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Review of ascarosides. A class of components of nematode pheromones
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Abstract Organisms utilize chemical signals to perceive their external environmental and regulate their behavior and
development. The discovery of ascarosides; a class of small molecular compounds, has been a breakthrough in the study of
nematode pheromones. Ascarosides are structurally and functionally diverse and occur widely in nematodes. They regulate a
variety of behaviors, including mating, diapause, foraging, aggregation, and dispersal. This paper primarily summarizes the

structure, function, biosynthesis, metabolism and signal transmission of ascarosides, thereby providing a reference for future
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research on chemical signal regulation theory, multi-species interactions, and the development of novel targeted drugs.
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fb2#45 H. ( Chemical signal ) H A=k E
RGBSR, RRNBAE AR N s a5
PR REERAE | BEEEA T, B AR PR
Al CAmEEAR L . AR g YR = ) M
JZ W ( Karlson and Liischer, 1959; Nordlund and
Lewis, 1976; Dicke and Sabelis, 1988 ; Leroy et al.,
2011; Smart etal., 2014; Wyatt, 2014; Evenden
and Silk, 2016; Wyatt and Tristram, 2017 ), £k
MR —RETHEMEY), RS ARG s
EEMAL, HRSAMT, Ll A+ g

Pt A EF, AWM ReEA K
ik, B AR A AT R R B A S Ak £
WAL 247 2 45 ( Huettel , 19865 Perry, 1996 ).
1 ( Ascarosides ) JE28 H Fh— 2R E B (W {L 2417
KL, “ascarosides” —Inl i A & 7E oA A A o] e rp
RILH)—Fh A BE 25 5 ( Flury, 1912 ), 1982
4, BH#EZ Golden I Riddle B YKTETS M BakT-£&
11 Caenorhabditis elegans H1iIF 52 T 5 $ £ /K

( Dauver ) A 11L2:15% ( Golden and
Riddle, 1982), #ATIXFE 500 DI fL -7 4514
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LAEEZ 5 20 Z24F BURSR R . B 2005 4F,
Jeong S5 IRAE 5 il Bk 2 d b SR BOT 4tk 17
eSS SR F MWW, K Haah
Daumone ( Jeong et al., 2005 ), Hi# A5 NI
AT — " EH B B o AR SC T2 W i A2
a5k £ Tine . A SR G SR
AT R R AT T 2R, A EC) A5
AR L BIFFE S T R A: A AT TR

1 mRHMES S

i, ( Ascarosides ) f&H1 3,6- XU 5 -L-H &%
W 2 K 25 S 1 i D0 TR A 1T 2 P — 26/
SFFAEY . MG, AT LR e oy
PRZECE 1): (1) (o-1)-HIE [(w-1)-ascarosides],
B b 3% B A B D R O £ B RIS 2 4> €
(0-1); (2) (0)-4HK [(w)-ascarosides], R
HAAERR TR MR 5 —4 C (o) bo TEIL

FEfih b, AR SN T RR R A TS, |
FRILIME, (Indole carboxy, icas ). F7 &I kL Am
# ( Hydroxybenzoyl, hbas ), 2-H F&-2- T Jf J&
. ( 2-methyl-2-butenoyl, mbas ) %5, JE K T 4544
ZFE AT R

FRT, WA 3 Fhan 42 772K (1) Wy ar
Z% R K & B 56 J5 U4 44 ( A ascr#l

348); (2) IHAn4aEL, BIVOCHSE i a i A 1y
MﬂJ%ﬁEBﬁﬁf“ g (4 C3. C5. C6. C7 F
C9 55 ); (3) Zhifyfin 4k, EESEUImAZH

B I PR A B 11 K 3 i 44 ( U asc-oC3 | asc-C6-MK

F1 asc-AC9 %5 X Butcher et al., 2007 ; Ludewig and
Schroeder, 2013 ). Ul ascr#2, B AgEFR M “C6”,
WA LABEFR A “asc-C6-MK”, EATHBHE 1Y) & —
ANt A i A HUHERR - (Methylketone ) 1) 6 Bl
i OL TR\

bhas#2

i3
Methyl
ascri2
S R e
P-aminobenzoate
ascr#8
B-AIEE
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R4 O

HN
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2-F 3 2 Tl
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Wl 0o
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osas#3
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HN
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TR . icasH9
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E1 mREMREER
Fig. 1 Structure and functional groups of ascarosides

o: WUHERAENRIT R 5 —1> C by o-1: WRHEHAE AR I RO 5E 1Y

ke

240 C By A A FIRR G

®: Ascarylose is attached to the last C of the fatty acid side chain; w-1: Ascarylose is attached to
the penultimate C of the fatty acid side chain; A: Unsaturated carbon bonds.
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HE M aser#l ZELISK , 2405 AT BA
XA AT T IR ARG o K280k IR il
IR (0-1) EHEAR [(o-1)-functionalization],
Butcher &% (2007 ) {5 i 1 R A3 0L 1) o3 B 4 K

( Activity-guided fractionation approaches ) M\75
TN BT B 43 85 1 T 53 AP AP ek, K oy
£ °h ascr#2 Fll ascr#3 . Ascr#l. 2. 3 XU 42 i
BRI A HEA — 2, H5 40 22 5 32 R A D
B ERYBRIE T, aser#l & 7 DEKAYMIGE, ascr#2
MEE S 6 BT, T ascr#3 & 9 ANk AR Al
fll%% ., Pungaliya 4§ (2009) FIf T —4e%mt
$71% (2D NMR spectroscopy, DANS ), BEMZIE =
0 44 W R 254 AR BTSN PR AT AR L (N2)
FE S B FERAR R daf-22 HEAT s, & PRET A AU
75 MR AT AT = A e 2 FlOBTI T : ascr#6.1
Fl ascr#7, HAWEE 3 HISAH 6 NF 7 AR
H AT AE/NTRE Rhabditidae (9 JLRPEE s A & 2R
T (0)i#E A [(0)-functionalization] A4 M H, ( 40
oscr#9 . oscr#10) (Choe etal., 2012b) (& 1),

XoF WA R 7 R A% 4B M, 72 A T 200 4
a5 Z AT A=) (Reuss etal., 2012,
2017 ). MIREIM AR (Tcas ) JEHFFEHZ 1) — 2500
HATAEY, XG5 he-3-
BRI (U icas#l, 3. 7. 94 ), Humphny 4/
{7 EAH%E (Park etal., 2019), AW HE S
SRS T A m R, a4l
icas#9 ( Butcher et al., 2009 ). i i # #E P
HSQC . HSBC i Lt %o HiF A= 76 55 i A4 L (N2 )
M S a2 1R daf-22 fCIER I, A3 N2
R & A K 4 C BRI A4,
HAFZ K icas#3, 5 ascr#3 HAMEIH 9 i A
FiE%E ( Pungaliya et al., 2009 ), [AlFE, —LLdf
RATEY B SEEHEERER, flanimiE 4 C
AR EREE (U0 hbas#3 ) A1 2-F BRe-2- T4 3

(i mbas#3). WikE 2' C L B-#AHE (40
ascr#4 ). BRIFERMIEE 11 C LA B-AZ&HE (W
glas#10 ) "FIXFEF A H R IEL (40 ascr#8 ) 5%

( Bartley etal., 1996; Edison, 2009 ; Pugaliya
etal., 2009; Von Reussetal., 2012 ),

1o BE AR AR S PP ER AT LU AR I, 4
ascr#t9 B\ H7E B B A AR 2k HURN L HUBE AR £
Feh+205F (Choe et al., 2012b). F iz
TR A 5 2R 2 RUR B ) A A 4k R 2 8505
AT LA A AP S P A DL b A e, E U i R
0| AL AR LU BIRE R . BB B AE
I 7 2R AT A 22 5+ ( Choe et al., 2012a, 2012b;
Kaplan et al., 2012; Noguez et al., 2012;
Manosalva et al., 2015 ). M B 2 &
Bursaphelenchus xylophilus K H i ¢ Ruias b1 2%
11 Bursaphelenchus mucronatus F1#8#&: T 5
P R 2 EC R 43, 045 aser# N asc-C5 ) ascr#12
(asc-C6 ), asc-AC6 . ascr#l (asc-C7 ) il ascr#10
(asc-C9 ), [HEWMMZ B ascr#9 : ascr#l2 H
16 = 1, MH3IFAA 2R Hi b ascr#9 : ascr#l2 S 60 : 1
(Meng etal., 2020 ), [FEF, 54 HAIAAF L H
FHE, BRI B A 1 JE B I asc-C3
1 ascr#7 (asc-AC7 ) F B &, 1 4% i #
ascr#10 (asc-C9) & AL (FhAOREE, 2021 ),

AR BRI S5, 42 1 A 1 i e
X R GEBAZER . SEEYEZZNT
{149 S e [ A 55 T BT 48 L 25 L B 8 R B 7 R
T ascr#3 (Kaplanetal., 2011), 7F & ikEk
S, thEER RS B R S i
B R E, HER o i o et S A R
FAR AL AR AL, 3 PARER T 0 7 1D % PR3 7 e
LEMIFNTNRERY R G ( Zhang et al., 2015; Zhou
etal., 2018; fEJ57>%, 2020),

2 HORAIThEE

AN TR i 7 1 o e 2 T3 i A ) 9 D) o
o AT LA B B P (] 90 Y 4 L B AT R RN AR PR TR
3] ( Von Reuss et al., 2012; Ludewig and
Schroeder, 2013 ), WIRAIIEEZ AL, HRA
WITERE 15 T A EAE S . BT, Sl
AR e FE . TR MR AR T . H
170, PR HLLL A B A A5

W BB Y D BRI AT 5 2k U B A OG
RELUE SRS R B IR 2/ B 75
FRAFL B K AT B b B, A RN
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X2 | PRI IG 1 R A B A T AR AR
P ( Fielenbach and Antebi, 2008 ), XIHFaE4:4)
WA K R A R T o T PR AT R
Z JRIE 185 VK RN 22 Fo o 1005 5 285 DDA OC .
Gallo #I Riddle (2009 ) % B ascr#l &/ T2 H
A ZIRBr B AL G AL, aser#S AT LA
S5EWER ascr#2 Fl ascr#3 IL[REF L /R4H
fIIE % ( Butcher et al., 2008 ). J&ImF5E & 8L
ascr#d , ascr#6.1, ascr#8 Fll icas#9 W& 5 T £/K
4 B AYTE B ( Srinivasan et al., 2008; Butcher
etal., 2009; Pungaliyaetal., 2009 ), KZHF
e R A — DR Z IR R G B B o iX — B
BOTE B HURN Bl ) 2 A 4 b BB Ry R e I 4 ol

(Infective juvenile, 1J) m/BYe] Ly (ils ).
o] R L LB P A B R, R IR A e e i T
BORTET 294 (K 2), RGBSR AT ik
H Y L3 #4) 8 (Edison, 2009 ),

5155 284 M vk AR R, R 2 4
TTE V8478 £ HUA T 2R R0 A B Bl ik DA AR 14 vk
Femtomolar ¥, Picomolar #/EH, WnFR PR |
PR B 2C I o WK AT 76 W R B/ NREARZE R Ah R
P 2E T RAE R, BN Y 3 E AL
5o SRR AT X e (E BRBUN L W5 B HE R &
P, DT I i ) ZE58 ( 1zrayelit et al., 2012 ),
AR [) A 2 ke WG 75 e P 28 P, 3 2l e e D
AU A WL AT A 1D R A £ e X, 1575 R ascr )
SERL. IR RY ascr#2 . ascr#3 Fil ascr#d IR & W)
Al DLW A & ¥4, 7 pmol/L ¥R BE T X
28 i e A FU RS 5| ( Simon and Sterberg, 2002 ;
Srinivasan et al., 2012 ), kL dumg 5| ik
[v] 44 2 Ly s o o] 1 S B o 3 ol s e g
icas#1 . icas#3 il icas#9 #BAE I XiF W I [F] /A 26
PG, Hfr, icas#3 Al icas#9 7 100 fmol/L
T BT R M A TR A £ A B 5 0 T 51 AR

( Srinivasan et al., 2012 ),

W AT R4 5 T a2 2 ) B N
B o MEE R ARZE o r 5 B R LA o, B-ANHR ]
W aser#3 T, THIAN ascr#t 10 76 MM K&
W (Izrayelitetal., 2012), HEPESFUAT) ascr#10
FIE AT 2B/ M e (] 1A £ A 8 2 B ) A 1) B O

BIF (FAEIESRH | ORI A FE
DEFERAME IS ) HERUIG LR ( Aprision
etal., 2022),

R
o/K(CHz).I/K

1:n=27, R=OH
2:n=29, R=0OH
3:n=25, R=H
4:n=25, R=H

(CHZ),J)\O
5 -\‘:=27 m/
H 6:1=29 O ¢ o

OH

HO

H
B2 ZEims Ay st 454a (Bartley etal., 1996)

Fig. 2 Structures of long-chain ascarosides from
the parasitic nematode Ascaris suum
(Bartley et al., 1996)

B i %344k i Seinernema carpocapsae #il
Heterorhabditis megidis 1J ]34 (Y ascr#l .
ascr#9 . ascr#ll. ascr#12 Fll ascr#l4 & E W3 I
Tt H Us 75 H 5 R HA R duay A= 4k 7 i AR
TR U b HoE AR I S K, e
AR MR UL REY L (Hartley etal., 2019 ),

FEL 53 FAEY B AR, W aCREAE A By
SIS YAV G H . Ascr#18 SEAHY) AT
A 2 v — B AR R S R R, (IR R Y
ascr#18 RIS FHIRIIT . Hl . DR E LK
SR AR A R R B AR SO, DT SERAF 0 XoF
WTE . FLE . TR . B PR AN S R AR M
P S (Manosalva et al., 2015; Klessigetal.,
2019 ).

A PR B M AR R B R ik AR RN
Az AR W Ta) A BAE o P S B R B i R e 2
o | FE A o 2 [ AH W 5 | %) S22 o, e e 2
() LA S A2 i I 7 A ey A e ik i A A )
205, 2020 ), [FIMS, M ECAERABA £ HUAY A AR T
S SIBREASTA] AR BE ascrito REMSAE HEH E Rk R 1)
FIH, i SE ERR AR A9 %E5E ( Zhao et al., 2020 ),
XA R A2 A5 - PR 1 B P 934 ( Pheromone-
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regulative reproductive plasticity, PRRP ) fH#A£4
R TE AR R T S il N SR, , B
BOSR A FEY IR A B BE T o AR, aser#9 .
ascr#12 Fll asc-AC6 7E 25 °CEA4 T RE KM
FARA 2 B B35, DATIT )48 e e 6P I 3
HEABEIRIRS (K&, 2019 ), HATKTE AR
P A 2 5 A B AU A 4 e 1y 5 e bt
RAFEAE LR o SUPA A S HUAT DLAE A 4
(ascr#9 Fl ascr#12) fEUEAMIA L HLAY B Ko M
HARKHR, Ml A SR, ML R TE 4
B SR UL A, BB H T (Meng et al.,
2020 ). AR, BEAFASR R A Al DL AR i
T (ascr#l . ascr#7. ascr#3 Fl ascr#10 ), XL
HAEA ] LISE R A SR R ARl . HF2: Lin &l
S imE (ascr#9 F1 asc-AC6 ) fiE FEHN 25 K41k
U, WP A 55 K A B ™ A BR TR O TR (2 8
L %78y Ly dy, [R50 ascr#10 W5
Ly Rk AR SR A RAE, 1 B H S8 A& #E
24 (Zhao etal., 2016 ), 3X—H7 & IR AR
TEZ YA HAE I PR TERE T 5 . itk
Hh, ME P Sk R B YR IR A 1A FLE L hE
i J%AZ I o IR 5 o AT DR RA B 4
) o B A 4 ff 4 H OB Leptographium  pini-
densiflorae (‘ascr#9 Fil asc-AC6 ) F1 Sporothrix sp.
1 (asc-AC6 il ascr#10 ) W2ERK, & KEMH
AR R A HE P L. pini-densiflorae )
ZARTE, SEINT A M EE 38 o A R A AL R ]
REPE, fEdk 1 FaAr 2 d -4 B8 R AR A AT
AT SRR IRAT RS (Zhao etal., 2018),

3 WRBEHERHE

il AR W A — O B AT

1 AR U RME B RTE 1982 4 iR
KFXEMEBZREET LR EN P ie— B A7
TE. 1M Golden Fl Riddle 7£ 1985 4= X Srinivasan
S5 NAE 2008 AEAGMTFTUERA , i A 55 4 ™ A=
( Golden and Riddle, 1985; Srinivasan et al., 2008 ;
Olson et al., 2012 ), W FEES K72
i (Butcher et al., 2009 ), Z&uuiid { S kM)
B MR 7 S BE R AF R gy 1 W o R i

(Izrayelit et al., 2012; Srinivasan etal., 2012 ),
W 2R W R S A i R AR AR B-
AAeny I B M 5% ( Short-chain fatty acid,
SCFA ) #4531l o mmp - (i 58 A% FHE A
() &4y, It UDP-UGT ( JRIT - BifR-H %4
WHIE TR S AL I ) (K, 7™ Az iU HLAG T R )
55 (Joo et al., 2009 ), HHIHFFEHE, &
HoEAGWR THEARKIEWHRMEE ( Very
long-chain fatty acid, VLCFA ) M T4, SR)5
i A AR ) B ARTE AT T 1 1)
A5 (Zagoriy et al., 2010; Izrayelit et al.,
2013 ) fEAN[FZ B AR A B T AR BE (29-33
> C) Wi (Jezyk and Fairbairn, 1967; Bartley
etal., 1996; Zagoriy etal., 2010), i E LY
& B-E AL RG] LB i s E T i T ( Zhang
etal., 2015), . KEEWITR S S ALY
B-A LB A2 iR AL (Butcher etal., 2009;
Von Reuss et al., 2012; Izrayelitetal., 2013; /&
B, 2020 ), KA MIEEm R p-EH ik 4
FREGRYE, SE I AEE A S LR ACOX.
WEBEHEE A JKEE MAOC-1, (3R)-FRILHE A
Jii S DHS-28 I 3-FBEIL40E A B f il
DAF-22 ( Butcher et al., 2007 ), B-AfbEEH—
UK, N0 TR 0 B /D T Bl S ALK ACOXs
TV 1 1) 5 5 S DR — SR AR AL o T B 2 ] Y B
ARG, JKf#EE MAOC-1 fiEfb XU HeAk, I
SN DHS-28 fiifk B-F2 bt 5-COA it p-f
$-CO, HAAERMNF DAF-22 fEH T 58—k
-4 ALTEH (Reuss etal., 2012) (& 2), ACOXs
St E ALY R B-AE A B EE — Al A R A,
BHIEYE S5t (Joo et al., 2010; Von Reuss et al.,
2012; Zhang et al., 2015), FHuiEafre iz
A 7 ACOX A ( cel-acox-1.1 #I| cel-acox-
1.6, cel-acox-3), ACOX-1.1 [AJ5 — B4 1y &
PIRYEEA 9 4 C BCE K 4% G i i
ACOX-1.1/ACOX-3 5l BRI R M) 2
BAT 74 C S A% i ; ACOX-1.2 [A]JA
TREMEEEA/NT 5 A C MIEER (o)-10E
(Zhang etal., 2015, 2018) . fEFAERRA R, 2
FER A AR miR-31-5p (—FF miRNA )
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R=CHyH | — C)?\ B-oxidation Cj |
——————————————————————————— ! DAF-22
___________________________ > H, OH ! !
| |

(w)(o—1)
ASCR

R=CH,; I
--------------------------- VBB B ACS- TR
Lysosome-associated organelles ACS-7 gene
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| / RANGENY |
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— |
! ~A 2-WE-2- T2k PR . o
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I a8 mbas#3 Octopamine |
! p-HEME o MR hbas# ol !
! succiny!
| B-glucose Indol carboxy osast3 |
! ascri4 icas# |
| |

E3 tRERRREHTRE
Fig. 3 Theascr pheromone biosynthetic and metabolic pathway
Fatty acid: JEJifiR; VLCFA: KBENGWIER; CYP450: 442 P450; (0)/(w-1)-oxygenation: (m)(w-1)% 4k ;
NDP-ascarylose: 1% NDP-II##; VLCAs: KEEMI; ASCR: M HA MMM ;
Mfe2: iR Z DIRERE, R AT MAOC-1 Fl DHS-28 PN D BE .
VLCFA: Very long-chain fatty acids; CYP450: Cytochrome P450; (0)/(®-1)-oxygenation; NDP-ascarylose: Activated state

NDP ascarose; VLCAs: Very long-chain ascrs; ASCR: Mature and active ascariside; Mfe2: Peroxisomal multifunctional
enzyme that performs the functions of both MAOC-1 and DHS-28 enzymes.

W FEE ACOX-1 4 e A 1 R I % £2 1k H T, s Y& BUs R A 1VF 22 R
ascr#10 (asc-C9 ) /=4 ( Zhangetal., 2020 ). Bl BB, B e A g ke A AT A
A BER A1) Mfe2 & —FiNTIRERE, FRHUTT  EREEIMLRE, D, KEERR IR (0-1)-
MAOC-1 1 DHS-28 [3hae (HI/MEZE, 2018 ), ()17 BB —FI R A B 40 (B 2R P450 FE5EAL
FEECRR . g . NSRS LI T X ARE BREMER K EEARIIR 5 B S NDP-MIARHE 1

fit (Qinetal., 1997, 2000; Pierce etal. , 2010),  JEHL T KAEMI R FT/4 ( Butcher, 2017 ) . {H NDP-
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Wk I AR A R AR M ANTE 2 . ANFERERT (n
BERT . Z AR . M2t BT AR AT IR AE ) X M e
I WL T W AT A= 0 ) ZAEE o S BEACAH DG 20
MIASAEMBE 407 B B 2o E 2 N T
PR VA AF DG 2 L #45 () TBE S i A 5 1 ACS-7 &
ascr#9 Wi 4' 57 EAEMHIE 1K icas#9 Fl osas#9 [ ¢
HILP] (Pandaetal., 2017) (K 2) .

— el AR P A AR U AR RS B R
ascr#18 ] LI A ) 18 ol A 3t oA e B K (4
ascr#l Fl aser#t9 55 ), VENL(E S5 AT Y
e AR AR, B 5R AT 6 H e e TR ST
73 (Murli et al., 2020 ), S HFH TSP,
T ascr#18 AR 238 1o o S AL W A B-
AT . ACOXs ikt A AL Y mEA B-
SEATEIR SR — 2 . ZERURE T, ACX1 Fll ACX5
257 ascr#18 AR

ALY A B- A TE SAE Y s BE DR ST
TEMI A G S A h & 4558 BRI o X
A S R B 5T A B T U8 A S8 i 7
IIRE, MBI R E PGt 2%

4 WRMIESEE

2 2Ll AL TR AR S S, A
LW & B 17N (Ludewig and Schroeder,
2013 ). FANBRATLE AL A 4t T K2 G 3|
FREEZ & (GPCRs ), KREZHUAS EEAE
B 2o 235 ( Bargmann, 2006 ), 28 H F %
i3k ERY ADF, ASG. ASK. ASI., ASJ fil ADL
B A R 2y w1 T N 2 ve o T
Fik—FhEi Z R GPCRs A4k du i wk it 7
A, 5 TGF-B. insulin/IGF-1 FlIfL & 2R SR
E AR, L R E B MR FT

P28 7C K GPCRs [ ZHE 2 FUAS [R) 4 B
HE AR G A Z A SRBC-64 FI
SRBC-66 7£ ASK #ZotH ik, 5 ascr#l-3 24
A, BRRM o s B Rk, R i 2 RIE
A (Kim et al., 2009 ), G & 1 1HEBEZ K SRG-36
Ml SRG-37 f& ascr#S [WHESFHEZIK, FERZIT
ASI & £ /R (55 (McGrath etal., 2011 ), G

I AZ /& DAF-37 Fll DAF-38 A LUJE Al 57 U5
TR R i R B 2 ascr#2 .ascr#3 Fl ascr#s )
(Park et al., 2012), DAF-37 1£ ASI #i & cHh
FIRHE ascr#2 TR ZIRIE, 78 ASK #1£8
TR IR AYE AT N (Park etal., 2012 ),

LR RAE | HER . BRI A AT i
7 SR BEAS [F] P 28 e B B P R) R FEAE
ng[EBE R (A0 icas#l . icas#3 M icas#9 ) iESFM
RETNTE ASK LI T AIA #h 2T
25 (Srinivasan et al., 2012 ), W2 AL A 1
FE IR B A 2 M B 2R H AT o B R L 2 AR
SRX-44 7 ADL B} ASJ #iZICrRFRIBRE T
icas#9 Xf 2k R AT MBI e FE a4l ( Greene
etal., 2016 ), MAh, ascr#l0 Fll ascr#3 S5 T
2R S PESTRN o Ascr#3 7E MEE R AR ZE doh &
R, A ascr#3 AN EEAKIH T cGMP [ 1%
B A AST, AWB , AWC #ZTCRY G 1 5 ascr#10
TEREMELR b S 5, X ascr#10 B [y 75 2
ADL #ZtH TRPV Al ASI #£0 daf-7
{55 ( Aprison and Ruvinsky, 2017 ), W¢fL/E %
B ascr#3 1 MEME RV IAZE dUik A U, 3R
B X ascr#3 B 4 [RLEEVE T, B sy 1
KAMEICAZ . #125T ADL F1 SMB [] 58 fil 5 43235
P Y o AR 2k X aser#3 {012 1Y %

( Myeongjin et al., 2017 ),

TGF-B fl insulin/IGF-1 3@} 25 TR i F
HARZIRMNIE N EEY AR . W55
FERNMFMUT, AEFESS GPCRs 454, fash
SRR ISR, Kooy GTP #4k
9 ¢cGMP, cGMP-| |45 & i i ( cGMP-gated ion
channel ) 77, 4iffi = ib5]% Ca* il Na™ ]
Tio ALEEMZE I/ Insulin A1 TGE-p {55431
Ja AR RS S, Rl daf-9 Eik e
% DA ( Dafachronic acid) BAY& . DA
5 DAF-12 255 R i R BHH . fEEYE= .
G B R =AM, AR cGMP
04 Insulin F1 TGF- {55 4> F 7otk , daf-9 JE[A
NFEIE, ToEA B DA, DAF-12 547#]F DIN-1/
CoR 454, (Rt & & Z/RIWIE i Fielenbach
and Antebi, 2008 ) ([&] 4), It4), DAF-37 &5
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Fig. 4 Thesignaling process of ascarosides (modified from Fielenbach and Antebi, 2008)
GPCRs: G M BEEZ K ; G-protenins: G #5FH; cGMP-gated ion channel: cGMP | ]#% 5 Fil i ;
Guanyly cyclase: S RFLAEF (ZBHR#E Fielenbach and Antebi, 2008 JRIEEFHLLHF ).

GPCRs: G protein-coupled receptors; G-protenins; cGMP-gated ion channel: Cyclic guanosine (The drawing is redrawn from
the original Fielenbach and Antebi, 2008) monophosphate-gated ion channel; Guanyly cyclase.

i Caser#2 ) A 1Y 45 A 1E K B2 ( Aser-
mediated increases of lifespan, AMILS ) ( Ludewig
etal., 2013 ), AMILS 54 Z/KIE Y insulin/
IGF-1 i AR, EERAT sirtuins SIR-2.1 #)
F O IR, AT LATEAS AR B ) R B B R A LAl

IR AU TR i
AR5 FT ATE S Y o B L, 51 %k 9
A ERIAT N AL o AL AR AT LR R
WA B, I RFITR (JA) FUKIR
(SA) {5 T, FKk H 5 BB N AR
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JF &% ( Manosalva et al., 2015 ). Ascr#18 &b
PRI IT I , SR AR A KAz B A= 9 BRI 17 38
BRIFHEEL (LOX2. AOS. PDF1.2 il PR1)
B3 FiH (Ningetal., 2020 ), ZEFMRAKIZGIR
3 I I AR S A e s R AR
YRS R PR T T RE

P T L, A e SRR ) T A B AR R
A Ik 22 R 2 o0 S AE S g R R . AR,
HAE S 75 s S Gk Bk A it — 25
ifF5E

5 REE5RE

I R R — 2R H EZ /N TE S P,
PR e S S A R BT . A AR — R
A ascr#tl A BLLAK , BRI AT 1)z iR
ABIWTFE (1), {HE H At e 5 A 17
2 [A) R R R A

B, W E G, U DB R 32 356
0, A REMRARFLH. T LC-MS/MS
FIAZRE LR LA AR 424 1 2 Ji2 ARk T 5 el
() & B AR IR NI 25 B R AR &=
WA, 5 BRI 2 B RE X i A 7 58 2
HI S RAE o X —E FE T T BHAS 1 i BT 5% 43k
(& o HOR, A& BGOSR IR LA St
BEMARTERE P AR ER MIAE ( VLCFAs)
FIE A NDP-HDHE anfey A= i, i T A 4 v
TS WA N4 . e, 2 e A Bk A 9
SEOVREMANTERE AR WA U A 5T RN AZ 44
PO BY T B A i BRI g . Wi 5 5
i is % R LH oy E 2, BT —4
MR o

25 MR B SR T AR ARG T P AR
P MR T A A A BY T T e shia g
A AL IS A R A AR, & SR
B B P B AR R AE PSR o 151 g ST T

% 1 ascarosides Z&#I K IBE
Table1l Sructureand function of ascarosides

A HAba A4k ity N RS2 1 ke
Name Other name Chemical structure Receptor Function
ascr#l  ascaroside C7 SRBC-64 BERZ IR, 18R K44k i

asc-C7
OH

ascaroside C6
asc-C6-MK

ascr#2

ascaroside C9/
asc-A\C9

ascr#3

Ho@z 0

ascri#4

: H
HO o

SRBC-66 Dauer inducing activity,
delaying pupation in longhorn
beetle

DAF37 iR/, I

DAE38 o, memliett, #Hartk

SRBC-64 . . .

SRBC-66 Dauer-inducing activity,
regulation of adult behavior,
male attraction, extending life
span

DAF-37  FSERIER, WrlhEtE, &5

DAF-38 gy e i e, 43R K2 1L

SRBC-64 Dauer-inducing activity, male

SRBC-66

attraction, foraging activity,
delaying pupation in longhorn
beetle

BSRZRIENR, WG|
Dauer-inducing activity, male
attraction
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4% 1 (Table 1 continued)

Ark Mt 4k

Name Other name

P2 fy X

Chemical structure

Receptor

ke
Function

ascaroside C3/
asc-oC3

ascr#s

ascr#6.1

ascr#6.2

ascr#7  asc-AC7

ascr#8  asc-AC7-PABA

ascr#9 asc-C5

ascr#10 asc-C9

ascr#12 asc-C6

ascr#l4
ascr#18

ascr#22

(0}

OH

: H
z
HW OH
OH

o—1
O/\

(CH,),
ho %7

=0

OH

10

DAF-37
DAF-38
SRG-36
SRG-37

WREI/RIEM, HblTh
Dauer-inducing activity,
evasion behavior

B2 IR

Dauer inducing activity

FEIR T A= i
Delaying pupation in
longhorn beetle

BRI, WS
Dauer-inducing activity, male
attraction

fie itk KA fLif, Bx/Bm %
BH . MEHUALC | RER, fEiE
PAERRARK

Promoting pupation in
longhorn beetle, Bx/Bm
reproduction, female body
length, dormancy,
promoting the growth of
associated fungi

e B BRI , FEIR IR B
HIER KA, 5] Ly
2t AR AR

Rk pEA LR
Improving egg defects and
reduce embryo mortality,
delaying pupation in
longhorn beetle, attracting
Ly nematodes to the trachea
of longhorn beetle,
promoting the growth of
associated fungi

Bx/Bm Z5H | M B K
PRIR

Bx/Bm reproduction, female
body length, dormancy

75 A IR AED R )

Inducing plants to resist
pathogens
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43R 1 (Table 1 continued)

mpk Hftban ik

Name Other name

e SH AR

Chemical structure

B2 A e
Receptor Function

icas#3 HN_|_ o @#

0 OH

indolecarbox
y ascaroside

C5/
IC-asc-C5

OH
(6]
SRX-44

O/\/\n/
O
icas#9 Ccs/ . Ox 0$\g‘
ascaroside H
AN
NH

RAEAT N, W [ Afe [e] (A
(o) Aggregation,
hermaphrodite attraction

VB 2RI, W | e
R, REST N, L
HIRET A
Dauer-inducing activity,
hermaphrodite attraction,
aggregation, hermaphrodite
attraction, influencing
nematode exploration
behavior

R 75 | g ) A

Hermaphrodite attention

PERETT

Evasion behavior

HEREAT

Evasion behavior

Bx RHE, feikR AL,
A B AR

Bx dormancy, promoting
pupation in longhorn

o o7 o
O~/
hbas#3 OH
HO
0 _OH
mbas#3 0, O /2/
4 OH
w 0
(0)
H
osas#3
e E%
H
H
oscr#9
[0)
oscr#10 OA(CHZ)H)L (o)
o7
oscr#18 H
OH
. (0]
H,C &)J\OH
asc-AC6 3
HO ~
H

beetle, promoting the
growth of native fungi

n: MBE B B8k T4 Number of side chain backbone C atoms.

Yok e wCR AR B R Tk, TIH A
2 AU B AR AT 5 JT R T8 {5 B R A A
PO ieids ), i e W RO E A ROl 22 5 R 5
AT T B A I A . 2R b, mieE
ERMOPTE AT RS, F S w49

MEEE . PR R EA YRR R A
HEEE L,
&%k (References)

Aprison EZ, Ruvinsky I, 2017. Counteracting ascarosides act

through distinct neurons to determine the sexual identity of C.



- 372 - R B H1 244 Chinese Journal of Applied Entomology 60 %

elegans pheromones. Current Biology, 27(17): 2589-2599.

Bargmann CI, 2006. Chemosensation in C. elegans. WormBook:
The online review of C. elegans biology. http://doi.org/10.1895/
wormbook.1.123.1.

Bartley JP, Bennett EA, Darben PA, 1996. Structure of the ascarosides
from Ascaris suum. Journal of Natural Products, 59(10): 921-926.

Butcher RA, Fujita M, Schroeder FC, Clardy J, 2007. Small-molecule
pheromones that control dauer development in Caenorhabditis
elegans. Nature Chemical Biology, 3(7): 420-422.

Butcher RA, Ragains JR, Kim E, Clardy J, 2008. A potent dauer
pheromone component in Caenorhabditis elegans that acts
synergistically with other components. Proceedings of the
National Academy of Sciences of the United Sates of America,
105(38): 14288-14292.

Butcher RA, Ragains JR, Li W, Ruvkun G, Clardy J, Mak HY, 2009.
Biosynthesis of the Caenorhabditis elegans dauer pheromone.
Proceedings of the National Academy of Sciences of the United
Sates of America, 106(6): 1875-1879.

Butcher RA, 2017. Small-molecule pheromones and hormones
controlling nematode development. Nature Chemical Biology,
13(6): 577-586.

Choe A, Chuman T, Von Reuss SH, Dossey AT, Yim JJ, Ajredini R,
Kolawa AA, Kaplan F, Alborn HT, Teal PEA, Schroeder FC,
Sternberg PW, Edison AS, 2012a. Sex-specific mating
pheromones in the nematode Panagrellus redivivus. Proceedings
of the National Academy of Sciences, 109(51): 20949-20954.

Choe A, von Reuss SH, Kogan D, Gasser RB, Platzer EG, Schroeder
FC, Sternberg PW, 2012b. Ascaroside signaling is widely
conserved among nematodes. Current Biology, 22(9): 772-780.

Dicke M, Sabelis MW, 1988. Infochemical terminology: Based on
cost-benefit analysis rather than origin of compounds? Functional
Ecology, 2(2): 131-139.

Du YB, Ning J, Zang C, Zhou J, Huang CY, Fan JT, Zhao LL, 2021.
The difference in expression of developmental pathways and
ascarosides content of Bursaphelenchus xylophilus. Acta
Phytopathologica Sinica, 51(6): 898-911. [#hicit, T, ki,
JEIE, BOR, BEALRE, BXAITE, 2021, FAMLHURE B R
Bl IR MR 22 5. AR, 51(6): 898-911.]

Edison AS, 2009. Caenorhabditis elegans pheromones regulate
multiple complex behaviors. Current Opinion in Neurobiology,
19(4): 378-388.

Evenden ML, Silk PJ, 2016. The influence of Canadian research on
semiochemical-based management of forest insect pests in
Canada. The Canadian Entomologist, 148(S1): S170-S209.

Fielenbach N, Antebi A, 2008. C. elegans dauer formation and the
molecular basis of plasticity. Genes & Development, 22(16):
2149-2165.

Flury, F, 1912. Chemistry and Toxicology of Ascarides. The

American Journal of the Medical Sciences, 114(3): 441.

Gallo M, Riddle DL, 2009. Effects of a Caenorhabditis elegans
dauer pheromone ascaroside on physiology and signal transduction
pathways. Journal of Chemical Ecology, 35(2): 272-279.

Gao MG, 2020. The sexual attraction and selection mechanism
during mating process of Bursaphelenchus xylophilus. Doctoral
dissertation. Beijing: Chinese Academy of Forestry.[ = Y,
2020. AABFLE B S E I AR R T PR R | RN R
Argsc. Jent: EMOLREIR.]

Golden JW, Riddle DL, 1982. A pheromone influences larval
development in the nematode Caenorhabditis elegans. Science,
218(4572): 578-580.

Golden JW, Riddle DL, 1985. A gene affecting production of the
Caenorhabditis elegans dauer-inducing pheromone. Molecular
and General Genetics MGG, 198(3): 534-536.

Greene JS, Dobosiewicz M, Butcher RA, McGrath PT, Bargmann CI,
2016. Regulatory changes in two chemoreceptor genes contribute to
a Caenorhabditis elegans QTL for foraging behavior. eLife, 5:
e21454.

Hartley CJ, Lillis PE, Owens RA, Griffin CT, 2019. Infective juveniles
of entomopathogenic nematodes (Seinernema and Heterorhabditis)
secrete ascarosides and respond to interspecific dispersal signals.
Journal of Invertebrate Pathology, 168: 107257.

Huettel RN, 1986. Chemical communicators in nematodes. Journal
of Nematology, 18(1): 3.

Izrayelit Y, Srinivasan J, Campbell SL, Jo Y, von Reuss SH, Genoff
MC, Sternberg PW, Schroeder FC, 2012. Targeted metabolomics
reveals a male pheromone and sex-specific ascaroside biosynthesis
in Caenorhabditis elegans. ACS Chemical Biology, 7(8):
1321-1325.

Izrayelit Y, Robinette SL, Bose N, von Reuss SH, Schroeder FC,
2013. 2D NMR-based metabolomics uncovers interactions
between conserved biochemical pathways in the model organism
Caenorhabditis elegans. ACS Chemical Biology, 8(2): 314-319.

Jeong PY, Jung M, Yim YH, Kim H, Park M, Hong E, Lee W, Kim
YH, Kim K, Paik YK, 2005. Chemical structure and biological
activity of the Caenorhabditis elegans dauer-inducing pheromone.
Nature, 433(7025): 541-545.

Jezyk PF, Fairbairn D, 1967. Ascarosides and ascaroside esters in
Ascaris lumbricoides (Nematoda). Comparative Biochemistry
and Physiology, 23(3): 691-705.

Joo HJ, Kim KY, Yim YH, Jin YX, Kim H, Kim MY, Paik YK, 2010.
Contribution of the peroxisomal acox gene to the dynamic
balance of daumone production in Caenorhabditis elegans. The
Journal of Biological Chemistry, 285(38): 29319-29325.

Joo HJ, Yim YH, Jeong PY, Jin YX, Lee JE, Kim H, Jeong SK,
Chitwood DJ, Paik YK, 2009. Caenorhabditis elegans utilizes

dauer pheromone biosynthesis to dispose of toxic peroxisomal



21 H % ke g B—WE ( Ascarosides ) #AF58 R + 373 -

fatty acids for cellular homoeostasis. The Biochemical Journal,
422(1): 61-71.

Kaplan F, Srinivasan J, Mahanti P, Ajredini R, Durak O,
Nimalendran R, Sternberg PW, Teal PE, Schroeder FC, Edison
AS, Alborn HT, 2011. Ascaroside expression in Caenorhabditis
elegans is strongly dependent on diet and developmental stage.
PLOSONE, 6(3): 1-7.

Kaplan F, Alborn HT, Von Reuss SH, Ajredini R, Ali JG, Akyazi F,
Stelinski LL, Edison AS, Schroeder FC, Teal PE, 2012.
Interspecific nematode signals regulate dispersal behavior. PLOS
ONE, 7(6): €38735.

Karlson P, Liischer M, 1959. Pheromones': A new term for a class of
biologically active substances. Nature, 183(4653): 55-56.

Klessig DF, Manohar M, Baby S, Koch A, Danquah WB, Luna E,
Park HJ, Kolkman JM, Turgeon BG, Nelson R, Leach JE,
Williamson VM, Kogel KH, Kachroo A, Frank C, 2019. Nematode
ascaroside enhances resistance in a broad spectrum of plant—
pathogen systems. Journal of Phytopathology, 167(5): 265-272.

Kim K, Sato K, Shibuya M, Zeiger DM, Butcher RA, Ragains JR,
Clardy J, Touhara K, Sengupta P, 2009. Two chemoreceptors
mediate developmental effects of dauer pheromone in C. elegans.
Science, 326(5955): 994-998.

Leroy PD, Sabri A, Verheggen FJ, Francis F, Thonart P, Haubruge E,
2011. The semiochemically mediated interactions between
bacteria and insects. Chemoecology, 21(3): 113-122.

Liu XL, Zhang B, Tian HK, Ning J, Wang HX, Zhao LL, 2018.
Cloning, prokaryotic expression and expression profiling of
Mfe2 from the Japanese sawyer beetle, Monochamus alternatus
(Coleoptera:Cerambycidae). Acta Entomologica Snica, 61(3):
282-291. [M/MJE, BKEE, HIVERE, Tk, ElgER, BF,
2018. AR Mfe2 FERTERE , RS ML 7.
24, 61(3):282-291.]

Ludewig AH, Schroeder FC, 2013. Ascaroside signaling in C.
elegans. WormBook: The Online Review of C. elegans Biology.
http://doi.org/10.1895/wormbook.1.155.1.

Ludewig AH, Izrayelit Y, Park D, Malik RU, Zimmermann A,
Mabhanti P, Fox BW, Bethke A, Doering F, Riddle DL, Schroeder
FC, 2013. Pheromone sensing regulates Caenorhabditis elegans
lifespan and stress resistance via the deacetylase SIR-2.1.
Proceedings of the National Academy of Sciences of the United
Sates of America, 110(14): 5522-5527.

Manosalva P, Manohar M, von Reuss SH, Chen SY, Koch A, Kaplan
F, Choe A, Micikas RJ, Wang XH, Kogel KH, Sternberg PW,
Williamson VM, Schroeder FC, Klessig DF, 2015. Conserved
nematode signalling molecules elicit plant defenses and pathogen
resistance. Nature Communications, 6(1): 7795.

McGrath PT, Xu, Y, Ailion M, Garrison JL, Butcher RA, Bargmann
CI, 2011. Parallel evolution of domesticated Caenorhabditis

species targets pheromone receptor genes. Nature, 477(7364):
321-325.

Meng J, Jacob DW, Ren WL, Zhao LL, Sun JH, 2020. Species
displacement facilitated by ascarosides between two sympatric
sibling species: A native and invasive nematode. Journal of Pest
Science, 93(6): 1059-1071.

Murli M, Francisco TC, Chen SY, Zhang YK, Anshu K, Williamson
VM, Wang XH, Klessig DF, Schroeder FC, 2020. Plant
metabolism of nematode pheromones mediates plant-nematode
interactions. Nature Communications, 11(1): 208.

Myeongjin H, Leesun R, Maria CO, Jinmahn K, A Reum J, Satya C,
Yang HH, Kea JL, Rebecca AB, Hongsoo C, Piali S, Sarah EH,
Kyuhyung K, 2017. Early pheromone experience modifies a
synaptic activity to influence adult pheromone responses of C.
elegans. Current Biology, 27(20): 3168-3177.

Ning S, Zhang L, Ma JJ, Chen L, Zeng GY, Yang C, Zhou YJ, Guo
XL, Deng X, 2020. Modular and scalable synthesis of nematode
pheromone ascarosides: Implications in eliciting plant defense
response. Organic & Biomolecular Chemistry, 18(26): 4956—
4961.

Noguez JH, Conner ES, Zhou Y, Ciche TA, Ragains JR, Butcher RA,
2012. A novel ascaroside controls the parasitic life cycle of the
entomopathogenic nematode Heterorhabditis bacteriophora.
ACS Chemical Biology, 7(6): 916-966.

Nordlund DA, Lewis WJ, 1976. Terminology of chemical releasing
stimuli in intraspecific and interspecific interactions. Journal of
Chemical Ecology, 2(2): 211-220.

Olson SK, Greenan G, Desai A, Miiller-RT, Oegema K, 2012.
Hierarchical assembly of the eggshell and permeability barrier in
C. elegans. The Journal of Cell Biology, 198(4): 731-748.

Panda O, Akagi AE, Artyukhin AB, Judkins JC, Le HH, Mahanti P,
Cohen SM, Sternberg PW, Schroeder FC, 2017. Biosynthesis of
Modular Ascarosides in C. elegans. Angewandte Chemie
(International ed. in English), 129(17): 4807-4811.

Park D, O’Doherty I, Somvanshi RK, Bethke A, Schroeder FC,
Kumar U, Riddle DL, 2012. Interaction of structure-specific and
promiscuous G-protein-coupled receptors mediates small-molecule
signaling in Caenorhabditis elegans. Proceedings of the National
Academy of Sciences of the United Sates of America, 109(25):
9917-9922.

Park JY, Joo HJ, Park S, Paik YK, 2019. Ascaroside pheromones:
Chemical biology and pleiotropic neuronal functions. International
Journal of Molecular Sciences, 20(16): 3898.

Perry RN, 1996. Chemoreception in plant parasitic nematodes.
Annual Review of Phytopathology, 34: 181-199.

Pierce SB, Walsh T, Chisholm KM, Lee MK, Thornton AM,
Fiumara A, Opitz JM, Levy-Lahad E, Klevit RE, King MC, 2010.
Mutations in the DBP-deficiency protein HSD17B4 cause ovarian



- 374 - R B H1 244 Chinese Journal of Applied Entomology 60 %

dysgenesis, hearing loss, and ataxia of perrault syndrome. The
American Journal of Human Genetics, 87(2): 282-288.

Pungaliya C, Srinivasan J, Fox BW, Malik RU, Ludewig AH,
Sternberg PW, Schroeder FC, 2009. A shortcut to identifying
small molecule signals that regulate behavior and development in
Caenorhabditis elegans. Proceedings of the National Academy of
Sciences of the United Sates of America, 106(19): 7708-7713.

Qin YM, Poutanen MH, Helander HM, Kvist AP, Siivari KM,
Schmitz W, Conzelmann E, Hellman U, Hiltunen JK, 1997.
Peroxisomal multifunctional enzyme of B-oxidation metabolizing
D-3-hydroxyacyl CoA esters in rat liver: Molecular cloning,
expression and characterization. The Journal of Biological Chemistry,
321(1): 21-28.

Qin YM, Haapalainen AM, Kilpelauomo SH, Marttila MS, Koski
MK, Glumoff T, Novikov DK, Hiltunen JK, 2000. Human
peroxisomal multifunctional enzyme type 2. The Journal of
Biological Chemistry, 275(7): 4965-4972.

Ren WL, 2020. Effects of temperature and ascarosides on the
fertility and heat resistance of pine wood nematode from China
and USA. Master dissertation. Fujian: Fujian Agriculture and
Forestry University. [{TJ72%, 2020. LA E (58 Z XA
2 R P SERNTE SRR ML AN FAE S IR A2 AR S AR
t ARARAORE

Reuss SV, Bose N, Srinivasan J, Yim JJ, Judkins JC, Sternberg PW,
Schroeder FC, 2012. Comparative metabolomics reveals biogenesis
of ascarosides, a modular library of small-molecule signals in C.
elegans. Journal of the American Chemical Society, 134(3):
1817-1824.

Reuss SH, Dolke F, Dong C, 2017. Ascaroside profiling of
Caenorhabditis elegans using gas chromatography-electron
ionization mass spectrometry. Analytical Chemistry, 89(19):
10570-10577.

Simon JM, Sternberg PW, 2002. Evidence of a mate-finding cue in
the hermaphrodite nematode Caenorhabditis elegans. Proceedings
of the National Academy of Sciences of the United Sates of
America, 99(3): 1598-1603.

Smart LE, Aradottir GI, Bruce T, 2014. Role of Semiochemicals in
Integrated Pest Management. Washington: Integrated Pest
Management. 93—109.

Srinivasan J, Kaplan F, Ajredini R, Zachariah C, Alborn HT, Teal PE,
Malik RU, Edison AS, Sternberg PW, Schroeder FC, 2008. A
blend of small molecules regulates both mating and development
in Caenorhabditis elegans. Nature, 454(7208): 1115-1118.

Srinivasan J, von Reuss SH, Bose N, Zaslaver A, Mahanti P, Ho MC,
O'Doherty OG, Edison AS, Sternberg PW, Schroeder FC, 2012. A
modular library of small molecule signals regulates social
behaviors in Caenorhabditis elegans. PLoSBiology, 10(1): 1-14.

Von Reuss SH, Bose N, Srinivasan J, Yim JJ, Judkins JC, Sternberg

PW, Schroeder FC, 2012. Comparative metabolomics reveals
biogenesis of ascarosides, a modular library of small-molecule
signals in C. elegans. Journal of the American Chemical Society,
134(3): 1817-1824.

Wyatt TD, 2014. Pheromones and Animal Behavior: Chemical
Signals and Signatures. Cambridge: Cambridge University Press.
1-376.

Wyatt TD, Tristram D, 2017. Pheromones. Current Biology, 27(15):
739-743.

Yang YC, 2019. Effects of low temperature and ascarosides on the
sleep-inducing in Bursaphelenchus xylophilus. Master dissertation.

‘Jinzhong: Shanxi Agricultural University. [#7K &, 2019. 1%
T D HAR 2R X b £ T e IR A 2. AT 1225 L3 S
R PR

Zagoriy V, Matyash V, Kurzchalia T, 2010. Long-Chain O-Ascarosyl-
alkanediols are constitutive components of Caenorhabditis
elegans but do not induce dauer larva formation. Chemistry &
Biodiversity, 7(8): 2016-2022.

Zhang B, Zhao LL, Ning J, Wickham JD, Tian HK, Zhang XM,
Yang ML, Wang XM, Sun JH, 2020. miR-31-5p regulates cold
acclimation of the wood-boring beetle Monochamus alternatus
via ascaroside signaling. BMC Biology, 18(1): 1-17.

Zhang X, Feng L, Chinta S, Singh P, Wang Y, Nunnery JK, Butcher
RA, 2015. Acyl-CoA oxidase complexes control the chemical
message produced by Caenorhabditis elegans. Proceedings of
the National Academy of Sciences of the United Sates of
America, 112(13): 3955-3960.

Zhang XX, Wang YT, Perez DH, Jones Lipinski RA, Butcher RA,
2018. Acyl-CoA oxidases fine-tune the production of Ascaroside
pheromones with specific side chain lengths. ACS Chemical
Biology, 13(4): 1048—1056.

Zhao LL, Zhang XX, Wei YN, Zhou J, Zhang W, Qin PJ, Chinta S,
Kong XB, Liu YP, Yu HY, Hu SN, Zou Z, Butcher RA, Sun JH,
2016. Ascarosides coordinate the dispersal of a plant-parasitic
nematode with the metamorphosis of its vector beetle. Nature
Communications, 7(1): 12341.

Zhao LL, Ahmad F, Lu M, Zhang W, Wickham JD, Sun JH, 2018.
Ascarosides promote the prevalence of ophiostomatoid fungi and
an invasive pathogenic nematode, Bursaphelenchus xylophilus.
Journal of Chemical Ecology, 44(7/8): 701-710.

Zhao MP, Wickham JD, Zhao LL, Sun JH, 2020. Major ascaroside
pheromone component asc-C5 influences reproductive plasticity
among isolates of the invasive species pinewood nematode.
Integrative Zoology, 16(6): 893-907.

Zhou Y, Wang Y, Zhang X, Bhar S, Jones Lipinski RA, Han J, Feng
L, Butcher RA, 2018. Biosynthetic tailoring of existing
ascaroside pheromones alters their biological function in C.

elegans. elife, 7: €33286.



