUANG WK, KONG LA, LI HM, PENG
H, PENG DL.2018. Identification and functional analysis of two
expansin genes Hg-exp-1 and Hg-exp-2 from the soybean cyst
nematode (Heterodera glycines). Scientia Agricultura Sinica, 51
(17): 3302-3314 (in Chinese) [5Ki#i 7%, FLIEH, ¥ CHh, L4
2, AT, W, AR 2018, K ELflE Lk b i R 2R 1t
[Kl(Hg-exp-1, Hg-exp-2)RI%E5E MIIRES T . sPIEAOIL R, 51
(17): 3302-3314]

ZHAO JH, LI LJ, LIU Q, LIU P, LI S, YANG D, CHEN YP, PAGNOT-
TA S, FAVERY B, ABAD P, et al. 2019. A MIF-like effector sup-
presses plant immunity and facilitates nematode parasitism by in-
teracting with plant annexins. Journal of Experimental Botany,
70(20): 5943-5958

ZHUO K, CHEN JS, LIN BR, WANG J, SUN FX, HU LL, LIAO JL.
2017. A novel Meloidogyne enterolobii etfector MeTCTP pro-
motes parasitism by suppressing programmed cell death in host

plants. Molecular Plant Pathology, 18(1): 45-54

(AR H  RIR )



