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Comparative analysis of dispersal and propagative larval stages
in the pinewood nematode ( Bursaphelenchus xylophilus)
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Abstract; [ Aim] The formation of the dispersal larva plays an important role in the transmission and spreading of pinewood nema-
tode ( Bursaphelenchus xylophilus) which is a major alien invasive pests of forest worldwide. However, its mechanism about formation
and maintenance remains unclear. [ Method] In this study, digital gene expression (DGE) libraries of two dispersal larvae [ 3rd in-
star (Ly ), and 4th instar (L ) ] and of the propagative larva (L,) were constructed to analyze the differences of gene expression
of different developmental stages from aspects of maintenance of diapause, chemoreception and metabolic pathways. [ Result] A total
of 11184, 8533, 10781 genes were found for Ly, Ly and L, according to reference genome, respectively. Compared with L, most
of the genes in L were down-regulated, and some genes, including chemoreceptor genes, nuclear hormone receptors and other me-
tabolism related genes were up-regulated. The probable function of these genes is in regulating diapause stages, chemosensation and
vector/host interaction in the dispersing larva. Gene ontology and pathway clustering analysis showed that most metabolic pathway in
Ly were down-regulated. However, genes related to metabolic pathways in Ly expressed vigorously. [ Conclusion] This results are

consistent with phenotype of the physiological status of Ly , which does not feed and has low level of overall metabolism.
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FIFARIE SO ARG E T AL YH N R 25 [
FHIF R, L [a] N BOR BRI BE T, JF A
Wr Bl & 4E (& T Hi 45, 2013; Wingfield et al.,
1982),

FARE 4 HUR AR 05 5203 Dy 2 A J 3 B0 )
( propagative pathway ) F14" #5 J& 1] ( dispersal path-
way ) (Ishibashi & Kondo,1977) , H4FEE 2= WA FF 2R
BAERR N B9 BAE R 1 ~4 4 (L, -L,,
L) ZE A, EREEARR AT, iR+
Ao IR 25 T 0 v 5, A B A U A S T Y I
% H ( dispersal third stage larva, Ly);Ly TEEA K
AR RO 0T 5548 AP HOR IV % 4l B (dispersal
fourth stage larva, Ly ), Ly fl Ly Y Raa R A,
AARSRAHTIE , EATTRME A W n] LU AR
(Mamiya, 1983 ; Zhao et al.,2014) ,

i 7 2 A AR £ L rh 5 AF 7R (Hu, 2007)
A X 2k 55 N BRUFT £k B Caenorhabditis elegans
(Maupas) , FEREEE AT, HAZ AN 285 1,
—L, 4 WA R F AR TS B B = R
FERER Tk BE TS S AR IR S5 AR BF, C. elegans 43
TE W —Fh i B 8 S daver, AHXF T 25 A4
daver A FFEE H BARSE R RRAL, T ISR 2% &
TR W) B AN R KRR 4 1 (Cassada &
Russell ,1975; Golden & Riddle, 1984 ; Riddle et al.,
1981) ; AN IREEWK L B | daver 22557250 L, iEA
LI, MG C. elegans fH L, FeikZ AL
TETHA LB R 2 M WA Ly HH2S T C. ele-
gans [ pre-dauer, Ly #124F C. elegans ¥ dauer;{H
J&,C. elegans 1) pre-dauer NEERKMAFLE , IAbF £ Ht
(9 Ly A0A] LK IIRE EAATE . Ly BRPTHVESR LIS,
ARSI RE , BV AT DLERR R ] 5 08 A 28 K
4 Monochamus alternatus Hope, VA {9 H AT I 4%
&Y/, Ly WIASREBL #5717 ( Zhao et al.,2007,2013) ,
A7, Ly A58 T LAHE R [ AR FE g 7
Ly AR, FEO0 R Ly B B I 38 W) o 2 - A4 i
15 Sl Bt R 7 Ry R

e G A2 5 Rk FE R 424 J7 1, Jones et
al.(2001) 3 i B K 3k R 5153 Hr (serial analysis of
gene expression, SAGE ) $f K42 4 358 /|~ C. ele-
gans daver R FRIBAHESEA , Horp | M 1 hsp-
12.6 NEFRIBHFEA . Wang & Kim (2003) ]
FERS R AR AT 2430 PNFE daver AT 25

FIRMWHE A, A 2t 2 FhRe A 1P moR s
(Ly F Ly ) BRIE R 1 32 3R 55 R R 45 510, i 5
HAE# 7 #1557 A K (Zhao et al.,
2014) $EM HAE LR A B IRE T Y C. elegans fH1E
255t Kikuchi et al. (2007 ) i b Xf LA BF 28 4L L,
Hl Ly B9 EST 3% &80 T —28 L %54 19 EST; HA B
Ko Ly, HAEH A EEME TR T, Yan e
al. (2012) Xf FA B4 46 e 55 fU AR #F 2k . Bursaphelen-
chus mucronatus Mamiya et Enda M85 5E2H I F 5T
WA P 2 Bl 2 dL i B0 I -5 A 15 A DG L PR 1Y
XA OT I, HRT, A SR R Y 2 R
B S RIE S 4ERR AL AT e 0 R, AR
WF5EIE RO I R K38 7 BT BOR | 46 1 N B IR
SHYERy b2 Bz AR AR 55 J7 T 73 BT i 2
BT He 25 B R 3R A 25 57 | S I L IO th 2
IR 5 A AL 3R 001 BE A
1 #BE5FE
1.1 B & BRRSIERAE

PECHA R 2 H 2R U8 T 7 VA e BH ol 7 8 4
gL, BRI HUr B AR IERYEAR  Zoad o) B
Yo E Ja PR H B9 HRZS f# FHH B PDA ( potato dex-
trose agar) J53E 5 ( Difco, BD) $5F Jik 5 45 760 & EA T
PE—2PIGFE IR, Ly 708 R IIPEAR Ly 73 8
IR BYRS B2 KA il

FHARIL A 95 KR G W SR R 2 e
T 90 mm AR PDA #5553 A 10 d, KR ddH,0
B M ERFRIESE T ,3000 r + min™ B03 min W L
T Ly BEASH 6 UBEAHAN 3~5 em HIASE, H
DUJR 2 ¥ 2| 15 (baermann funnel technique ) 43 25 £k
H(Baermann, 1917) 55k, ZBRAE Ly &l Ly b
A A SRR PR A BT 35 mm KRR LA, 0
AKH ddH,0, 21 30 min J5 , WEHZE dUE 2 1 R
anEAT DUR & b0 85, Bk, 5Bkl Ly Zedt, R
FHIEHHETE (sucrose flotation ) B0 Jr ¥ 25 bk HL B #
22 FIHAM A o, if — 2 4l fb 4k 1 ( Freckman et al.,
1975) , B, EBR R R TR ZGR PR ,2 h 5
e AN=80 CUKFIIRAFE I
1.2 ##7K RNA 2R 2 ERERRAENF

RNA #2HUffi § RNeasy Micro Kit ( Qiagen, &
) &, RNA $2HU5 , {# 1] NanoDrop DN-1000
(NanoDrop Technologies , 3¢ [ ) K Il A & J51 2, 358 HL
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i b B AR A AT A R, BAA AR SE A
Oligo (dT) [IREEE (beads) & £ &L RNA H mRNA, Jf
515 R A BOBLUEE cDNA, SR T 4 Bl 3 1791 il
Nlalll B Y] X% cDNA | 5£4% Illumina adaptorl , ] H
Mmel 1) 335 CATG i 17 bp B, H-7E 3" v
#% Mumina adaptor2 ; B /i1 A Primer GX1 F1 Primer
GX2 #E 4T PCR ¥ FEA Y 18 )5, il it 6% TBE
PAGE [ Rl 95 i 75417 , 2lifb J5 4 Tlumina &
PR TR P v I
1.3 ERREEEMRFIE

HIHITARA 73 A5 A4 553 i 16 2 A SO 8] B9 22 5+
PRI X 22 TR P-value 2 BRI 0
FEIE , 8 i 458 i) 45 1R A& B % (false discovery rate,
FDR) Y€ P-value WYIRAE, AR5 38 N 0 R ik =
(TPM {E0) , TH53 1% 5L IR AE A [R) AR A 8] 19 22 S R i
R (Fold ) , 22 5 3 1K 3 [H 1Y i 16 2% 1F: FDR <
0.001,Log2>1, FDR fE /)N, 25 S AR B, 3L HH
IR 2 . 2 Log,Fold =1 B}, £/R 1%
FERFIE LI Y Log,Fold<—1 B}, F/R ik T 1
4 \Longold | <1 B, BRFIRTLLER (EIFIE,
2016; BEiASF,2016) .
1.4 ERFRIZFEER GO IhEEF KEGG BT

225t RIKFEIN GO (gene ontology ) 7 Hr & HfE
¥ H Gene ontology B 2 ( http /) www. geneontolo-
gy.org/) o FHTELEKME Veen (http: // bioinfogp.cnb.
csic.es/tools/venny/index. html ) X} 22 53 5% 15 5E [A i
PR, T KEGG b $ 4 ) A6 1 2% 15 8
P17 Pathway & 70HT, 24 Qvalue <0.05 A}, F/n 22
SRk R TR T R
2 BRESH
21 MEFEHEEst

25 Mumina Py, K BRAEHEESK K& N JF5I1AI
PO <2 WIARZE I, 15 2 5 ot 2 DU 7 41 2 (clean
tags) . 45 Clean tags ZLiT W 1 Frs,

F1 ZHAARE R clean tag

Table 1 Clean tags from different larval stages of B. xylophilus

B3t Total X IREAIEL Distinet
s
Suge FTRIRER WBV%  RRERER  HLH%
Clean tags Percentage Clean tags Percentage
L, 5060562 95.98 83531 41.27
Ly 4808908 93.22 114089 34.70
Ly 3436973 94.72 84328 30.70

DU PP Ae0 R B i 2o R WD, Y IU)F tag BUOK T4 T
20x100 K(2 M) B SRR O L8 THE (B 1A) .
clean tags 7£ 3 MHEAFHAT 3 M, F W F KN
JFRE R RO TR . RN P BRI R R L,
ALy, HE B E & T Ly (4 1.5 /%) . XL
L, Al Ly, 2R ERGA L Ly, T6 R, AT B8 2 A % A
(transcripts ) BRI 2]

clean tags 5 DU Ge it (K 1B) W, #5 1
BORT 100 1975 KX tags 76 3 MREAH 5 80% /42
F B S X T DB T 5 IR IR
tags FHEAEH E &, A8 60% 2 A7, X i B
F B s, I R4 Fh 28 1 3B 7K AR, %
ZERSF A AN mRNA B9 R 0E, Rk, B i
VPR B R R

BETSHENBEE, 7 ES % RN A
15971 4>, B, & 47 CATG 41 10 14144 4> (5
88.56% ) ; [ I} 7= Az 70912 %% tag £ 41, 7 LA
map | FIEP Y tag BOR 69278 4~ (i 97.7%) .
A5 HUSAGI H 1 B RSB 4 S R L, 10781 S Ly,
11184 4> Ly, 8533 >, Hrih &4 8531 ( i 79.1%) .
8846( i 79.1%) 7049 ( 15 82.6% ) >4k K ¥l 7 B,
XZ EST M2y 2 F5 LA L, H L EST A 5 HERf
(3 R ik B 05 L (Kikuchi et al.,2007) A B FA
[Fi] s $ 2 H PR R A /KT 1Y LR
22 ERREERZESIT

AR T L, Ly A 1585 4> (1hi 14.2%) 2E A L
FiK 1440 4> (i 12.9%) FE T R 3K A X T
L,,Ly A 568 (i 6.7%) 3EH EiR K, 3723 4
(1543.6%) HH T KRB, XL BR, Ly 1
bR EFRA R SRR R HAR Y A Ly Y
LR IR LR, A BRI N R R IR M
XL, Ly 5 Ly b RERE B E 45
303 11262 4~ Ly, R Ly EIREER 161 4>, F
TALFERGLEE HFEH (heat shock protein, HSP) DA J
— B4y 82 P450 £ ( cytochrome P450,CYP) |
ATRES Ly VUi PSR A ¢ Ly BT Ly, FVEAY LA
S5ACIE 2A) , Hd AU 4% annexin FEH | iZ L TE C.
elegans 15 F R A & VE FH AT O (Rogers et al.,
2001) , MAELy Al B 5 R FRifE & i AR RS
Ko Ly MXTT Ly, FREERHEZ (L 298 4, T
W45 1) o LEZGERE L, R RIBB AR,
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M2 R EBEENAE Lyt N ZA, Wl BB T Ly A GO Z0Wr s M0 T L, Ly 5 Ly 225730k R HE R 4R
R SUKEE Ly B BOR R A AR Wi B sy g%, P e A e Aoy IRE D I (181 2B) o

— Genes mapped by all clean tags  --- Genes mapped by unambigous clean tags

>

Percent of genes identified/%

-

o ® o
S 3
!

HEUR R e

Ly Ly Ly

0 10 20 30 40 50 0 10 20 30 40 500 5 10 15 20 25 30 35
BFFEH Total tag number/ (X 100K)

B

LpJJTA clean tagsi) M54 Lol clean tags FRIFh 0575 Hail
Distribution of L, total clean tags Distinct clean tags
Tag Copy Number Tag Copy Number
2, 5] (129818, 2.57%) [2, 5] (45200, 54.11%)
m [6, 10] (91351, 1.81%) m (6, 10] (12034, 14.41%)
[11, 20] (115652, 2.29%) [11, 20] (7924, 9.49%)
W [21, 50] (223370, 4.41%) m (21, 50] (6915, 8.28%)
m (51, 100] (281427, 5.56%) m (51, 100] (3922, 4.70%)
m > 100 (4218944, 83.37%) " m > 100 (7536, 9.02%)
Ly fTA clean tags 18 3055 HL) clean tags K10 531 HL B
Distribution of Ly, total clean tags Distinct clean tags
Tag Copy Number Tag Copy Number
2, 5] (194783, 4.05%) 2, 5] (70074, 61.42%)
m [6, 10] (113623, 2.36%) m [6, 10] (15060, 13.20%)
[11, 20] (139907, 2.91%) [11,20] (9634, 8.44%)
m [21, 50] (249854, 5.20%) m (21, 50] (7836, 6.87%)
W [51, 100] (295521, 6.15%) m (51, 100] (4128, 3.62%)
= > 100 (3815220, 79.34%) ‘v m > 100 (7357, 6.45%)
Ly clean tagsi¥1E %0545 LBl clean tags R H53 1 LL B
Distribution of L,y total clean tags Distinct clean tags
Tag Copy Number Tag Copy Number
2, 5] (150987, 4.39%) 2, 5] (55375, 65.67%)
m [6, 10] (77054, 2.24%) m [6, 10] (10247, 12.15%)
[11, 20] (93694, 2.73%) [11,20] (6435, 7.63%)
m [21,50] (171465, 4.99% m [21, 50] (5309, 6.30%)

)
W [51,100] (205493, 5.98%) W [51,100] (2880, 3.42%)
m > 100 (2738280, 79.67%) “ W > 100 (4082, 4.84%)

A FARAE AT ;B clean tag $5 DUEAY 434
A Analysis of sequencing saturation; B: Distribution of clean tags.
1 W REIT

Fig.1 Sequencing quality assessment

B 1123
100
mLjvsLy mLyvsLy 1617
= 112 g
Sg 10 61 & £
B 11 g“esh
A R -
=
g
full I ]
1731 3 1 z
303
N 161

V5
W 1262

LyvsL, Lyyvs L,

ikl Pl ek Suy

Cellular component Molecular function Biological process
A 2SR A5 UK B 22 5 RIA R GO TR,
A: Venn diagram of differentially expressed genes; B: GO terms alignment of differentially expressed genes.

B2 L,#L,EXFL, ZRREEESITSH

Fig.2 Statistics of differentially expressed genes of L; and Ly vs L

23 AEESHSEEERASH B, 2 5% B E AR B e, 7 Ly,
175 3¢ 18 % % K (abundantly represented tran- HSP \FMRFamide # 28 JR A G311 7 £ 28
seripts) R E W RAERFE K B W BON F K kg g (major sperm protein) | INFUBRBEEAE (sorbitol dehy-



52 1

P 25 9 IR 5 S AR AU A 2k OB 5 R R 35 X L B

- 115 -

drogenase) )2 %1% % 1132 /& (laminin receptor) %5
TR BB R RA (R 2),

TE Ly 7, 185 323K 5 SR A £ 2 4F FMRFamide
P2 BRAH SCHE 1 LEREE 1 (myosin) | IR TR 42 <
FHOCEE 1 W iG & B e W) & 4 25 11 (late embryogen-

esis abundant-like protein) LA M — 28 T 58 2K H1 A9
FURAE 25 H ( hypothetical protein) (3 3) , X #bXE
I REE e K B IR A 2R 0Esz LA K b ) A
D3 AN AT RES Ly 4ERR RS R AN AR
AR R,

K2 Ly REEREHN 1S HERE

Table 2 Most abundantly represented transcripts in L ( top 15)

HK %S Gene ID

FEH B Gene annotation

CASBxy006642-TA
CASBxy015639-TA
CASBxy011160-TA
CASBxy011590-TA
CASBxy011204-TA
CASBxy011450-TA
CASBxy001869-TA
CASBxy006770-TA
CASBxy013612-TA
CASBxy013457-TA
CASBxy006755-TA
CASBxy014132-TA
CASBxy006119-TA
CASBxy005485-TA
CASBxy000719-TA

P 11 Heat shock protein [ Bursaphelenchus xylophilus |

RIFHBRE 5 A 1 Polyadenylate-binding protein 1 [ Brugia malayi]

I -21 Small HSP21-like protein [ Bursaphelenchus xylophilus ]

KT FEEH Major sperm protein (msp-78) [ Caenorhabditis elegans ]

FHIEAM I MR AL Translationally controlled tumor protein [ Brugia malayi]

FMRFamide #1128 KA H H FMRFamide-related peptide FLP-16 [ Teladorsagia circumcincta ]
B 11 F59F4.2 Hypothetical protein F59F4.2 [ Caenorhabditis elegans |

PG F1-21 Small HSP21-like protein [ Bursaphelenchus xylophilus |

JEFHEE I Z /K 1 Laminin receptor 1 [ Brugia malayi]

B EFE 1 FS8E10.3 Hypothetical protein F58E10.3 [ Caenorhabditis elegans ]

I ZEWERR S8 Sorbitol dehydrogenase ( sodh-1) [ Caenorhabditis elegans ]

MR FR A BEIALE AR F 1 ADP-ribosylation factor 1 [ Marsupenaeus japonicus ]
KHEAZE H S16 40S ribosomal protein S16 [ Brugia malayi]

B E B E 4E 5 11 1 Late embryogenesis abundant-like protein 1 [ Brachionus plicatilis ]
i %E # H CBG06665 Hypothetical protein CBG06665 [ Caenorhabditis briggsae]

£3 L, REERTH 15 HERK

Table 3 Most abundantly represented transcripts in L ( top 15)

FEH %5 Gene ID

FEHERE Gene annoation

CASBxy001869-TA
CASBxy002459-TA
CASBxy000404-TA
CASBxy014466-TA
CASBxy004976-TA
CASBxy007342-TA
CASBxy011550-TA
CASBxy001044-TA
CASBxy007282-TA
CASBxy011450-TA
CASBxy005005-TA
CASBxy004288-TA
CASBxy008932-TA
CASBxy004282-TA
CASBxy005485-TA

AR EFEF] Not annotated

i %E # H F59F4.2 Hypothetical protein F59F4.2 [ Caenorhabditis elegans ]
f%E #H CBG21051 Hypothetical protein CBG21051 [ Caenorhabditis briggsae ]

AT 1 1.27a 60S ribosomal protein L27a [ Caligus clemensi ]

B WUBERTE 4 Myosin regulatory light chain 1 [ Brugia malayi]

BEAZBHIFLAE KA F 1A Eukaryotic translation elongation factor 1A [ Bursaphelenchus xylophilus ]

A TR AE KA elo-6 Fatty acid elongation family member ( elo-6) [ Caenorhabditis elegans ]
i€ FE 4 CBGO1832 Hypothetical protein CBG01832 [ Caenorhabditis briggsae ]

KRS H 1.27 60S ribosomal protein 1.27 [ Brugia malayi]

FMRFamide #1 £ BkAH5EEE H FLP-16 FMRFamide-related peptide FLP-16 [ Teladorsagia circumcincta ]
5 # H HO05103.3 Hypothetical protein HO5L.03.3 [ Caenorhabditis elegans]

AT 1 L3 60S ribosomal protein L3 [ Brugia malayi ]

UBA/TS-N FZALF#H H UBA/TS-N domain containing protein [ Brugia malayi ]

AR [ 136 Ribosomal protein 136 [ Ancylostoma caninum ]

ARG K B B 42 1 Late embryogenesis abundant-like protein 1 [ Brachionus plicatilis ]

FaHAIZ b 5 Ly B0 K T EEE AL
Bl S A SR Rk AR R, R HRP KT
FEEA LS5 A0 TUE 2R 0 R DL A i
SFHCIIRE . SR HUSA [R] AY 2 , BEAH LR
AR EE 1 R AR A T A 3 - I
i U ( glyceraldehyde-3-phosphate dehydrogenase) ,
AR 20 i 245 4 AH OC 2R 1 4 &1 LK 2 1 ( paramyo-
sin) B JE 2 F ( collagen ) 55 3% 35 1 AH X 48 1 (3R
4) o IXFBHBHH AR ZE d i A0 i A S 0 2T Bl K

R E TYHA RS AN, 76 Ly f Ly, R
K e A 5L R AN VR G & B M 1 3 s AR R FMR-
Famide f1Z8 fRAEAE L, I FR BRI, R IL
I AT B 5 ¥ WO S B ES  4EREA O
24 FHEZHL, PFEREAREINER
AT L, , Ly R85 DR IR LR A 260 4> (
2A) , S IERBRA IR BB AR D) REE
F Bl BE 8 A B SE N TR g 25— Se T e iz 1 R
PR , o R Tk i HE P e Hh B 25 SR
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R4 L, REERSH 15 MERE

Table 4 Most abundantly represented transcripts in L, ( top 15)

%5 Gene ID

FERERE Gene annotation

CASBxy006755-TA
CASBxy011590-TA
CASBxy003402-TA
CASBxy005400-TA
CASBxy010555-TA
CASBxy006434-TA
CASBxy006804-TA
CASBxy006119-TA
CASBxy004288-TA
CASBxy006944-TA
CASBxy000952-TA
CASBxy007423-TA
CASBxy014463-TA
CASBxy002290-TA
CASBxy003774-TA

FURER SR (sodh-1) Sorbitol dehydrogenase (sodh-1) [ Caenorhabditis elegans ]
M F EZHE M (msp-78) Major sperm protein (msp-78) [ Caenorhabditis elegans ]
RERL R Putative collagen [ Angiostrongylus cantonensis ]
HAEREF] Not annotated
Roller ZKji% B 51 (r0l-6) Roller family member (1ol-6) [ Caenorhabditis elegans ]
B R U Z 5 L5 (col-17) Collagen family member (col-17) [ Caenorhabditis elegans ]
B IR H Z 552 (col-125) Collagen family member ( col-125) [ Caenorhabditis elegans ]
40S B BHAE 4 S16 40S ribosomal protein S16 [ Brugia malayi
60S A 19 L3 60S ribosomal protein L3 [ Brugia malayi |
AFBEE] Not annotated
HKEREF] Not annotated
RILEREE H Paramyosin
CBR-RLA-1 & 1 C. briggsae CBR-RLA-1 protein [ Caenorhabditis briggsae ]
CBR-RLA-1 & C. briggsae CBR-ALH-1 protein [ Caenorhabditis briggsae |
3R H BN B Glyceraldehyde-3-phosphate dehydrogenase [ Ascaris suum |

x5 L,BRLRARENBISER
Table 5 Selected genes specifically up-regulated in Ly

FF G5 Gene ID Log2 Hﬁ% FFHEFE Gene annotion
Log2 ratio

CASBxy014551-TA 12.42 ARIEAZ K SX (srsx-29) Serpentine receptor class SX (srsx-29) [ Caenorhabditis elegans ]
CASBxy012490-TA 11.01 AW H IK-S-5: % Glutathione-S-transferase-3 [ Necator americanus ]
CASBxy002208-TA 10.97 fé%é’?ﬂgﬁﬁﬁm 17 beta-hydroxysteroid dehydrogenase [ Heterodera glycines ]
CASBxy013300-TA 9.11 AL Z A ODR-10 ODR-10 [ Caenorhabditis remanei ]
CASBxy015102-TA 8.45 SR B Pectate lyase [ Bursaphelenchus xylophilus ]
CASBxy015126-TA 8.18 ARIEAZ K SX (srsx-30) Serpentine receptor class SX (srsx-30) [ Caenorhabditis elegans ]
CASBxy014429-TA 8.03 CBR-STR-89 % H CBR-STR-89 protein [ Caenorhabditis briggsae ]
CASBxy014269-TA 7.47 I T MM A 3-hydroxybutyrate dehydrogenase type 2 [ Tribolium castaneum ]
CASBxy005917-TA 5.75 BN A il Aldehyde dehydrogenase (alh-10) [ Caenorhabditis elegans |
CASBxy009944-TA 4.63 ARIEZ R TE H (str-19) Seven TM receptor family member (str-19) [ Caenorhabditis elegans ]
CASBxy015858-TA 4.62 CBR-SCL-1 #H CBR-SCL-1 protein [ Caenorhabditis briggsae]
CASBxy004923-TA 4.55 #%Z A% 1 NHR-10 CBR-NHR-10 protein [ Caenorhabditis briggsae ]
CASBxy001321-TA 4.40 AR5 Cyclic-nucleotide gated cation channel [ Brugia malayi]
CASBxy007708-TA 3.98 CBR-GES-1 £ CBR-GES-1 protein [ Caenorhabditis briggsae]
CASBxy014352-TA 3.98 B HTRIFUEE (gey-36) Guanylyl cyclase family member (gey-36) [ Caenorhabditis elegans ]
CASBxy015205-TA 3.84 -1 s 35 52 I (folt-1) Folate transporter family member (folt-1) [ Caenorhabditis elegans ]
CASBxy010659-TA 3.81 B3 I Twik 2505 Twik (KCNK-like) family of potassium channels [ Brugia malayi |
CASBxy014549-TA 3.61 FUER S Z % (sodh-1) Sorbitol dehydrogenase family member ( sodh-1) [ Caenorhabditis elegans]
CASBxy010812-TA 3.51 CBR-ACR-5 # 4 CBR-ACR-5 protein [ Caenorhabditis briggsae ]
CASBxy012953-TA 3.46 Destabilase F %4 [1/% Destabilase family protein [ Brugia malayi]
CASBxy013321-TA 3.28 4{@212!3( str-93) Seven TM receptor family member (str-93) [ Caenorhabditis elegans |
CASBxy005079-TA 3.09 #%3Z AR B H (nhr-246) Nuclear hormone receptor ( nhr-246) [ Caenorhabditis elegans ]
CASBxy007174-TA 2.90 WENRTE LS 34 Phosphatidylinositol 3- and 4-kinase family protein [ Brugia malayi]
CASBxy003770-TA 2.89 A RSB Dimeric dihydrodiol dehydrogenase [ Aedes aegypti |
CASBxy005091-TA 2.85 34 & B H i DNAJ domain containing protein [ Brugia malayi ]

éﬁ%ﬁﬁﬂ‘ ﬂﬁu\ ﬁi( serpentine receptor) %E %ﬁﬁﬁﬂf/\%q:ﬁglj‘] ngﬁTfﬁﬁi%ﬁ E@%I*’ﬁﬂjﬁ

Ly HRE S L IRIR PR, A0 srsx-29  srsx-30 str-19
str-89 str-93 Lodr-10 3 6 NAHICEE R FHH L2 FE IR

FIRES Ly B8 AN AL 2055 O BUSA 6, 18
E?.}E%#F—F Ly 8 52 A BOR B KA BRI 1k 27

Jifé T PR IR TR A P 38R Y X 4 i AR AR
EZEIEH S5,

R BRI A A% 524 ( nuclear receptor)

B[N nhr-10 FI nhr-246, %52 VR 3 [N — B B 4
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P, XL SZ AR RERTE Ly RS AU BUR B ik
fo —SACEEEE WAL 5 Ho s e H ik -S - 7%
0l ( glutathione-S-transferase ) | #2 J& 2% i I & i
(17beta-hydroxysteroid dehydrogenase ) | ¥ 4& T iR i
2 (3-hydroxybutyrate dehydrogenase type 2) . .4
TR A S W (dimeric dihydrodiol dehydrogen-
ase) . UDP — #ij % B¥ 5 2 %% #% i ( UDP-glucuronosyl
transferase ) 55 .
25 FREERRIERES

it KEGG pathway (15 4£ 504, B Bk T4

RN RN 2k DUR s 94 Qi ek 7 il
il
129

A

3 OLpvsLy MLy vsLhy

Log2th &

Log?2 ratio

1 2 3 4 5 6 7 8 9

W R R AR
Genes in glycolytic pathway

10

[] B S E =AY 22 S B ) X 26 2 S i K]
P10 L, Ly R Ly ZATE LRI RER AR AR
VR M T L Ly A 2 DR A
Fak 4 DR R IR AR BEH R GA T 8 % 22
S IRSRIA R RE DA SROME — B TR T 4 8 ( fruc-
tose-bisphosphate aldolase ) F1 Z, i Jlit & i ( aldehyde
dehydrogenase) , T ¥ 3 ik (1Y) K& [F A i %5 4 I il
(glucokinase ) |3 - iR H Vi I i U655, 177 Ly 76
IR R LR R R R A . X ATREEH T Ly
LMTEM e R R Ly BRI R AR IR 45
—E MR ERAR B 4 R RE R (&1 3) .

Glucose
D

HIEHE-6-BERR
Glucose-6-phosphate

{ STBH-6-BR ]

Fructose-6-phosphate

| ®

SFBE-1,6-BERR
Fructose sugar-1, 6-phosphoric acid

HMER-3-BERR
Glyceric acid-3-phosphate

" BRI A TR

Phosphoenolpyruvate

R . s ‘ AR
—
Pyruvic acid Lactic acid

A NERERIRAR Ao N B R IK 22 53 B 22 S N 7RI R A P 20 A1
A The differentially genes expression in glycolytic pathway; B: The distribution of differential genes in glycolytic pathway.

1 FZ S Glucokinase; 2 HH 254 -6 R 7 MM Glucose-6-phosphate isomerase; 3 : FHi—1,6- "B Fructose-1,6-bisphosphate
aldolase (FBA) ; 4. bli— " BSMRIESHE Fructose-bisphosphate aldolase; 5:3—T& HYMEE N S Glyceraldehyde 3-phosphate dehydrogenase ;
6 B 1 T U R L i Phosphoglycerate kinase; 7 WEER H v AR A il Phosphoglycerate mutase ; 8 . il 153 AT ) R K 4 Tt
Phosphopyruvate hydratase; 9: PUEHERIEG Pyruvate kinase; 10 FLERME Z %4285 L-lactate dehydrogenase;

11 ZBE5HEE A RS Acetate-CoA ligase; 125/l Aldehyde dehydrogenase (NAD+)

3 Ly LyEXF L, EBREEERRETL
Fig.3 Expression profiling of genes in glycolytic pathway of L yand Ly vs L,

M ZFRIRTEIR (tricarboxylic acid cycle, TCA) 2k
B, Ly X T L, A 3K EEE, 4 DR R
RETIH(E 4), BT R HACH M,
SEPEPIRAS , HLZ0 % 0 At ik PR R 5k e e A2 Ak
AR L Ly A A AR FE B e %, 1T Ly AH
YT L, A 11 AR RS ERE, Hf J
PRI R 3t U 5 A A B 443 B BB 4y Tag ik i I
A AR A2 HRIA (K 4) . XERY TCA 7§
P g ) BEITE Ly PRy RGAMRT L, MLy . TCA

SELORLA T RE A Y 3 2EE B Ly A RO
REAIR, 5 HOAN R AR BRI A BRI AT

NIV R A 75 T, Ly AH be B0 B 28 U g ik
BR, T BR R ZHOE N ARk BRIt CoA &
AL (fatty acyl-CoA oxidase ) | JE i Bt CoA Ji & i
(fatty acyl-CoA dehydrogenase) \3-F2FE]g i CoA
i U ( 3-hydroxyacyl-CoA dehydrogenase ) 55, M7
Ly 1 AUIRITE CoA S ALEE i FIk HApR RZH
LR T M RIL (E 5) .
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R
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A TCA EH R o3 BE A 1R 35 25 57 B . 25 5 BRI AE TCA FF I 4347

A: The differentially genes expression in TCA cycle; B: The distribution of differential genes in TCA cycle.

1 BRI B IR R AL Phosphoenolpyruvate carboxykinase; 2 : P9 FRER i EU & 451K E2 Pyruvate dehydrogenase complex E2 component
3. INEAFR I U8 2 & 1R E1 Pyruvate dehydrogenase complex E1 component; 4: &8¢ Bt U Dihydrolipoamide dehydrogenase;
5. AR R (L Pyruvate carboxylase; 6372 A Malate dehydrogenase; 7. #7156 R A Citrate synthase;
8. SL R Aconitase; 9. BEFAMRM S Succinate dehydrogenase; 10 SAEIRME M Isocitrate dehydrogenase ;
11 BEFAME-CoA A HilfF Succinyl-CoA synthetase; 12— — AR S(Ef a-ketoglutarate dehydrogenase.,
B4 L,.L,#83xFL, TCA BHREREREEN

Fig.4 Expression profiling of genes in TCA cycle of L; and Ly vs L
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Genes in fatty acid metabolism

REWiER

B
Z.Bk-CoA
Acetyl-CoA

JEBE-CoA

Acyl-CoA

J#BE-CoA
Enoyl-CoA

BiflEBE-CoA
Ketoacyl-CoA
2 HEEE-CoA
Hydroxyacyl-CoA

AR R AT rv B 43 PR 1) 3K 2 57 5 B 2 2 57 ik DR 7 i iy I A3 i+ 149 43+
A; The differentially genes expression in fatty acid metabolism; B: The distribution of differential genes in the pathway of fatty acid metabolism.
1 KAERG TR —CoA & HE T Long chain fatty acid-CoA ligase; 2. JEWTEE CoA AL [ Fattyacyl-CoA oxidase; 3. 1B EE CoA i & it Fatty
acyl-CoA dehydrogenase; 4. 38 F1FR M ZH§ Succinate dehydrogenase; 5. ANEFINENTBE CoA 7K i Unsaturated acyl-CoA hydratase;
6.:3-F NG T CoA Nt & il 3-hydroxyacyl-CoA dehydrogenase ; 7 < 3— E Big 5 EE A it il 3-ketoacyl-CoA thiolase;

8. T LIRS A A Dodecenoyl-CoA isomerase; 9 ZMEFTF A WEILFE AL
Acetyl-CoA C-acetyltransferase; 10 T A Alcohol dehydrogenase .,
5 Ly.L,#83xF L, BEHBRKHEERILT

Fig.5 Expression profiling of genes in fatty acid metabolism of L; and Ly vs L,

3 W54t

AWFFEF HXF T L, W5, Ly JE P Rk A5
G ER T Ly KEFGEH T IHES, Ly LR
(PR A o T AR R BOIRAS R R AN BB
(RN 52 3 VR AZ 0 U5 5 T, MR PR 3Rk A8

FE,Ly BEIEF C. elegans 1) daver B, T Ly B
FEE— D IEAE R AR RS X T €. elegans T L
ARy daver f i B2 (Jones et al.,2001; Wang &
Kim,2003) .,

ANTe) 3 B 5E AL 2 drb 2 i A= K SR DGR
SRA N R IR O B A 1 R R A e SR LU
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o bR A 1 S PR D) £ e (K BT i IR S A 4 7
RS AN BT 52 ) f0 4 o 55 5 T, 7E Ly # Ly
FIRERY o IR SRA PRI 2] T FMRFamide
P RRAHDCHE 15 7E Ly e 22 385 s A o i 39 1
A U 5 0 LU AL SR A IDE IR S-FE RS Tl
SEFE Ly RS IR ERIE, S5 YS Kikuchi et al.
(2007) 383 EST BF5¢ % BB 9 iR 2 HURe 53 19 i
FOARFESFARFEAR B, Hrb MM 2 dirb iy FMR-
Famide #1Z JIKAH G 3L S C. elegans 11 flp-
16 FEH R YR, flp-16 FEHFE C. elegans T2 5 il
MR AL IR S A L7 4% 3 (Rogers et al.,2001) , UL
BEINTEARPT 2 L Ly v K3k, mT e LM i
TR OC, X 5 Ly A 2 R R A koA
TGS RIALT . BIEH K S-F4FEBEAE C. elegans
dauver A FIHRE, 5 N IRSIMNEA B
WY ) HE A % (Liu et al.,2004; McElwee et
al.,2004) , S35, M ER P450 sk & YA
it/ 40 I | UDP — ] %6 Bl I8 R A A2 Rl 2 R 7 C.
elegans "t 245 25 L 10 /E F ( McElwee et al.,
2004) , X SEIE R TERABF 2 L Ly P TR RE bl 2R 0K
Ui B B DA Ly A BRDIR A 00 2 45 vp ml B B2 22
YER . £ BATIR AR 2 th 9 HiORY A i) vy A ik
K5 C. elegans daver HASHA AL Z AL, i — 4k
BTSSP N U T S RS G

TEMMER R Ly R E R A R, F
PRI 0 R — SR AR BRI | axX S A R 37 14
BT G HE B Z K (G protein-coupled recep-
tor, GPCR) ZJi% ; M 1E C. elegans daver U5 2 -
T A PR A DL 3K B R AZ A ((Jones et al., 2001
Wang & Kim,2003) , X RBIVENIEY) A7 AL e, f
ISR L]\r5 HH G C. elegans dauer ASTEAL
PR T HAFAEZE S . Kim et al.(2009) #5507
2 MBS G 8 BB AK (srbe-64 H srbe-66)
FARE Y SRAZAATE daver 175305 R AFAER) 5 A4F T A
REIE R & A, NMTIEIZZ K2 5 C. elegans
Xt daver {5 EZK (C6,C7.C9) BN, 3k 3 W] 1 /e
TS TRMNERET , A, RS2 IR R
A HA B 8] 5 25 (1] 22 59 4 ( Bargmann , 2006; Chen
et al.,2005; Thomas et al.,2005,2008) . i &
) 6 MMLIRAZ PRI 1,2 A8 T srsx KK ((srsx-
29 srsx-30) , 3 M@ T str K (str-19 , str-89 | str-
93),1 NMET odr K (odr-10) , XEEFE R T

odr-10 B{UERTE C. elegans H1)B5Z X 1k ( Sengupta
et al.,1996) A, Ho ALK 1 BAA T RE 1 AN TG AE . TR
FAbF 2 RO SEFE R RT RE 55 Ly X AP AL = E 5 1Y
JEEZAROG , AT BRI TAEUESS TAAd 2t Ly
R A R Ly B Ly AR DU Ly 515
SENLR AL Y BEA KA I ) AU R 55 i
TER 3Z 24k 2= {5 5 M A 7 (Zhao et al., 2013,
2014) o HANPE LR PR A5 e B OB Y A 2
J& T ST 2 Y I AL R AR AP ot A ET R
W EEZRE ML AR S . AT s (R
7= A Y B = I (B-myrcene ) AT LA 28 i
HERA RN (Enda & lkeda, 1983; Ishikawa et al.,
1986; Stamps & Linit,1998) , Burnell & O’Halloran
(2004) i 5% F B, B HL 25 26 1 48 L Heterorhabditis
bacteriophora WAL ISZ 1ETE HA HOR B 2STE il
v 237 A 3 P A2 A A B X 4 T A 35 0
R P AR AT X A e % B R S 4 K ) R
AN, Rz R R MRS IR £ R X
Befb p i PRI FARE et Ly, ke 5 B
FEIB AR SZ A, o FLvE s A KA Itk —
AL R HIGE B (H B A O ML 1R A T
N

FRIAR G HE PR 43 A 6 WY, A BF 46 1 Ly 19 B4
RIAART L, , 5 C. elegans daver HUZS SR
RAYREAKAHFAT ( Houthoofd et al.,2002; O'Riordan &
Burnell, 1989 ; Vanfleteren & De Vreese,1996) , X
& HHBH I | SEIEBERR L ' TCA TB 3N A 7 2k A
AR B 15 PE R 9 T 20 (O’ Riordan & Burnell,
1989) , 8 FI SAGE P A& 8L, HAH = BR1E C. ele-
gans dauer B R FE AL A BE (Holt & Riddle,2003;
Jones et al.,2001; McElwee et al.,2004; Wang &
Kim,2003) , 2Bz s 50T AR F RS I H &
PeAbhE e (R, TEA M L R RS AR T
B AU RO Ly, AE = R E B i R 4y
BT GA , A B A R 3k 4 A A
L Ly LRI T C. elegans dauer HUZS, P
AR S AERF LA i 22 57, BLAR 1 22 301 R TR
AT, J350 PP E L Ly A1 Ly v Ll B B 05
FEH P FRIBE L, 5% FEHTE C. elegans dauer
BRI A — 2, R R E B L0 BB A ]
WA AR J5USN  FE R A AR AE FH (Holt & Riddle,
2003) , AT HE S 5 JC IR F 1Y & BE & 8% ( ethanol
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