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Prediction and analysis of effectors in secreted proteins of the Ditylenchus
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Abstract:  Ditylenchus destructor is an important migratory endoparasitic nematode in sweet potato production, and

effectors play a crucial role in its infection process. Based on the whole-genome information of Ditylenchus destructor, this

study integrated bioinformatics tools such as SignalP 5.0,
#s B #A :2025-04-23 Deep TMHMM, and WoLF PSORT to predict and analyze
EETE R A& TR LB B 5 H (2024YFD1401200
2024YFD1401205-04) ; [¥ ZZBUACA ML 7 Ml AR 2 350 H
(CARS-10) ; %% 77 58 ROBT %2 31 3] ( BLAR A k) B H

effectors in the secreted proteins of this nematode. The re-
sults showed that from a total of 21 283 protein amino acid

sequences in the Ditylenchus destructor genome, 1 788 se-

(KC22087)
FEE R e (1993—) . 3 BT LA AL -1 | B BB 5% B W3 creted proteins were screened. Using EggNOG-mapper for
J7 0 MR R 2 . (E-mail) ibejw0825@ 126.com functional annotation, 371 secreted proteins were assigned

BIAEE  IMNER , (E-mail ) sunhoujun1980@ 163.com to  specific  functions.  Carbohydrate-active  enzyme
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(CAZymes) analysis of the secreted proteins identified 40 proteins belonging to CAZymes, including 13 glycoside

hydrolases and 17 polysaccharide lyases, accounting for 75.0% of the CAZymes. Finally, through analysis of cysteine

number and multiple tandem repeat sequences in the above proteins, a total of 32 candidate effectors were obtained, of

which 19 were hypothetical proteins, and the remaining included c-type lectin domain proteins, zinc finger double domain

proteins, and levansucrase. Using quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR), ten

potential effector genes were randomly selected to examine their expression patterns during Ditylenchus destructor infection ,

and eight of them showed upregulated relative expression levels. The results of this study provide important clues for

revealing the molecular mechanisms of Ditylenchus destructor pathogenicity and offer a theoretical basis for the subsequent

screening of host resistance genes and the development of targeted control agents.

Key words: Ditylenchus destructor; secreted protein; effector; gene function analysis
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Fig.1 Flowchart of effector prediction in Ditylenchus destructor
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Table 1 Specific primers used for quantitative real-time reverse transcription polymerase chain reaction ( qRT-PCR) in this study

FEH 2R FE R A 1 B I ST H)(5'—3")
Actin Msh&E A F:AGGAACTTGTACGCCAACACC
R:ACATTTTGCTGGAAAGGTGGAG
DdX_03382 LY e AN F:TCGCGTTCACGTGTTGTAGA
R:TGGCTCTTCAGTGGTGGATG
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R:GTGGCATTCCCTGCATACCT
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DdX_11810 e E A F:CTGGCCCGACTACTACACCT
R:GGCACAACTTCTGGAAACCG
DdX_17481 ¢ BB R EEMIRE F:GTTTCGAGCCGGGAACATCT

R:GCTCCAGTCTCCGTTCACAT
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Fig2 Analysis results of carbohydrate-active enzymes ( CAZymes)
in secreted proteins of Ditylenchus destructor based on
HMMER, DIAMOND, and eCAMI
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Table 2 Types of carbohydrate-active enzymes ( CAZymes) in secreted proteins of Ditylenchus destructor
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Fig.3 Number of cysteine residues in 792 secreted proteins of Ditylenchus destructor
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Table 3 Classification of 133 Ditylenchus destructor proteins based

on the pathogen-host interaction database
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Table 4 Candidate effectors of Ditylenchus destructor
wpige SRR PR e mamne PRGEE  IRGEEE e
DdX_19123 136 8 TREEN Cnal BHUBER A BESII
DAX_17848 138 7 REHEA AiiA AT B985
DdX_12960 148 18 BEHE N Mht] HIRLRIK BESTIE
DdX_00702 152 9 B Kgp AR RIS
DdX_12807 175 7 R ZafA i) KEBRH
DdX_17481 192 6 ¢ RUSHEE RIS 1] BeBOAG IREEHTA BESTIE
DdX_08491 193 17 TREEN MoPEX7 TR RESHRN
DdX_11810 201 8 REEr KexB ElHER TS Bl E]
DAX_16702 202 6 BEEN VabF BRI RE 10
DAX_08311 208 10 BEHE M Zef15 ISR Al ER
DdX_10276 211 7 REEH Cirl HPLREERTE REHw 1
DdX_(4528 211 17 REEH CDC25 A I A BESTIRSE
DdX_01507 212 12 KON F45 45 (EB ) BEEREE 1Y PsFPI pNEE | BRI

HEA
DAX_04848 214 14 RAEE 1 DAX_04848 NapC PNI7RRE] BN
DdX_13815 223 8 BAE#E 1 DAX_13815 MiP1 TR P B BESTIRE
DdX_13523 241 9 {BE R 1 DAX_13523 Msb2 AU T B 105
DdX_11150 252 10 ¢ RISEE RIS BUE A XC_0531 Ll B N 0 =V £
DdX_13145 254 6 REREA MGG_07015  FEJRIA BESI98
DdX_20302 260 15 pEE-1 GyD 5 SRR T ]
DdX_10855 269 20 PP AR & SR ERLS . BpaC FOMHINE B

AR
DdX_11731 273 7 e FuBckl RSRIE BESTIRE
DdX_00572 277 19 RES e G Rl PsFPI PNEL | RESTIE
DdX_19079 285 14 RIRWE NG CaEAPI H &R B9
DdX_03382 289 10 a2 T2 ik GyD 5 SRR T BESI98
DdX_15941 303 21 BRI ER I ARG GrVAPI DR EGZR LY

(M TCEMEIERR)

DdX_13449 309 8 26 000 JHUAUE Jarl VRG] BESIRSS
DdX_16961 325 6 FrESTRAS B Y soce FHOCTAY PWLI e BN A ¥

ER (CHEPIIEFEYEERR)
DdX_03496 327 10 TREEN PsFPI RGHERTE #985
DdX_14442 334 18 RETEA HK2 A BT A BESTIRSE
DdX_19508 338 7 2 Ground ZEAARIY L 1 BT FTF2 IAHRTT BESI98
DdX_11819 339 9 BEEH Vpsi3 e TR BESTIRE
DAX_10263 348 10 REHEH SpoT TABE AT BEJTIS BT

KR EWIERY)E FH, Hrb, DdX_10276 16468 DAX_045287r 8 MU YL H 255 3 d AR ik 2

B H S 1 d BRI XS R IAE SN R 21 5, Xt AR 41 1%
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Fig.4 Relative expression levels of ten candidate effector genes of Ditylenchus destructor at different infection stages
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