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Analysis of differentially expressed genes from female and
male postparasitic Ovomermis sinensis juveniles

WU Yun-Mei, ZHANG Li-Hong, WANG Guo-Xiu"

(Hubei Key Laboratory of Genetic and Integrative Biology, College of Life Sciences, Huazhong Normal University, Wuhan 430079, China)

Abstract: Mermithidae, as an important natural predator of pests such as Bollworm, has great potential for natural
biological control of invasive pests. Unfortunately, the in vitro culture of the nematode has not yet been successful,
delaying the commercial application of this pest control method. The key reason for this failure is the inability of the
worms to accomplish sex differentiation, sparking a strong interest in this process. Here, we analyzed the differences in
gene expression of female and male postparasitic Ovomermis sinensis juveniles by mRNA differential display. In total, 20
gene fragments that had differential expression in male and female worms were isolated, including 8 male- and 12
female-specific ones. Bioinformatics methods were employed to analyze sequences of these fragments, in which ensembl
analysis shows 4 fragments have comparable parts with C. elegence’s X chromosome, we speculate those fragments are
important genes which influence sex differentiation of Ovomermis sinensis, This data provides an idea for further study of
the molecular mechanism of sex differentiation in mermithids.
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PR 2 VUL B AE MBI AR . R i ix
— ), TAEE A AMT O AR B A A
L b R B8 A4 S0 85 5 Rk e, (R I R SRAT e )
(Wang et al, 2001), H 2R P& R R 02 UANRE
SERCEN b St IRIE, B H TR R
PER AL R A A R B & S, 1
HEA =K N HE

HHT, X B e dobE i o L o, 3222
5 BRI 2 L 2 4 R0 A A A %5 7 T (L et al,
2006), XA FHLEL B AR TE R DB BE . He
et al (2009)F1 Ren et al (2011a, b7 5l 5 5 7 ¥ 5
YosE REEIE R tra-1 85 Fr BERVE IR R B AH DG
vasa K ¢cDNA J¥#%1; Gao et al (2004)i it
mRNA 2 53 7R 1 AR i) B Ik B A2 1) 3 %
FEL 1 7K T ) M i H 1 356 R 3 ik 3R 4T T 40 T,
R T B R DR R IEAE RNA FIER (/K P34 47
W ZE S, H T I ST AR R, AT
HARBAT FERAN IS R, T mEAR A
HTE AT e, I aF A o 4 Hud Fodk
R A A ) BRI (L et al, 2006), #F5T1%
I 30 2 (10 35 DR R IR R T T i rh AR O R 45 1
S 1 A Y1 = S 1 < YO (EDC R EA B S iR 7
FICAHREE = o Bk, T g MR & 15
THUH, 53 B A2 PR iR R B OB I RE DR R IA
ZE ¢, 62T [ 1 P9 SR DG SCHlR i) Bl b, AHF SR
F mRNA Z R RIEHR, o0 1 3 A SR B
W Bl R SR R FRIA = e, JERIH 24 XF 514900 %
I 309 PR A 1 4 38 mRINA BEAT I 28, &1 40 3 3
2 HUME IR R F O B B M A v 2 R B SR I A B
NP R 7 I R SR s 2 O 17 o O o I W
A

1 #MR57F%

L1 SKEAFHY

LIl SEgezhY) PR R&L HCR B A L4
HAZH, A B IAEAR S S K AR 7R
#H

1.1.2 FZEAF] PMD 18-T. Rnase-Free DNase.
T4 DNA Ligation Kit. T4 DNA Ligase. Primerscript
reverse transcriptase 4% f& ) H TaKaRa A #];
E.ZN.A.TM Gel Extraction Kit JiJ |H Omega bio-tek;
Taq DNA polymerase I | Fermentas A 7]; TRIZOL
REAGENT [ Invitrogen 2%, H e 0 4y

Frat, T8 A E R AR 2 ] .
.13 519Fs 3 #ixsl¥: © H-THA: 5-
AAGCTTTTTTTTTTTA-3"; @ H-T11C: 5-AAGCT
TTTTTTTTTTC-3; @ H-T11G: 5-AAGCTTTTTT
TTTTTG-3's

5" BEMLSIY: O H-AP1: 5-AAGCTTGATT
GCC-3'; @ H-AP2: 5-AAGCTT CGACT GT-3'; @
H-AP3: 5-AAGCTTTGGTCAG-3"; @ H-AP4: 5'-
AAGCTTCTCAACG-3'; & H-AP5: 5-AAGCTTA
GTAGGC-3'; ® H-AP6: 5'-AAGCTTGCAC CAT-3"
@ H-AP7: 5-AAGCTTAACGAGG-3'; H-APS:
5-AAG CTTTTACCG C-3'.
1.2 KWHE
12,1 RO i, MR A 5 14 2 U 3R
B e G &R 4 UK G ISy, #4515 3 100:1
F 51 R o3 R e % L, RN RIS ) H 4R
it EROE L R AR R g S L, E R K YR S BT
FIRYE R, BN 26 CREFRARE TR

¥gE s d JEHuh, T TES ] DEPC K
TP, RGBS RSN DEPC AbHIRLfY EP 45,
WRGER G, B T-80 CUKAI#H -
122 hEOIRZ & RNA (% % Trizol X7
A8 FH U8 BH 9 55 AR SEBO AR RE L, 20 B EDUME |
T AR O 2R 26 12T A S 4 HUR LA RNA
123 RNA FREIENZ4 DNA 1L FIH
RNase-free DNase 1 2:[R5% B 1R 12 0N 2R 2 H 3 4]
41 DNA, RNA [1)5¢ 810 i 20 BEw 6 e v vl A,
FIFH D ECE TR RNA MR RN 2L . 7353 LA
23 DNase T4 PE ) RNARNA J 5% 1%/ cDNA
HEALKY 1 actin KEPH, Horfr cDNA AE 4y BT,
RBAZKAE A B, Rl DNA 15 584 25 B3
124 mRNA Z%E/R PCR cDNA %414
B AR 0.2 mL O PRGN : BT 514920
pmol/L)1 uL, dNTP(10 mmol/L)1 pL, hHEHHZEek gt
&L RNA 2 pg, RNase-free /K#h4 14 pL; #RJ5 PCR
{%Hp 65 “C AbFE 10 min, ZEIVKH 1 min; F4 5500,
B\ RNase Inhibitor(40 U/uL)1 uL, 5xFirst-Strand
Buffer 4 pL; 847, A5&.0, PCR X 42 'C i H 2
min; fIA 1 uL primscript reverse transcriptase (200
U, JH TaKaRa 2A#]); B4 G, PCR U
42 °C & 50 min; PCR L+ 70 ‘C 4b2E 15 min LA
K S e iy ST RVHEAT 56 B A 20 °C
RAF-




530 SIBHFEE: BN R A R A ) U DR 2 Rk oy 489

cDNA 25 "8 [& i 76 0.2 mL B0 A
AT 51420 umol/L)1 uL, 25 HERENLE
(20 pmol/L)1 pL, cDNA Z5—4#7=4) 2 uL, 10xPCR
ZZpP 2 uL, 10 mmol/L dNTPs 0.4 pL, 25 mmol/L
MgCl, 1.4 uL, JER7KAME 19 pL; PCR 1%, 96 C
AbFE 10 min J5, 36 ‘CALEE 15 min; #RJ5 A 1 L
Taq M(1 U/uL); #2 LA NFEFHEAT PCR §78: 94 °C5
min, 94 “C45 s, 40 ‘C2 min, 72 ‘C 1.5 min, 40 ¥,
72 °C 10 min; #XJ5-20 C RAF&H].

1.2.5 ABHERWNEBIER IR 4 5IE 3.5 pL 2=
578 PCR PN 2 pl A8 2 R A i e et e L
PRS2 L(95% 25 B 7 W L%, 20 mmol/L EDTA,
0.05%¥ 13 >, 0.05% —H K1), 95 'CAZ 1 3 min,
SRJGAH ] TBE 22T 6% P78 1 20 T 9 I A ok e
FHEATHLIK, 400 V HLKRZY 6 h BI85 B, AR
JEHC N, R 5L R . % IR A
1.2.6 %5 cDNA JyBeiylaifie - HF#F ARV
M. M Rk 2 510 DNA F B N 0.5 mL 2500
B NN 20 uLTE R4, T 95 °C 42 20
min, K DNA F BN TE 250K .

127 75 cDNA f Bl S50 DL AL
PR, F IR GAFXS 2 e BEFR Y 1S, PCR =) 2255
NEFERENZ I H v B, 5 pMD-19T #iAkid$,
RIGE KA RAG . TR, IEFEIY, Prfsiy
51 7E NCBI Al Ensemble 31T LUBAHT, W14 E
HIge.

2 FERELQWN

2.1 M. EFERSNKRMLE

AR BN R 2k BT AR ) IR e A R ) v B
L HEMER b . IR EE R RN (S: 1), E IR e S
FEJJEUN ZFAEIAR I R (>10 d), BESLR TR
15 M PSR NE R 2, bl E &4
Je WAk B AR R, HLBEAS 0 A o e i A
AN (100:1), HIRTEP B AR
[ RL(~T d), KB R 25 AR o 44 AR,
AR A A . PRI, AR LA A AR I )
S HUR KNI oy A . e 2 2F i B4 2k
2.2 FAEOIZRZ B RNA BYIZEY

Sy MNAEEUME . BT AR S A2k B RNA, H
Nanodrop 737606 EETH3 I e H el fg 5k Es . 451
80 mg L WA B KA 4F 60 pg M RNA,

0D260/280 F1 OD260/230 {H53 514 1.9 F12.0 Z2 45,
B HR BB vk B P (] 1)288 188 A/ RNA — 4%
Ty A E AT W

28s
18s

K1 APAEOERER U RNA

Fig. 1 Total RNA of Ovomermis sinensis

2.3 RNA HYJ DNA fg4bi2

16 AR PS5 RN Al R S84 5 SR R E L UL RNA
e, H DNase I 4b2E, PAEr L H AR = DNA, LA
PRSIV . ACH S SRR B H vk B b =4
AT BT RT UL, SRR AL S ) RNA {5 BA B s 8
$EPE; H.LAZE DNase TAREE 1) RNA FHBHPE XS A A
PR 48 H actin FEH, 177 LL cDNA A AR (1) BH 4
KRR (1 2). Kk, PTLAERIZ3d DNase 1
RO S I RNA 584 2Bk T 28141 DNA.

2000 bp

250 bp
100 bp

Bl 2 rAETE R4 L RNA 5k Y SE IR 41 DNA (RR
Fig. 2 Detection of DNA in total RNA of Ovomermis sinensis
1) £kt cDNA MBI 1Y actin; 2) FKAEXT Y18 actin; 3) HELL 1 RNA
R acting 4) HELL I RNA SIHHRT I actin.

1) Amplification of actin using cDNA of O. sinensis; 2) Amplification of
actin using ultrapure water; 3) Amplification of actin using RNA of female

O. sinensis; 4) Amplification of actin using RNA of male O. sinensis.

24 EFRRT PCR
DD-PCR FEILE 6% 1) A8 M 58 VA s Bk e ot Jie L
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Bk, RPN 3) WA & F=4E
IR — 4, MAHELAL I 5 — 4 F R
WAZAAT, A BN 2ZE 400, HIEEFAR IV
o LS 33 Lz

1 2 3 4 5 6

\

K3 7> DD-PCR 45 R (#i Sk fit s 2653 451
Fig. 3 Partial result of DD-PCR (arrows show
differential fragments)

1-3: MiE S DD-PCR F=¥J(H-T11C 55 H-AP8 ¥1); 4-6: M EL
DD-PCR j#J(H-T11C Y5 H-AP8 1)
1-3: Repeat DD-PCR of female Ovomermis sinensis (Amplification by H-T11C
and H-AP8); 4-6: Repeat DD-PCR of male O. sinensis (Amplification by
H-T11C and H-APS).

25 =5 DNA FEREYE. TES5MNF

CAVI T 72 5 v Bl O A, 943 73 AR
I FRTEEET 5 | ) FIBE AL | ) FE T 306 22 S 4 v 33 4%
FESeAlr i 13 S IERICR I, AR 20
FIEFART . Horh 8 RAEMERUA N R AL, 12 &
EMEAA N R IE, IE 20 4y G kA 3L
TR o
2.6 Z5 cDNA FERBILLRT

W A AT R ¥ 5I4E NCBI _L3EAT blastx 4047
RO, Horb 4 (M G5-4. 8 G8-1. /4 C7-3. 1 C7-4)
HEmP AR, & T 16 K2 HwmiLHE
SE B EHEN A )R D)o ib— T #E T 7 2 F B
fIfets K, R ensembl Wk, 23T T F51 5

75 W4 A5 5 AN AP RE R AL 0 1 R, Hodr 10
AR B BT EeRE 5 AN AR 2 2 e AR AT DL
B, Hax 10 M Bt g Wk 2. Horr, M G7.
I G8-5. IfE C2. M C7-3 %5 4 MBS FHWL R X
et Ak BAT U8 v B[R JEE LE 41 23900 4 49%
44.87%- 36.49%- 33%), M C6-1. HfE G5-3. Hfi G5-2.
M AS-1.0E AS-2 Rl C8-4 435 5 Wi 3L e fafh,
R U Jetofh, FHuNgde IV S Qe tafk, Fmgk il
YO AR T N e HUCELFE R A AR TR BE) ) TRNA
FEERIFN 5 N 2 MU T 5 B oA HAT 8 25 [

3 %

Li et al (2006)i i £ i D) oWl 1 AR O
2 AR A R R A I AR, R A AR S
2128 AT NI AT 244 N I G A TR R A /D, AR
SR, WG TP o A AN B T s W R S
MEPE R LA TR OO B 56 4. HENIL AR B MR 1)
B I 4h T 35 25 5 I 4h 2 dO e jy o Bl HUIX — ok F
ARG IR G R R R B IR OGRS . Dl i,
AHIFFC LB 75 A T B 4 2 A Ok 22 e R 2 AT 1
WS R

Sy HTE LR HOE PRI R IR T AR IR
2 R A LR B 2 T AR, (H Tz i 4=
T R R, T VA A o e HU ) A ) L AR I
W, H A A s R R, T T A
o BE AR T ARAFVE I A OCHE IR, R, K
DASKIE 7 T (A Ut G 18  ARBIF 5kt 1 2 A X
KA mRNA ZE 53 Bon BRI T T & Bk IRk & oK
BEITIAME . ML L RIE = R, IREARSIIR =
T UCGH R Z AR 2 B 2 R R IA IR B, M SR sk
WFUBEE T R

Hd mRNA 2 5 R HARIL 7 B 2] 20 450
T 25 2B 5 A% s S 3RIA LR B, b 8 4R e M
QRPN R Rk, 12 S7EME A R R RIA, Ji i
fE NCBI T blast 20T KI5 2 2 57 i,
A 4 NTHNE TR IIAAEAEAT A R, &R T
16 45 BEX Z 4t (¥ 4 e B A G AR ). nlRE
JELER by SEBG AP REAL TS SANTE, [ P AL d
ORI o A TR >, SR T R AT
AT F D, P, ARSCHTor 8 R BEK 2 0
PLAf s HoR PR ThfRg. 2810, F Ensembl X 73
B 20 4% 25 7 P S HEAT 73 B s A IME G7 1k G8-5.
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x1 EFRBEMEIRES
Tab.1 Homology analyses of DNA fragments derived from DD-PCR products

K&

GenBank /741 %

iR Length Fe RIS E X 54 GenBank P — it AR
No.(? &) (bp) Sequence homology ACeeSSIOn 1o, Identity (%) Similarity (%)
W C7-1 341 \P}}Egﬁ{fzmﬁ?{}iﬁ vomeronasal XP_001520335.1 22 19/51 (37%) 25/51 (49%)
I Cé6-1 358 PREDICTED: titin-like XP_002739922.1 le-06 31/98 (31%) 53/98 (54%)
IHE AS-1 773 ADP, ATP carrier protein XP_001895160.1 2e-56 104/127(81%) 116/127 (91%)
Hf A5-3 348 predicted protein XP_002680011.1 6.5 17/60 (28%) 31/60 (51%)
i G7 406 GF11865 XP_001959783.1 3e-30 61/118 (51%) 91/118 (77%)
I A4-1 445 hypothetical protein TRIADDRAFT 50766 XP_002115731.1 2e-08 27/46 (58%) 36/46 (78%)
I G5-3 529 hypothetical protein LELG_02536 XP_001525979.1 1e-06 34/146 (23%) 62/146 (42%)
I G5-2 723 predicted protein EEH52651.1 0.037 43/119 (36%) 51/119 (42%)
I C8-2 484 Pc12g04650 XP_002557334.1 0.003 27/49 (55%) 34/49 (69%)
I C8-1 573 conserved hypothetical protein EEE27292.1 0.31 24/77 (31%) 43/77 (55%)
Tt G8-5 367 Probable exocyst complex component Secl5 XP_001893932.1 4e-20 60/90 (66%) 73/90 (81%)
T A5-2 423 hypothetical protein Bm1_04940 XP_001892466.1 4e-17 46/64 (71%) 50/64 (78%)
I C8-4 533 hypothetical protein XP_001685961.1 4e-05 28/72 (38%) 38/72 (52%)
I A3-1 165 hypothetical protein Ca019.1660 XP_721737.1 6.4 20/50 (40%) 28/50 (56%)
I C2 505 conserved hypothetical protein XP_002433206.1 Se-09 36/108 (33%) 55/108 (50%)
I C3-3 470 hypothetical protein Bm1_44150 XP_001900292.1 6e-14 44/105 (41%) 58/105 (55%)
#z2 ERFREHR Ensembl 917
Tab.2 Analyses of DNA fragments derived from DD-PCR products by Ensembl website
% R D WRR AR
No. (? &) Homology Species/Chromosome localization

Lodderomyces elongisporus NRRL YB-4239 hypothetical

C. elegans C. intestinalis C. savignyi Drosophila Saccharo-

i G5-3 i XM _001525929.1 myces
protemn no no no U no
WMt G7  Drosophila melanogaster kinesin-73 mRNA U81788.1 X no no 2R no
W AS-1 Cae(lorhabdztzs elegans Adenine Nucleotide TranslocatorNM 069326.2 1 40 o X Il
family member =
Mt C6-1 PREDICTED: Saccoglossus kowalevskii titin-like XM_002739876.1 no no no 3L no
I G5-2 v no no no v
Ift A5-2  Brugia malayi hypothetical protein XM_001892431.1 I A no no Xl
it C2  Pediculus humanus corporis conserved hypothetical protein  XM_002433161.1 X no no no no
i C7-3 X no no no no
it C8-4 Leishmania major hypothetical protein XM_001685909.1 I no no no no
If G8-5 Brugia malayi Probable exocyst complex component Secl15 XM_001893897.1 X no no no no

FRIANE BT RN A ST P B UL 9 DX 52 6 (K e € P 5

Letters and roman numerals in the table show chromosome numbers where genes are located, which have corresponding fragments in this study.

I C2. Mt C7-3 % 4 M B HH M4 d X Bt fk A
YR B ME G7 F B B b e A7 1 2R Jetafk
IR khe-73 FNF5ENZ RO B T X Ytk
(IR klp-4 [RIJEPEFR IR (53 A 50%F0 49%),
o khe-73 4itid i (A kinesin-73  klp-4 4w £ 4 KLP-4,
H 54 Hir KLP-4 FI 3 kinesin-73 4 B &[]
R A, U ARSI BT 4 201 b AR O 2R U

G7 Fr BT RE-S 75 0 2k HUT ) klp-4 5 DRI S e )
khe-73 LR RYEFER . M kip-4 AL F 750 g X
Jetath b, Wik RNA THUHEAKIL KLP-4 J)hEik
RAEFF AR E 50, Kk, KLP-4 S
[ 28 2k & AT b b 4 3 1) L AR A 808 R e
(Ensembl M TT), {H &, JET/FFAHMRIE 28, HE
KLP-4 A ReAEAIE TG A B F )66 7 T H A — e 1
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Mo BT ES 52 BN W AE R K &6
KIE TGRS

FEUN LR i X Gt pAon) 28 U ) 434K T 1)
BAEEEM, X Gtttk B fox-1 Fl sex-1 4
PR 5 53 A4 7 1) 458 ) R BT 46 45 5 (Akerib & Meyer,
1994), “E AT FEHIIE PR E I xol-1 HOWEPEK
ST X Ge gk b R AP o3 A0 G i I A
14 Hil(Hodgkin, 2002; Large & Mathies, 2007).
T WL, Fr 4 X G AR 404 HAT OG5
YEH, Tk ensembl 73#, ASCHTr B9 LA 4

Bk

Akerib CC, Meyer BJ. 1994. Identification of X chromosome regions in
Caenorhabditis elegan that contain sex-determination signal elements
[J]. Genetics, 138(4): 1105-1125.

Chen G, Jian H, Ren HF, Pan CS. 1991. A new species of parasitic nematode
of armyworm: Ovomermis sinensis sp. nov. (Nematoda: Mermithidae)
[7]. Acta Zootax Sin, 16(3): 270-277. [MR4L, fifd, (EH5, Wi
1991, 2745 TRl HU R B R 28 o g — B - P AR BN R 2 e (St A &=
EBh. 3horA2E4k, 16(3): 270-274.]

Gao Y, Wang GX, Chen SL. 2004. Preliminary analysis on dissoluble
protein of Ovomermis sinensis adults by Z-D PAGE [J]. Acta Zool Sin,
50(1): 141-144. [m)5, FHEF5, BREAL. 2004, A by 222 dull ik g
BRI LR AU K AT, SRR, 50(1): 141-144.]

He JF, Wang WN, Zhou QC, Wang GX. 2009. cDNA cloning and
quantitative analysis by real-time RT-PCR of #ra-I gene in Ovomermis
sinensis [J]. Acta Phytophyl Sin, 36(4): 324-328. [B1fR &, Mgk, J4
T2, L. 2009. HAEIIREE I tra-1 P cDNA J BUIR 58 R 1
SN E AT, IR ], 36(4): 324-328.]

Hodgkin J. 2002. Exploring the envelope: Systematic alteration in the
sex-determination system of the nematode Caenorhabditis elegans [J].
Genetics, 162(2): 767-780.

Large EE, Mathies LD. 2007. Chromatin regulation and sex determination
in Caenorhabditis elegans [J]. Trends Genet, 23(7): 314-317.

Li JL, Wang GX, Wang W, Liu XS, Qiao ZX, Zhao S. 2006. Changes of the

KEERRIB B S FWE R X Gefk i B
BARBKFEYE, $#&- FRDYS A BT g5 rh e gy
TR R A %, (HIX S8 5 B A5 PR 44k
KEIE, wfrE— 2T,

HARPTor 2510 10 45 Bt Ensembl 4374
RILE Feor a5 ASPkh BAT [REYE . A0 R 6E 2
MO R 2 HURF A SO RS P 81, A5 Ja B o b n] 45
 cDNA SRS B R K3 AT Dy RE T, BUAE
H BB R 1) 3 bR ad B o S SRR E
il

morphological and chemical substances of the Ovomermis sinensis
during gonadial development [J]. J Central Chn Normal Univ.: Nat Sci,
402): 265-269. [FRA], FEF, R, ML, FEAL B
2006. HAEINR L LT R G B R OL S LA Y R
HIAA. SEIITYE K22 2430 A SRBIEER, 40(2): 265-269.]

Ren S, Chen C, Liu X, Wang GX. 2011a. Molecular cloning and expression
analysis of vasa gene in Ovomermis sinensis [J]. Acta Phytophyl Sin,
38(4): 333-338. [fFFE, Minh, X4, E£ETF5. 2011b. PIEIIRE
dt vasa FE DR B e R TE R A . R ORI AR, 38(4):
333-338.]

Ren S, Wang WN, Zhao NN, Ai H, Wang GX. 2011b. Research progresses
and prospects of nematode, Ovomermis sinensis [J]. Chn J Appl
Entomol, 48(3): 716-719. [{T3&, Tk, B, WXk, THEF.
2011a. *PAEGHRER SR PEN A0 2 THLERAT S RE . N B A
i, 48(3): 716-719.]

Wang GX, Chen QH, Chen G. 2001. In Vitro cultivation of the
Entomogenous nematode Ovomermis sinensis [J]. Acta Zool
Sin, 47(2): 235-239. [EMF5, PR, A 2001 ThHeGIER Lk
IIRSNEE TR B4, 47(2): 235-239.]

Zhong YL, Wang GX. 2001. Advances in the studies on mermithidae in
China [J]. Chn J Biol Control, 17(1): 35-39. [BFE#k, FEF5. 2001.
Fe B B A A R B RSOl o EAEIBIGR, 17(1): 35-39.]
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