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FABKNBE AP RBES/NEEREMHNAR TN TR ET A E T E
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Abstract

Insect saliva has many functions and characteristics, and can help to avoid
animal host defense and plant host defense (Musser, 2005). At present, there are many
researches on the saliva of phytophagous insects and bloodsucking insects, but the
research on the saliva of parasitic wasps has not attracted enough attention of
entomologists. The research on the saliva activity, biological function, salivary
protein composition, and the function of its components is still in a blank period.
Parasitoids can play an important role in the biological control of pests. Further study
on the interaction between parasitoids and their hosts will help to better tap and
develop the potential of parasitoids. The saliva of Pteromalus puparum may play an
important role in the immunity of parasitoids. In view of this, this paper mainly
studies the effects of the larval saliva of Pteromalus puparum on its host through
physiological experiments and transcriptome analysis. The main results are as
follows:

1. Saliva collection device and method of Pteromalus puparum larvae:

In this chapter, the best way of collecting saliva is obtained by exploring the way
and device of collecting saliva. It can be seen from the experiment that the device can
collect more saliva from the larvae of Pteromalus puparum in 15 seconds under the
continuous wave operation mode with the frequency of 50 Hz and the current of 2.5
mA. The device can simply and conveniently use current stimulation to collect saliva
of single or multiple insect larvae. And the device can make up for the defects of the
prior art for collecting some insect larvae with small individuals and no obvious
reaction to pilocarpine. If the structure is changed to the circuit board as described in
the invention, the technical advantages of high-throughput and fast sampling can be
brought.

2. Physiological effects of saliva of Pteromalus puparum larvae on host immunity:

In this chapter, the effects of the saliva of Pteromalus puparum on the cellular
immunity and humoral immunity of host blood cells were verified by physiological

experiments. In the aspect of cellular immunity, saliva can affect the mortality of host
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blood cells, and saliva can inhibit the extension of host blood cells. For the host blood
cell encapsulation, high concentration of saliva and venom had the same effect on the
host blood cell encapsulation, and had the effect of inhibiting the encapsulation. In the
aspect of humoral immunity, the saliva of Pteromalus puparum can inhibit the
melanization of host blood cells. Moreover, saliva has antibacterial activity against
Bacillus subtilis, Staphylococcus aureus and Pseudomonas aeruginosa.
3. Effect of Pteromalus puparum larvae saliva on transcriptional expression of
host:

In this chapter, transcriptome data were used to analyze the effect of saliva from
the larvae of Pteromalus puparum on transcriptional expression of host. A total of 219
differentially expressed genes were detected by differential expression analysis, with
18 genes up-regulated and 201 down regulated. According to the analysis, the
differentially expressed genes were divided into nine categories, including material
metabolism (3.1%), transcription and translation regulation (1.8%), immune response
(14.1%), transport (4.5%), stress response (2.3%), cell cycle and apoptosis (1.8%),
respiration and energy metabolism (8.2%), cytoskeleton (9.1%) and unknown genes
(54.7%). It can be seen that saliva mainly affects the host immune response pathway

and some unknown gene related pathways.

Key words: Pteromalus puparum, Saliva, Pieris rapae, Immunity, Differential
gene expression
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T Ao £ B ER M ARG R B RF R B EN, L BERNEE . ER
Fadk, REZH ek m Mt X Rl T EE . T HTFE B REER
B Phott, SRABERSENI B ENNAAURRFFEZNERFITE
Mo RXETRENTEMEE £ BRA L, URCBR WM RER R RERS
B £ 2 (A B AR ot R AT R .

1ERER®

Bk EKAW S Z —W S A AW NN REREER &, €& 5Ey#
TT3 105 FWt W FE & 5 55 . 8 3l X 37 6% S 9 A 41 7 B AL o) — LB W 2T 5 A
#10 BY £ A (Stamp, 2003). ERMERRBEE P ATAK: ABADSZE R (WEH
WH . HAEfERE R =) MmaR R 0 & E = (@ H ) (Bonaventure, 2012).
ERERE, MEERLH SN EMARRTHEHNE, TEH (wHEHEE
#) ¥ 45 20 B A 5 /I (Leitner et al., 2005).

1.1 B A B = B 1E A

B ERBHEERCERRCFN L, THFHT H X EM R HHR
R ERGH A k. B CEHNEEEGH, wEWEEE R (ULE
PEA R B ARG I RB 0D, CAIBRT LULRE T A H, 7 D24 kA 7
H—a, TESNEHES, Mo EnnARNTRER 2B, LXK
BEMHRRFE. LFEEGHE, BWRARRG], BAZEAFTURDEREER R
GRECR O
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1.1.1 EEHH
1.1.1.1 &L Atew

g b, M= ENAE WY 4 R R AR R . B RGE
MATEK, REMEHE. 7—7, RERE =Y, WEHEKR N EDEEE R
waH, ATRFPEN X BN R R e R RER S, B5l &0 EANFf
T, UREAEY - @R FEY - EDEENEN. £HEETH
AW Y B AR, SREME BB T EATE. —HKWE, EWEH
TRMEWEE N ER B = I =R, [ fE A F L B $# 5] F A (Fraenkel,
1959).

1.1.1.2 BREHE

MY AT L HEa R, EREREER REEIRES . fLEtEa R
FR&F AR ey B R AL, W08 72 & B iR 3 R W32 7] R M S F AR 1 5k
PR %\ &4 49 #| A (Duffey and Stout, 1996). F A XF & & 2. & & FH A,
o-E M BRI HI N, BEEE, LT FUEEA S B ALEE.

B R FZMH e B EBIH A (a-AD FET ALY T 5, Fldn Triticum spp. fo
Hordeum vulgare, DAK b8y 5 F ot g4y, ix L4 &l 0 s 4 st (B R
B MR AEYW a-E 0 BE, BT RN, ROZEENERE. NX a-Als 7]
LL#7 %] Tenebrio obscurus, Tribolium spp., Sitophilus spp.f2 Oryzaephilus spp. #¢
H i fi% 77 69 A4 = d(Morton et al., 2000).

JLTREETRBEWSNERMERE S, LR EEA— LB R, &7
T 4 AR 504 + (Kramer and Muthukrishnan, 1997). B ., # /17T FilE
H] DAL B [ 14X 28 A& 4y 69 4E ] (Jouanin et al., 1998), SZfr b, EAEHA LA L KL
JUT Filgmi i EEEY S B2 B A, #l4e, Solanum lycopersicum
%t Leptinotarsa decemlineata £ 474 (Lawrence and Novak, 2006), %& % [& /& & #E
J¥ I/ E K # Manduca sexta (Ding et al., 1998), i@ Lacanobia oleracea M| # 4% &
I, # ¥ 3 fr (Gatehouse et al., 1997).

BERZ—MEZoES, TEFETELENNWEREEMRPEL T,

2
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AEZIHED . BEZNF2ERMELEY, AACIHE RSN S HENERE.
w4, E T8 KA A48 A1 8 (CRD: the carbohydrate recognition domains) iy H. %2,
BEERWA AN EIMNEER, £RBEERX. C-.P-. SHEREERURAIT R
(Arason, 1996), & 2 g H AN EEY 4 £ . & B Canavalia ensiforms # %
EMEIH ERERR AT ERE G AConA) £ % — AN % FL Y & % (Edelman et
al., 1972), M4, EHEE L4 F 4 &K1AH ConA £ L.oleracea 7 Myzus persicae
i % B iR % 45%(Gatehouse et al., 1997), UM & £ 5 AW B & 3 X5 A 4
FaEme, C1T80A A 2% E 7~ & #% 4(Chrispeels and Raikhel, 1991).

W EMNEE (PPO) BEREEMRIY (ZEEAR) AR HAAE
. XEEFBHE LRG| RB . PPOs 4.2 7 4 ROS. X F g E L
HETE 2 I A O BT, PPO AR AR R B A ok, 5 P BB R R R E R
iz (Mahanil et al., 2008), PPOs £ % 7 s &% H 3, HWEWN LZEHHEER. B
t, PPO &M 5%t L.decemlineata, Melanoplus spp.fr 8 B 4y & eh i 14 H %
(Felton et al., 1992; Alba-Meraz and Choe, 2002). 1t4h, S .lycopersicum ®t F & &
PPOs W THSEN TERERBENERR L, MITKAL W T fUHHE
(Thipyapong et al., 2004).,

B R VH A P i X A7 A O A T Y N BB S B B, U TR R B R R
REMEaTHRE. RENNELEARZ O, FETYHESENATH
SRR HAE . GREMARE T, 2RSS oA RREOTE., KEEZOHE
KU EORN TR, FRAREORMALAREOROAHTE. WAH
FEREEFERUEEERENEARFRIALERL . RE—IMRINECLE2E
% VB (Coppedge et al., 1994; Terra and Ferreira, 1994) . & 4# %t BT & I 2 & & B &5
HIMEF, TURES WA TN A 2EEFBI T A1 aE30 & + M8 &
ERMBEE, NTEREERNAAE, XHMPHEK. KEMEERFTNE
% 8 2 (Broadway and Duffey, 1986). i# % 7 & & 7] & 3 B Rk H 8 7 £ A
WA, B_EFZ, EEANMT, SEfr TR, EHEY, TEAE, MEFf
THAFHRME G E GBI A, MEZ, ZH, Tona s HR 5T LIT
R 68 o-iE B - BRE G FI A, X 24 412 Diatraea saccharalis # 1t 5t E
#*(Falco et al., 2001).

b



b =2 k=R VR B—E XEER

1.1.1.3 EF 4 ERIE

ATRFERAFTER, ENTR2EXIREHBEETEF 2B, Fla,
Centaurea maculos 7 Agapeta zoegana & 7 if 4 # 4 4B % #y A.(Newingham et
al., 2007), M4, i if Teciasolanivora 4 = A B4 FHZE G B, BRAZIEZ RN
T 85 3 S 2 B 38 ¥ fm(Poveda et al., 2010), B 374 Bl i 7 LA 4 2 1 B AR .
& B M. sexta #7 0 g 4347 LA Nicotiana attenuata % &, %% 7 #%wW o, Al
F 1R #9 4 K (Schneider et al., 2006) .

1.1.1.4 BARE

AT RBRE, REFARARTENE R RE Y 5EW R wE H k. B,
EMBATT R HiFZ BRI, FlakBEf gk, TRE, TR 4
&, AR F R HER R =,

KEBFVBRBERZA S HEEEMARENEEAGE RT CNERTE
Ao R AR 'R AE RS, 1R T o R, XS T B Rar A
FHE%F., &I, Tor Arabidopsis thaliana _t Pieris brassicae ¢ 7= 5 % 5 i 41 &
B, AR AR T+ kR (C34) HE, FERED T mEER (C24) #
. &L T 2t Trichogramma brassicae &% | (Blenn et al., 2012).

kBT H—FHANRARNESE, EEATH LEI BN GE,
Fhr X B RAR T EA M B R R fr & K 3 r(Fordyce and Agrawal, 2001).
WA, BERTFERARAERE B RHEEE . TANE S THHAE 2oy 0 X
AR5, FHHE v E B AR & B 0 T &8 1 (Raupp., 1985).  fil#m, A
E Ingaedulis B9 s Bt FEE S A HW A K, (B & T 218 %, Atta cephalotes
4> 8 # % 7 48 #7(Nicholsrians and Schultz, 1990).

1.1.2 |8 B5#

BB H A RER T EARENHE AN URRRAES . NI, 2
B BR B R A AT 1000 AR & M E AL A4 (VOCs: volatile organic
compounds), = % o7 6-8x B, B, Eefu & Ak kK L6 W2 & (Dudareva et al., 2006;
Pichersky et al., 2006), £ &% 4 &H HL.{&4 VOCs Al TR | &4 AN fod &

4
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(Dicke et al., 2003) =% ZX & & 2 5 #7(Kessler and Baldwin, 2001), LL ¥ # 4y z [8] =%
Z_ P #922 Ji(Baldwin and Schultz, 1983), I 41, B 4B #2 & 14 AL AL 44 VOCs
TEW B E M % & 82 A= MNEY B 5 H & (Tumlinson et al., 1999), ¥4 5%,
W ANKT R G B AR B VR BT 5 AR % o 4R AR B9 Melinis minutiflora
MEZNTKEFH, EXHEXORERD IMEBR-—IMHeH, XUTE
KAEFERZEMGERBERAAEY, LRE]IF £ (Kramer and Muthukrishnan,
1997). A —TAH AT, EFF IAKKVOC &, FEERD T EXEFER
i % & (Ockroy et al., 2001).

S (EFN) WIEMIT 70 MEdF, BT HTHES, RTEMK
KEY, RACHBEE RS2 #tM. SHATRIEREN W ZEMEN, EFN
AU TE T F AR AL A £ DAVR B 4 & Fn & A ¥ (Gonzalez-Teuber and Heil, 2009), {2
F IR & o B8 4, P 4% 1 % (Wagner and Kay, 2002). 4 EFN B /£ 47 #978 Gossypium
herbaceum, Anacardium occidentale, Manihot esculenta, Passiflora spp., Ricinus
communis, Prunus spp.fe A &4 & FF(Heil, 2008). K #A LAk, EFN #f % 4% 8 H &
FHETERFPEYN L, BACNETGRNERES . 55 A g o) 1
H M5 BRIk IRV RE 7. e, Macaranga tanarius &5 447 T 3 58
7 EFN 2 3#e9 i £, SEGRPUESNEELp, HWMERT REHWHIEN
(Heil et al., 2001).

BH/INMK(FBs) & — b 4 Mo 454, £ B &2 s a4 . & | i g 2 (Odowd,
1982), CAE A8 elwy&ty, FEIH ARG #EE. 5T FBs & g fifn &
BReE, CINHANEFFOGHLX. fln, EFRHKTEKH Piper
fimbriulatum # FBs & Pheidole bicornis ¥+ Z &%k R, Ja#& 7 LLA BRI
FEEY RN R & B % 8 1Z A\ (Fischer et al., 2002).

T PT LUAE o RioAm o fil 28 A0 A 45 0, An R s S R W B R B — AN
8], JH 5k # & sk % (domatia) . 95 5 8 % 8 PR T #d 0 IX, T o o 0B
B AL R IR A X % 31(Romero and Benson, 2005), 2= % ot F 3 i S04 8 b 1k %
(Grostal and Odowd, 1994) - &y # s # & , T 14 4% 048 47 7 fm 38 7 0K 38 Ao s Ty
#%E, TR EEA M 6E(Agrawal etal., 2000), 5 FBs L, # 5 & 2 o1 55
B 7= A8, X7 Vochysia vismiaefolia -7 2| 7 1 BH (Gaume et al., 2005).
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1.2 B MR R ER I
1.2.1 ¥®H

58 H B B DU ) B B R A R R R R R, AR BCR X AR A aE Ak AL
Wt/ . BT ENFEFTARKRELETEN, AEHFREEHLT 1D
#(OE) S 5 mAEE R A, &2 — & A\ M F % 7 % (Tjallingii and Esch, 1993).
TP RAT AR, FRE LT RIAL Y 078 KR, DUR S & T ey BR
L 05 B 3K 0 & FE BB B0 I R, 2 Wb P AN SR AL B R . JROBEVE TRLIE A A
ERFP O EZHESG, KER FAEELTEHFNEG D HENEYH I
F+ 7] BE £ Y\ A 4 B 4 )25z (Hogenhout and Bos, 2011; Elzinga and Jander, 2013).

BRMBRAL B, FREERER E2RE 5 WERRER, "EikaRRE
R, ok BRF 0 BORE, & EEY A8 05, Salivap-3 41 salivap-4 (NIShp)
# % % % Nilaparvata lugens F'ZER#H R XL FEE. & — MK ER F
(Huang et al., 2015), &K $H 4 I\ 4 8 B T8 0 4T 2 £ B 2 w0t & H X
2H o VE VR BH R K B9 B BT BB LLAKAE &, (B AAF DASE A TR A FF (Huang et
al., 2015), "ER LT LI BB WA T REM M. BREBRAETREFHR
Wi R IREE, 2 BRI EORAL, ESUME KRS & A R I RO AR T 7 RO
e % 3B % (Sogawa and Pathak, 1970). B T 8 7= & 7 2 {#15 0 4 % LU A\ fr 4k
4, S E DB (Huang etal., 2017). 5 — 4 @, M4 7 LUK ik 898 5 4
REFYEARN G TER, FERAMEEE. BF M ERBEAALZAH
EH. ZEaW ConKBERARTFSHHREL, BFAMITT. HIEE
oL 2 A T A 34 A i AR AR o P VR 40 U 7E ok JE EL B 5 AR 4B B B R, OF HLAR
W EREFEE A Z Y MN(Rao et al., 2019), & T EAIEA LAER F < Em 1A,
B VR B ] RE L E R R R 02 T B AR

R AR B R E R R AW R R 14 65 URIE et
71 (Guiguet et al., 2016). &1 Ca™* Jit \ 15 7 B9 [ ZE AL I HL1E B =& (Will, 2007).
4r armet (Wang et al., 2015) 2 NcSP84 (Hattori et al., 2012) % &k & &, ¥ U#
£ Ca¥ it X MAAWBEHE. CANEREHFIFS C& E6&a, O
regucalcin, 45W & &, 4514%& &, annexin-like & & (ANX) F2 H 4 EF-hand

6
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sMBHmEER. CEEERABAETANRE A T EE E T EH
(Vandermoten et al., 2014; Jonckheere et al., 2016), 7 fk & #4 Bl # (i 45 &,

WA — 2R endo-B-1,4-# FAEEE (NIEGL) , I8 T & AF A8 4y 20 e BE o
WA R R, BB CARA R A L H, FE, NIEGL i 7 DIAL# K 8 (JA)
FEXABE - Rram, QA-Ne) /T8 /KR 0 R (Ji, 2017).

T A Nicotiana benthamiana & BBk Bf &34 R G 18 ¢ B ER & G ¥ 4T
TRMBEWRFE, £ 64 IR EREZEE T, 6 IHERARERNET. "E
W& | N12, N16, N128 #n N143 % 5 A KJEE @4 5L —, M N140 % F =
#, N122 F 84k A (Raoetal, 2019), AT, X 1% k20 & T B9 48 7 of g6 Ao
T 47 o B IR AL A A

1.2.2 %3 H

REBMAMSBAERREASHUNEFEES, ERVAFAEERHENIW
RS . ERREERART, HLAHRRBEH LI, XLEAES HHENL.
R S IR A I S Y A SR A R B B el oh R A o 1 SR 5P T Y R A
AUBRAEERER 2P EA.

A KL, ERREERWERTHECEL T H i (ki &8
Big %) (Harpel etal., 2015). "#iR AR 0 fE4h, X —F A TR 5 5 0 &4
HAHB IR . X — M AER RFIHFTHE, RK—BEHE LK, AN EER
HEITRAE 20 BAPE N ——aE RN B 2 &R = (Miles, 1972). £
21 7% 1 ¥ Heliconius melpomene & = Hy v ik o WL 2 248 & 85 30 B 19 1 A UE b,
VIR R R R B T A8 R vE L (Eberhard et al., 2007; Harpel et al., 2015),

B eREMAERUR 2R FW R NEY . ER IR+ oA &£ F 7] LR
BB EY T HN RS, SBEEFELEI AR RH . Z— RN EER T
MEWNER, UBBT FRESLRNERZNMRE. EERREARATELR
B — LR E e o it A LA BE A i 2B (Castro et al., 2017).

BRAMEYTARELEAE T LT, AUBAE R 2B 5EYHEANH
HMEBFHRAEN(HE . AW, FE. RESINF). SREERERFLRIE
T KRB EERARME G . mRNA K £, Toll fr IMD # B A8 X 09 8 5 = 4
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BB R F &L (Koenigetal, 2015). & & & Fi AT, HE K B-H BHEZEE
B 4L B4 # . (Harpel et al., 2015). 7& Helicoverpa zea ¥ &% ¥ B4 L T L E
7E M (Musser, 2005) ., X 7 & I V3 [F T 4k 0y 1 & HE A B A0 A B B T R
(Musser, 2005), 8% B %) =By 22 B B (CER LA B R BAEH AR
e 2 B RFWR T EE & (Musser, 2005) .,

HfIMER EEmEG RO HE LI, EF LT AEFEX 6. XX
R ECN R AT EN, REFERAMIGEMLTN. EXLEGRFY, A
It 2 5&afemk. #EXEMHEEEmfEHE (Harpel etal, 2015). M4,
AHFESHEMREERET AN EaR(Flw, FEEa., # ke, #I2&H
&) (Xiaet al., 2007; Afshar et al., 2013). #& /5, 5 % H B &= 4 b4y fn/ 5 4 4
— B, AREZAMANHERIRFEZD IR .

*:C002, PIntO1, A A -~ con,; tes,
PIntO2, Mp10, MpSS\;‘ A ot

N 2
. Me10, Me23.. 1 Plant defenses r— ATPases, inceptins. =

11y S5EA R R HAEZIEA W EE S R(T] E Jean-Christophe Simon
&, 2015)

1.3 MR B SR SR R

EEA LA XE RN E 2 ERERA T 2R AR B R E RS B
BARB iR A T B & P AT KBTI 2 F R AL & fltm, RN A S AR EH
R BN R R A WIENTFE P RIFEY T, FEE Pl g e
Ik (AMPs) By&kis, ©AILE T EAEy G # £ % (Will, 2013), RAFTH#H T
MR W T AR T E R S A BE EEMAN B ACT A E(EA, (B
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By B AR 2 B AR A B9 i A\ A8 IR R B o A I P AR A I R R SR I K AR BUR B
AT o

2 % bk B

4 B s (Blood Feeding Insect) = Z & #F W@ EmERE, UEKEAHE&H
BEEZ#®E, W %11 (Ribeiroand Arca, 2009)., & &% itk B = A A H 3
E2-15 LFEM R L -8 4 78 (Grimaldi DA, 2005).

1.1 BB RREMEF % (5] BJose M. C. Ribeiro%, 2009)

Order Sub-order Common name Genera Species
Diptera Nematocera Sand flies 6 70
Mosquitoes 36 3450
Black flies 24 1571
Biting midges 4 1000
Frog-biting midges 1 97
Brachycera Tsetse 1 23
Horse flies 5 4400
Stable flies 3 50
Keds 19 130
Bat flies 31 520
Blowfly 1 5
Hemiptera Bed bugs 23 91
Bat bugs 5 32
Kissing bugs 14 118
Anoplura Lice 42 490
Siphonaptera Fleas 239 2500
Lepidoptera Moth 1 8
Total 17 455 14,555

2.1 fF E X b B e Rt B B 4 4 A

NTRMEANWTE, RFHH TR E MR TR S, RAR AL MR 3 58
A, BEF2ARRRAR M. EEAZFIHNBERAETTRER EH. &
WA ZMEROA S, AfFlbn., REMERZ, MERnsiweHm,. x=
PEREAEBR AT, AR 7MY AR R L B R

RV o

jul

2.1.1 1k

1F i 2 ) i E R B ORI K R RN . /MR Bk E D P A B UK
5| AAETXA Ao & & o T4k i KBk 2 — A+ 2 8 &M A 4% (Champagne, 1994;
Ribeiro, 1995), [ I, 1iE i =] LLVEIT %A% G W g £ Kk, 0 (£ o i 89 T B o
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%
e

MM R E A ERR
2.1.2 RE

RIEAAEEL A W) #47 fo 9 B AT Bl 89 £ 2 X 57, 7+ H & Cornelius
Celsus Z##R A2 P, BPAK. AHAER. KOMZR/HEHR 0 F 5K
MER BANEFKAANT LRGN, BRI REEA R %R 2T R,
Ao, ERERGIHLE T EDMEFELE RS, KX LT LARMIAE T XM

UASHEAMET KU RO ME TN, Bk, FRMF D 6T 1k K H 4G
TR E M ERSE, AT REERARBE TN EFK. 4B EHRZEGE,
FE K 40 A B8 7 £ F BEEUBE & = 0% P 4, TR R P A U 5| AR KB A A R
2y £ EJEH . MRhodnius prolixus "% F 4 & &8 —MHLTBPIMH lE & &, ¥
FE S MV 2 & ¢ B ABE & =% P~ T & & £ 09 RJE AL (Jablonka et al., 2016).

2.1.3 % R A

BHAREBHXE A X T R R ERHITH KN (Peng and Simons, 2007). H % 1
Ve B e A B A M S AE £ R P R T LA B S RORL . B RORL R B
FEAR A f g (FERERMNFR) MR- TR (FEZE =)
Cofm] FIIR £ Do) BIBEHK, 5 £ L FER MM, oL ILRAEERLR
1 B # (Ribeiro et al., 2010), £ 1B By /MK, I TC KR B ™ 2 #h 42 R R B[
REAHAFT AR RNMEARMRBERSRERF EWNRET R, LEFRE, F5
FogEf AR E T E . Mellanby #3487 i 7T 589 A K 20E KA, Ko
A4 AW B, BELRE, REABHER N (DTH) , B8 A UK N i 8 (K,
1946), &A1, ERBETRAABENTRG, RAENZERE. HEEREE
1224 W B FER B RN, Hesrsadi o, B8 50 fEEmA, ME R TN
g, wEVRON SERATAERE HIAAEL-20 minK, KERERF N, XFER
MR THEA, RETHEUNMINHNAEREBERANL. KE, EEAKHE
Ee, BETHLRBGH LT BWED| KR . TR FAA KB LZH I E
A F T EL SR (Peng, 1998). X TH M MEEM 5, ZR N FEHTA
BORL, ¥ AR A A2 BLR o B R . E AR AR RO A A B BT R A B G R
WA FRARME G EERAE. T TROERETE, XARNLSFE
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H YLK
2.1.4 W AT R

AT HEMAK, B SR BIE 0 Bk, X R W 1 m R g R,
WEr, BRRREMENENSTREE ZEAFAE BN DR, BHELRS
W RE S Mk — A A M AE TR, BT RANER, ER %R R ER
BL 4515 2 | R LB A B U sk A 4 vE 1 B9 2 B (Ribeiro and Arca, 2009).

2.2 R B R R S Rk

AP R v R DAGE S TR A AR S ARy Ak o, SROEA SR R BB M B
EERMRE LR LIFEEAFERHREE LM ORNEERN, R E
s — B A B A A AR S e W B E LR 64 (Ribeiro and
Arca, 2009), HFERE AR EZWHMER BRI/ MURER RS B
i 4% Bk B & 475 (Ribeiro and Arca, 2009), £ fi 4 & & & LA A F E b i
BALS RO RmEL ., RE, SEMFEEEFTTE. TEI2E4T &
o i M B B v LB T B (Arca and Ribeiro, 2018). [ BT B o) g8 AXIR T A
WFEE T XA, MHALRT L4,

anticoagulants antimicrobial peptides
antiplatelets . £ INSECT
HEMOSTASIS N N lysozyme IMMUNITY
vasodilators N\ -~ :
~ - pattern recognition
fibrinogenolytic _ -
. mucins
[~ contact pathway OTHER
inhibitors other enzymes
RESI—— K i / \ ther immunomodulator
ratagonists P | \ other immuno ulators HOST
W IMMUNITY
other antiinflammatory miRNAs complement inhibitors
- ?
Current Opinion in Insect Science

A2 R B 2R E N REE (5] B Bruno Arca &, 2018)
2.2.1 A F% M
R R PR R B R i B E N DRI E A s A B R e ], i MR R
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E, mMEREFNG . nBRFRIEEFREE AT LR, EER A
HEWRAT marstf, Al @E. £5XMHREHRNEHEXH IR T, &
mEAE, BAER LB RANEAER, EREHRN
JURb kP, TEILIA M /MR B RE I, R AR, I A SR AR A i
e o S I RO ] 5 B A 40 B R R S R A M e (B R A R A i vE &) Au
Ko+ (EERBAZHCy MATFIRED ) WEK, ¥ 55 £ K8 KAk
B, AU ERAEZR AR MU E E, WFHTXERE, Bt bE M
PLRE R w18 £ 89 18 o Ao R E B9 E 7R R &4 (Ribeiro and Arca, 2009), T # 4
P E A RIERE AL AW, Rl R RAERLRELAE 4, SHKT
FE AL S M. FooP B 3 IR L i BRI AR ] A /AR 3R B R ELA &
TomE R R R 4 % 1k (Ribeiro etal., 2010). B4 % # T B84 R, B (]
Wi =B W R, LAY, 2aREGE) , EalEieR, ik
#| 7% (Arcaand Ribeiro, 2018).

2.2.1.1 B

R Wi VT LA I A IR R o Y B 24 PR R W B R i M B R KA £ e Ak o A
RIE.FlineF EZ G LA BB F LW MA EEGEBRREMT AERMKER £
Wt R, RWEER A HNERK, R THREEZNEFTEE (Ribeiro and
Arca, 2009).

B H R A TR WP A T IL S R i B R R KB W =
B W B R T (ATP_#F2 /KA ) vEM (Ribeiro and Garcia, 1980; Ribeiro et al.,
1984; Calvo et al., 2008) ., fiF H = #% B2 W 5% B B KA # ATPF2 ADP4 fift 1 AMP A0 IE

IR, AT MR R . AR5 d /MR e R 4 R A ATPATADP,
CATREE L A IE BN . ADPE /MR R EHH EF A, MATPH %%
v P K 2 B B8 B A BUR B K (Francischetti et al., 2009). 7£Aedes aegypti, — 7
ERRT BRI ARENEO N RDRERAND - BEREH K R Xk
(Champagne et al., 1995), HEHE g T =5 L 7] LAKEATPAADP(Sun et al,
2006), BE T E, 5EBE, %8R0 F I 5 E R B = 25 B W 3% 1L g/
5 -Z MBSO EA T EMEEE, 5 7B 50E H, 7 Culex tarsalis
R KX IS A% TR B R ik AR R B2 X4, T £ Culex quinquefasciatus
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FIATA YK, HLZ T, FB S NER T LT E NS -3 5
F R A R (Arca et al., 1999; Lombardo et al., 2000). X f# % & 7 g 2 & F 5
AMECR SRR, AT A &8 xR SLE 89 f /MR B I (Ribeiro, 2000), £
B, RE-SHRNHARIEELERETATEANEERRk (Valenzuela et al,
2001). INEERME G E REER LERR T LAW, BWRT — MO ZER
4% 4B X & (Valenzuela et al., 1998). 7t Lutzomyia longipalpis # i % £ — 5’ -
AT, 76 UAKBAMP, gt AR UDP-# 4 2 (Ribeiro, 2000).

TEAe.aegypti B F — IR ER A KA A2 )5 (Valenzuelaet al., 2002), & L T
ADAFIPH Y A5 i 4 A, R BABRH 7] LA s ALE, A5 Bk R Fo i .
R 5, AR R ATE R IR A P K I T BEUE M (Ribeiro et al., 2001; Ribeiro and
Valenzuela, 2003). X £ 7& 2 7] gt & (% iR 5 Ao LB 22X 4 B0 ALHUR B, AT 2D
LB 5 B A 40 R BB B s A (Tiilley et al., 2000) 5 5| & /& B KR . T8 & X
Ardz s, LUK Llongipalpis & Bl BR “E % il £ B8 0 9% AL %% X A (Ribeiro and
Modi, 2001). Phlebotomus duboscqi # & 418§ B, & ik H# 841\ HE7E 4 (Kato et al.,
2007). H #e9&, Phlebotomus papatasi %= % #3ADAR] % F A& (Ribeiro and
Valenzuela, 1999; Katz et al., 2000), 187 H &R + &8 KB N ME T KA F i
IRBEERFANNEEAAMP, XIALEE—BFERKEHWE AER, WP
duboscqi (% "E 3 i H FrAMP) FuP. papatasitdF 4. 2 E B A b, U Ei
FRIT PHEE T A,

#C. quinquefasciatus # & FL T ZBL 4 V1B 4% AR, FF B3 o R BT A
WA E AR RIAIESE T VB, AT VAL R TR B B R AR = 15 TR
Ochlerotatus triseriatus & % I, 87 (7 s s 3% b % F £ . % 9H 8% By 4% 4
'R L. longipalpis® & 3, JF B A2 % Ay s fu BAg o A0 Bk 75 1 (Ribeiro
etal., 2000; Cerna et al., 2002; Volfova et al., 2008).

EBCE R Culicomorpha o 2 AHi 77 72 97 A ik & B B A B 1Y 2 X K (Ribeiro
etal,, 2010), ZIE® A 1L, XANFKENARE A FEEAREEIUFER. BE
N, T REAE 0% T 1 Y BT B A B BE N S R e B AR £ R
SR ARER, mERRER T A EEGRN RN EEFEITERE. &
4 J& & B BE (ESimulium nigrimanum ¥ L I, ZRREKEE (2MEAE

13
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FL. longipalpis #) ,4A41%& & (S. nigrimanum #1C. tarsalis ) 14 & B % ik
e (C.taarsalis ) ByE K AR ném i 2 A0 & G BgHI 3 AT 2, T Hix L%
HEG R LR, FUETTREE XAk H X,

7 Phlebotomus  # &y & F1 2 A iy 4 3¢ £ 8% fif Be A2 . M4, & EC
quinquefasciatus , Anopheles stephensi #2P. argentipes¥ & 3. 7 = Bt & H i g i
B, 7EAe.aegypti F R I T DAL EETE BB T AR B — N EA AU FRAE.
C.quinquefasciatus 77 H R # % e BeCyE I, T AM MM REE R T (PAF) ,
B 5 F R4 Ak 4 (Ribeiro and Francischetti, 2001).

Z A HEER A E M B A R AL A A LT A K AT E Nematocerat #4577 £,
FHRIEGRF R A X, RAX LG T E T 1A X T 0 ERR P
(Jamesetal., 1989), X LW Z A mE MK AT EW P H A ERRKZ —, ¥
RREHNEEE - MREWNAFE, £ EF Culicomorpha #1 F & #
Psychodidae #y 3t [F] 48 % & #i 77 7. 7EP. arabicus frAe.aegypti # X2 7 JLT &
B Y W 5 AR . AT BB AR S 7 R AR, Bt An. gambiae Y 2K AU [ —
B, W &I EA %% K B (Shiand Paskewitz, 2004).

2.2.1.2 & G A

HEamumE e X LN e REMEE AW, JFE & BREY
EX (GlinE ke , f&k AT OB A MG MR RHEMEaHS
Riahek. B THLZEETMUENMIELRY R EGABEIRmT, FHilkk
EMBERR RSB EERFREACHRTRAFTT

SerpinfX & £ &R & 5 Bg &I A, — Fb T AL A B R e SL o A e TR A B
Wit R E GBI K k. &K /A T B Nematocera B9 itk B b, 1Z K ik
% 7 T Culicine #9"Z +, 127 Anopheline W EH ¥ ~HF &, F HEV
L.longipalpis . % I — f € %1 e serpin. Ae.aegypti "E i + H £ 8L & & e 47 4]
Rl H Xa HTIHEA, 23R FAPBE F o8 g 15 77 (Stark and James,
1995; Kenneth and James, 1998)., %A1, 7 %CH0E S 7 # A [F] B E & serpins, £
= /I-serpin#y & 7 AT A R FA

Kunitz& # =3 L A+ 4, I H 5 & &840 & 7 48 % (Ascenzi et al., 2003), {2
W, 5 8 T 3 [ 9% 7 5 (Harvey, 1997; Paesen et al., 2009), 7] #6 4 7= 4 & 4 %
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R. AARBAMERERBEFHATAXMEGNRIK, E— M EWEFHFEEL
R E G R, &KHALFESZEMH, Onchocerca volvulus#yKunitz 2 & 22 & 8
& G E R (SV-66, SV-170) B & 1% i 7% % B 29 1E | (Watanabe et al., 2011;
Tsujimoto et al., 2012),

R AR E a TR AR E GBI R R LR R
A% fEAe.aegypti f2Aedes albopictus # & 3, 1Y 14 M0 7 "R 7 F 89 3 88 1B .
2\ % A B L3R AR 0% 1 4R o jE B9 2 B AR R B EE AT AR (Kotsyfakis et al.,
2006; Kotsyfakis et al., 2007; Kotsyfakis et al., 2008) .

TILE M B R 35 2851 — M n R & a B0 & 7| & 4 2, F B+ &k
T, EERETAFT, R EWNR T T, BFAn Gambiae HE, £HA
FUW fE A (Kanost, 1999). 3% 551 F ARAT SR £ 90 105 M £ F R AL

Kazal 4 14 B 5 22 & 8. & & Be 4 % 57| 2 1 & 4 75 48 X (Kanost, 1999;
Rawlings et al., 2004), 1% 5 jik B9 ik R AL AE 4% 500 B2 8 o & 3L, I T C. sonorensis
LS

222 BEHRE

A F T A 4 (The World Health Organisation) #¢, B4, #54, ¥ fnig
FERAREHNRERERT PEEIHBRNEREAE, FREFEL 1017
Flm A 100 7 AL . 2K E W, 58 £ % 4 10 A B E #% & (dengue
virus) B %, BHEKEH ARLEE| K Zika, # HE A chikungunya 45 747 7 B =
%% 7% & (arboviruses) , £ #F Ae.aegypti & £ Z £ # # /- (Weaver and Lecuit, 2015;
Gatherer and Kohl, 2016), X 65k JF1E N E 7 REEE AR, XNEEHRN 23K
£ [ ik A1t A 89 12,% 7T (Shepard et al., 2016). ELILEH A R HEE LT
AR T REREME R RRE, A HAERNEE FE.

=% & (arboviruses) EEfF EAR®MESHE, ERANFEEHFHFZ —,
A 600 £ 4 &R, EFE/D 80 AR AZLRFEMR (Conway et al., 2014).
AP AL BN TEEFNERERETEFAET = MIEANRET: EREH
(Flaviviridae) , @& ## (DENV) , Zika (ZIKV) , ##uE (YFV) 1
2 HE (WNV) ; # 5% &F 4 (Togaviridae) , 4% chikungunya (CHIKV) ,
Semliki Forest (SFV) #2 Venezuelan equine encephalitis (VEEV) JF&; # R T
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%5 & FF (Bunyaviridae) , 3% LaCrosse % &. REFEH TR, RETEHK
ZRTmERI, GEXATR, WREAIFEATHNLE SR (Ryman and Klimstra,
2008). X fb % Ut A B AT K O T R SR IR AT R B LA BT (8], AR T K
Au i 17 455 2 B B 2 A fu o AE F BoR Rk E (Gould and Higgs, 2009).

RECNEAMLANEZHNY, BEEERE LA tENRE: BLTRIY
W AR AL B KRR 1 o B A, AR S B X T 2 R R R R O R DR R
EEmEHERHE IS E £ (Styer et al., 2007; Schneider and Higgs, 2008). 4
T B sh, vE L] LR R A R AR R 4 £ (Vaughan et al., 1999; Cox
etal, 2012). ER TR UT N FTENFEETAEREFEFHE.

Virus is transmitted with mosquito saliva

into the dermis
3 & Epidermis

<= = ——— 3

Mast cells ‘ X o
1 Degranulation B
@ Y ) ..:9.:: ®
Blood vessel -
2 Permeability Virus

4 Infection of stromal cells or resident DCs / M¢s

o o Neutrophils

5§ Recruitment & orchestration of response

Plasma
3 Leak & edema

Monocytes \
: Mosquito sal e @ 6 Recruitment & differentiation \'l.
Virus \
. |
@ Mastcel \ Monocyte-derived DCs / Mds '
© ) Macrophage (M¢) ® 7 Infection ® ®
x‘ Resident dendritic cell (DC) . a l|
DC migration v
|
. Neutroph 8 To lymph nodes ‘XJ
© Monocyte
Virus e
X Monocyte-derived DC o ) ®
Disease 9 Drainage to lymphnodes @ @ @
10 Severity then to brain, liver, lung or other organs
) h: = 1 1
H13 FESRKFERHINEKXEEWRI % &K B (5] B Marieke Pingen
&, 2017

2220 R3] RO BRAR, FEREERAHALNY

REBE £ TR BE A mEAFIK, &&T#HF5%KE 72 h (Rockwell EM,
1952). T B0 FrE R R 2 E E W T 5] KR A 48 M Fe 4B BB i (Ohtsuka
etal.,, 2001), SHMILHEH T KK (Dietzel etal., 1969), M AEET &Rk Kk
MY R . KR AR X % & 9 g B AR B R SFV RN RAE A 153
WEST, Eop b R T R AL A S B SFV 7R Bk P B R S R R RR 4 A Y R
Z (Pingen et al., 2016),
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2222 #HFHFEM, RIRFFATRIP AL E

BREERIALXBEEF 2 X RBHAMANRLEH(L, LFERIENES,
BRAEHFERE R (Spiering, 2015). 4T, &I/ RN RBE R T KL RIE
GEAMEENIAME —T. LR EFRFE, MERERRE, MEXRRE
G A0 fh 4 /2 SFV MR P R AE A o, iR VT 3 F 2 L [ F (C-X-C motif),
Fofk 2 (CXCL2) g ffi/-%-1 beta (IL-1p) 9Kk, HB| % k4R
NI, XA FRHESRHME T 2R, I ELhmERRREET — M
S #4261 e #2 & (Scapini et al., 2000). 7 7 — AT %+, DENV R %S 5 K E F 4
K2 A AL 20 T B R B RN R E o, S H A Ae.aegypti "E R R 12
B4 (SGE: salivary gland extract) #7 7 £ # 72 7 s\ (Schmid et al., 2016). % /3,
T B LU AR W S 4 R R R B SOR 48 B AT, K E S AL O e B AR B9 48 e
# Z (Marovich et al., 2001).

B RRLE T LRI A7~ EREZ AR, BEEKRTRER
FRIEHFEMAAL, MR A AR AL BA A A 5 B 8] CHIKY R ey
FEEHAZ— (Heretal, 2010). [F b, 3520y 2 A% 40 B o] BT 72 R Je 30 Yy
FB A CHIKV R 4R 46 T FUN 40 JOBEAT o 5 RS S WY i i 22 A% 4 L P R R 30 A
“Trojan horse” 3 7] &b ¥ g £ 3 2| E b 3000, TS 2 F ™ & #Jk 7 48 £ (Kim et
al., 2003), #r A 2 CHIKV B #%)5 % % ¥ /& (Allaand Combe, 2011; Foissac et al.,
2015),

2223 HRAEFEARE, EhRGE RN T8, AR FZEME T
%

T MBI KRR RS A S BRI 2T, T 2B AR A IR E A
BRARBEETHYEGH. X TERNEWELEL T, BRI MR FE,
Anopheles stephensi 7T % B % 5 B & Z B A 28 fgvE b, Bk i & vE 15 X (Demeure
etal., 2005), % F| Ae.aegypti B ik 42 B (SGE) FE A 517 F& (R Py B 40 Al 2
BB A Ea e, S KSR (Schmidetal., 2016).

WTERNSFWAZFEFRTERT HENe 8 EE, WM T mERERE
TR AEAE, £ DENV BEFHRARBIEZELNE, WET ZmLH
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(Schmid et al., 2016). H #Hy £, Ae.aeqypti HY°E i i $2 BUA 0.4 1 BH &8 T & 3%
R G R AR /N RO R S R, X R B TR A R T o B PR
i P AR 2 B P AL R Gt T B R HE T /A (Le Coupanec A, 2013).
FOR A K RE BB TR T A A M o A 4 M S
Wit (Schmid et al., 2016). F7 A ix 26 % AT 72 8 T B0 F 78 i i 3 BT AR 37 1 A
K RER R ERE R, FEOREEHEN AR A MESG G R [ ETHE,

2.2.2.4 MH 5 £ 4 Mk R %9 R AL

FRBZ R REE EMTAFRREWNE — 5 5z H, R T =
FEAFMARIR T REXREN . AREREETANBANTEF£ZEK
MANATHEFNRAFIEEMH TR EAGOERN KL, RBALFI a4
B 3= B Am ik Bk PR ) 2 & | sk T %% iz (Diamond and Farzan, 2013). F i,
KT ARG B A B AR, S S R R £ R R R G B A U A
FR, X R F RGBT ER T ER T LB E | B THEREN &S,
EEFARFEEEANFERL T ERAEER, NTTEREEXRENARFER
% H & #| (Surasombatpattana et al., 2011).

R B AR VR R X R E R R M B R B MR R A i R AR BT
HHE R . BEHER A 1E T — AR TR B AL, DR B8 R AR B 1%
(Tyson et al., 2007), #{ F & 7 BvE R I F R F R R R 2Z R A, H BT HEE
N KT 4 R A 4 xR 2 DENV B Ae.aegypti #92& B R 4L 44T & A
" IR PR & AT # 34 kDa & B, ] LA 58 DENV £ A A B B 48 8 o B A

e R 0% RO A AEAMK R Bk, FT DL I = Fh R R R AR E RS 4
Bk, BREGCRHBEREL GBS £4/% (Nesargikar et al., 2012), Mk #
GoeN = E o AR 3 S K B0 40 e A0 B A 8 TR B AT 4 i N AR AE R ORR PR £
G5 R M B AR B 12 2 (Nesargikar et al., 2012). R & #Mk 2 G iik B 1R & 22,
R AT AT LE R it AR A e R B R AR R A

It 2 )8 = By # & Lutzomyia longipalpis, £ &k 4% 1 4] £ s Fn & R 4K %
% #vE % (Cavalcante et al., 2003), T Ixodes scapulari & — /"% & &——Salp20.
ZEAREN 5E L E S S B C3bBbP(E 1 C3 4L uE) & s #Mk
(Hourcade et al., 2016). DENV & Z iy 35 J2 AP 0 i 2 7 A, RE 4% o 7 [ A 8 19 H
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- BERRE, IMTHE2E T ERFTFENEE DENV F2E4E8 1
(Thiemmeca et al., 2016) .

2.2.2.5 BUIRAE £ X% B B 3E BT M % RO

BERNUEERNAEERANAREERERETEUREEERERA . DEILEHA
WU AR R TR R MR, e A ERE S T, AR AR
A 40 j A2 CD4 * T-cell 48 & 7€ A (Skallova et al., 2008) . & F "% & o ## o v i — #F,
XA SR 40 B B S AR R, (B R BRSO IROR FELAE A SOIR 4 R ey 12 A, T
A DENV RFHE, mERmA AR T, RS HHE R SOR 40 f A K
fik 1 7| etk B 48 By i£ 4% (Schmid et al., 2016).

B vk 4 j0 2 7 — A LR B A M, O R R R RO AR TE M L R OB
FEREE. WERCEWKIERA AT ES A RAE T8~ £ (Chen et al,
2012)Fn 3t k% 4 F & 15 (Brake et al., 2010), #2%E if ik 4 9 3 — 5 KA B oR, ¥
ERFTAEFENDET KAWIIRE B2 sb XX E S AT EE A4
K F % (Poole et al., 2013), X & ik — LB T 7 R v vk 0 B 4= M
FRIET BT EERMAGNBETNR KT ERLH ELH M F EFKRIEE S
R EE RN Y. T CNIRBT A ey o ge, X 698 ¥ gE T i £ 8y
TR, wEH A TS AR,

TR i X F 20 3 1 R T I B 4 B R A R A B9 3E R M SRR RORE o X TR VR R 3R
U 78 AR UK E BT T 44| C3H/Hed /N IR AT 48 e py T 20 B #4678 (Wanasen et
al., 2004), £ & UKk & B *[ SRR A T 468 f A B 40 fg A9 B T (Bizzarro et al., 2013).,
TR R wnv BNR G, WTER T EF R T AN R T k4 B
# & (Schneider et al., 2010).

226 ERAH SHBFMEENEFRANETF, TREFFRSE

CATROFMAAHRT M TERF RN 2 EREFRRNE T AR L HIR
B, RERERENERE S TN TER AL X E L MM xR
(Vaughan et al., 1999; Cox et al., 2012), H 2, B FrER F L4 F 7 DI EIF
EWEfH ) HILF WA LN S T — 45 kDa rER R W EREE G, BT
%R AP SGE By D7 & E Kk, 5§ DENV k& & 417+ 3 — 5 # 58 DENV
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A AL E g S ol 4 48 B (Cime-Castillo et al., 2015).
2.3 W% P B o B VR B SR BT R
23.1 EHFX

BT AKE E X HARE R R AR R OB P BE AR SR R B R R B R
M, B EERERNFAER B TET S 5 MRS (Kamhawi et al., 2000; Schneider
etal., 2006). i3t EEM A AP ER (Wk B, DEIWTHER) , EXK
R Ag £ R R A R R, P AR TR v 7 vk A X AP LR (Gomes et
al., 2008; Oliveira et al., 2015; Olds et al., 2016)., 7 LAAE %, i 3T f1]3& FE oF £ 4 5K
BT I SR A B S R PR R b Sz R

23.1.1 PREREEGZETX

VRO ER R EMA 2R i BAK, HFENK TEREN . "EREE
FHFNCRTIFL VR ERE AN, FREAERN AN 2R £ L7
HLH# (Oliveira et al., 2009). & & At E R 0920 A8 Th, A0 Fr A 78 K B Al TR
W P EBERA R, XGRS TERERAWEAT AT R EHTTER
L (Kamhawi et al., 2000). /NR. & K. f A0 E A MR 2 p e R AT A R T
— A R b 4 v R A 4 B AR A B % T R E5 (Kamhawi et al., 2000; Gomes et al.,
2008; Oliveiraetal., 2015). [F e, bAsEig A & a6 A 2 0% TR0 b 2 A7 sl
EHEWRAER D EM.

FBERZREWDBER T URF GG AN A X HEEHF 2R =289
FTERYE, FH, NX—WEFEME kK, FAERE B RDHAZEZRL(DNA)
J AT % S w7 5 4 FT LR R AT 2 R R By R e (Kamhawi et al., 2000;
Gomes et al., 2008). & & 69 B ik IFN-y & ik 8 3R & AL 48 85 ROR AR & B & H BN
T A B R Z AT B IR M % (Gomes et al., 2012; Oliveira et al.,
2015), KA ERE AW RZH BRI RKE A ThL B, AWEREF £ R
TR Z A % R . [B R, AR R rER & G % H/NER TR R AT
AN RIEER, BT Thl KA R REFAT 2 & e 8 k47 /E A (Collin
etal., 2009), &I, I #EvER & G PASP15 %X EFAMFIEH T Thl @A S8
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T B B R AT B R BR3P Z B B9 A R, TR R A/NFR S A R U B D E
AT X—8, RELS—EEHB TGRS K LI (Oliveiraetal., 2015),

2312 MEHEEFX

WAFAIBR P H 20 WRBRENE TERAN, EREFTLHFEREE, CFH
I 42 € 1k Borrelia burgdorferi (GE#/m fy 2 e fR), EMFHARERNAHE (
T m R F| % %K) LLRFHE ( Crimean-Congo H i #f2 Kyasunar 4k
7 ) (Neelakanta and Sultana, 2015). & %A f 72 4 ¥ £ g Rom & 09 v, (E0F
HAXM A EERE R RN R S XM Z a7 Il B0 EN, EERY
A R I8 o v T R E R

MREH, EREBEMEN G, ZMHELY 27 £ B UVERRTURTI RE
“i b % J% (Anguita et al., 2002; Dai et al., 2009), — 7 7] & fy 4% o ik 20 1] % 1R
& Salpl5, X & — 1t 15 kDa "# i & &, B A F5 4% f 5] & 2 1R 7 9 &AL 7 7,
£ 3% 47 %] CD4 T-cell 7544 (Anguita et al., 2002; Sultana et al., 2016). % Balb /¢ /)
RIUE4T T Salplb & & fi,CDs * T-cell #iE 1~ % #2787 4% % 32 /1N B A 8 AT 8
IFN-y, K& CDs T-cell & A MRB IR £ F X FEMEFA, EERFTF /PR
HH = A% £ 57 (Anguita et al., 2002), AT, WG enat 5 s L kBB T
Salp15 &7 C3H/HeJ /N i 7] DA 31 4 4 Ao fu 4 o 9% 55 Sk Tl 17 10 KB e i X ¢ (Dai
et al., 2009).

2.3.1.3 BFER KL E KRR

AN, MARRTHEETHTERE DN Z G AKTR, REALFEE
FRAMRERELIRZF EAH#T LI AR AR, A, £TMEGEBETE
Wb T A R LA oY R &, TF R Y T RO A A T RK P B S 0R RORE
"8 T [El (Oliveira et al., 2013), 728 3 # AT B 5 & M HAT B9 7 T 0L 52,
AR RIZIRE G G Huk KA A F BRI b R E R, B REBA RSB 7 80,
RN EEYERN, X458 EE T A% &E & (Doucoure et al., 2012).
X—WEERTHREERAREFHREEEN ANEELARFET TR
R R P A XA R DUEAA S 1 B 22 Rt
B AT 0 X o B IR B B DOV R R R AR ME . 0 ROIRR XTI T R B9 S R fe
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R RORE (V645 £ 3 A0 K HA B Ao SR B B ROBL )R — N R Ry AR, B X AP
IJEZ TN EBFRRIREEREN FIAXLEEREFRENEG R
i, BAEATIERE ZIKV %A SRR &R, B Eft Zm+ g2
B, DR R B UK ER R T - A A A ZMWE R (Reed et
al., 2016).

2.3.2 YA

EREGFEAFENZBHENIDCHA T EMNRFEAN, A% =Y
s V. B F K K% (Doucoure et al., 2012; Drahota et al., 2014; Caljon et al.,

2015), ik, EHZRARA BRI AAARHET X —FEN L E.
23210 XKFRBEWNEMBRIY

MR B 4H 9SG & B F — M RE BT T R & BATIDH 4T, 5 7 Burkina
Faso #1 Tanzania #y H &) & ¢ T # 4T 7 MK (Rizzo et al., 2011; Stone et al., 2012),
AR FEHE— R FET — AN B K gSG6- pl(gSGe 7 F HY —#i 4
i & & . % B 3 LB A B T2 4% 50 An.gambiae #94R1C (Drame et al., 2010). % 1,
B —FERE G ILHAAZ Angambiae #AFiC. Tox CES EREEOWEE T
An.gambiae #y/M&R 7| (Rizzo et al., 2014).

SRR B BT AR BAF 8 Ae.aeqypti BAPE TR BR 5] T R I 1 A B SRAT X I
FZ W% (Doucoure et al., 2012), & ¥T, & B Ae.aegypti B 34 kDa & i & &
B N-sm o] DU A B A FRORAT R ILEWM E A RA RGN, 4T Ae
albopictus 4% 2 7 1F £ k& G 1F A F B WA L4 (Doucoure et al., 2012),

2322 VERBEWEYRIY

F A ER LIMLT7 Fr LIM11 & & 2 7R 7] LUt A& 7 72 Lu.longipalpis JtAT X .1y
AR B (Teixeira et al., 2010), 7£ Lu.intermedia X 35 i /MK T~ 65 Bl X 26 & &
Ji, ¥R LIM17 # LIM11 2 Lu.longipalpis &% 7 M40

F Sh— b T B YRR A R E R A R I B B A AR AR 4 (Marzouki S,

2011), 4 JE# P. papatasi AT XKy i o LR AI'ER & & PpSP32
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(Marzouki et al., 2012). 1% & & £ 4 7& 72 P.perniciosus AT # X # AN K 64 L&
KR H|, X &K PpSP32 & G x4t P.papatasi IR R 24 RIMHH ., &R
WA R 1E, PpSP32 4 ik 3 Hi F| 1E P.papatasi & & HIAFICA, X %k B PpSP32
¥ £ P.papatasi AT B9 1 [F] # X 38 F 4 £ AR 54 (Mondragon-Shem et al.,
2015). =¥ xf P.perniciosus "ER E EHIT XS T F £ EH & G E N BAK
5 T 0 7 75 A1 % 41 (Marzouki et al., 2012).

3FAEKRR

AN EHRAAMEET ENERANRAEE, HUBRRF TN ERYREF £
TR EZFEUERE, WFHE/NE, KFE %, FAREFHAHFRE
HEZERA. REAAAR, xTHEEY =™ EWF TR E 716 K09k
BRD, AAARGABLR BB LA T EME. Flan, 4% £ ¥ Euplectrus
pennicornis X 4 & 7T A ik K 4wk 4 F & £ 14 £ 200 kDald 9 £ f## & & (Richards
and Edwards, 2001). Z /5 By 52 1 R B 2 b G AR FT R LA fE £ 40 e
AT A et F (Richards, 2012). Eupelmus orientaliset 4h = "2 ik 4% iF BH 2 5k B
Beig tE, FIEW&E G R A &I EFF K Doury G, 1997). K JEHE /N
Euplectrus separate 4y &k + 5 € 2| W frE g, R MEEHH, HERFF
B4 iR R YRR, A FEE £ (Nakamatsu Y, 2004).

ATHAUREEEETZHWEEXANRELRD, REFRYXERE
A % A % . flin, Cotesia congregate# 4 =&k o LB ¥ & T B X %%
(Adamo et al., 2016), RKFEHL FREFIE. 7/ 503 £ EE. pennicornisiy &k 4
W& H L ABEHIEATURBLARA T BB F RLE E4 8
(Richards, 2012).

4 ABROAFE RS KRB

FEBEFINHERE —MEFLMFEAT (F&. PDV., BHH LS
ENFEHRA, AEF ARG, RIEEREFETRARDIFEMLET
(Pennacchio & Strand, 2006). £ A< 5250 B9 B8] HAA 70 o oK, 8K /) o5 M Ak 2 1R
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HWHABEEE T ERGEG THTFAEESh N, EEWNFFEARANRALER
i (Zhang et al., 2011; Fang et al., 2016), 1€ 8 h E&RKIEFA L& T/, HZ 48h
B R, A n, ZH¥EFE 48 h 5 R T R AW T KA AT AR S kA
HEEHRANGTEREL? ARAENMF AR ERTCR, FERY HERFHESE
BREWTRAT R EAREFETERRA LT R B

NTERFRATE, BHEREF TS AR, JF B DU B AL s 4y
BEBEAEYE EFH#H (Musser, 2005), 1 [Ffh K B R ER & H WAL T F,
BCER G R H EZE FEER G-I FERAE R R R ENIE
BNE, AA R EREOWA R IATGIRE RFRXORGEN, LERNE
YR EMFE EREGER, RAL A FENAREMMATEEH.

HETH, AR X FTERBNABS IR REFEASMNEEN ) TAERR
¥ 4E A /N Pteromalus puparum B4 4h B A B F = 89 R R
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F_F KBS Y RERRERERT

RENTHRKBER. AT EMFNEERS . URTTHFNEMHTR,
HEOBRFEENMANNASRENRE, REE AN AT HLRAE, B
HERBROBY AR AT R L ERNERYRE T, BREREFF L
REAMAFIE, wHf, DE%ER, XFH, mEKREGE, FEHERRNREK, R4t
BAEEHGH, BARMAENEE, 3B BB EME £ M A E g E £
F#H. TURARRERN TERFEFTAEAEERN, AMALAN TR R
Y ER — R AR FER RS EREZF WA TR, BT - L4 mmE &
BUEEERBERT . KRERR X0 ETE L oy R B8R &/ oy 4 B,
KRR ERER &, ETREATRZE.,

1 AHBE ik
1.1 fiRE &

FAEBEHS O ETREANSI R FEX TR ALK MHEXL M
XE, FEFEL N EREFEHNETREEY, RAFLHEHEE: 25+ 1°C,
K EH#: 10 h: 14 h,

XERY R FARAFHENEETERENE R EES E s 5 B
G/ NEHRE—RENEVES. FERD G, ARFENERERBEE Tk
Fh. FHFEETFTRAFERF RN L, AHTANNFELEETEHEE +,
BRI E K (20 %K ED.

12 RERRERE

REYRERHXERE, ATRRY R, wTEH2fir, 2 1T
Rt Ee Rk E (R T XA E &L C e SDZ-IT A & F 47 00, —
Sl F AR AT T R AR R AT R AR, AR A PCB EH AR
ZEMR K FRA M FUHEIE, 1.6 mm 8, HEBXAYF TERFARIT, LLBT

£ % 0.25 mm,
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+ —_
K21 By N ERRERERBRTEE
Figure. 2.1 Electrode plates schematic diagram of insect larvae saliva
collection device
AR BRW—RRERERAR, R ERER S EREENERERURS AR
R SR EAR, AR S AR B AT, EREREHA AR ER—MEERER
& TAERER, AREREARERER —MEERERETAARER EHEREE
MERMEERL, ARERS AR ERELIEE.
A8 4P IEAR AR AR Am G AR AR AR 2 J8] 1Y (8] BE VT AR 4B A By B R 4h oA /NR T,
A8 AR IE AR AR AR An AR AR 2 18] B9 (B BEAR %5 o AR SEGe | B BE % 0.3 mm, 7] ]
THR R /N B A T R B /DN A R R RO o (] B R R 4 S P Sk B A
PR AR A GARAER £, HF R R4y R P4 A5 EARBEAR A SRR B A

1.3 "ERXEF %

T ERE I RE N EE, RITRR S/ 4R, 5 PBS Bt =&,
T0% B EE—#, FA PBS Rik=#®., ¥FETHEENY RRELERELHE
ARELE, BRAFRENEAE 6h 5, HHLE AR R Z®RGRXEER,

KEFHEHEUT IR, TR 1 8 THTOCAEME A 50 Hz fo s i 4 2.5
mA W ESKETHER, BEER 2424 FEARTNE LY EEHFHR L., F
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B2 REHEMEREAESOHZ A1 25mA A4 15s, EES 40 BAR LI E
BN R, A5 AR SR E R B ER N R PR 3 EREE RN A,
— W S I AR BB 0.4 l £ 4 B4 1X % & B8 7 %] 7 (ProteinSafe Phosphatase
Inhibitor Cocktail (100x) , TRANSGEN BIOTECH,China ) # Pringle’s
phosphate-buffered saline (PBS) (pH 7.4)7% ., /5 B W BUE R /N R IR

1.4 SDS-PAGE

BERR R 12 %l E B 5 %R ERFER. UL 50V B EHTER
HKERBEHXANSER, WABREE 120V, HERHEZHERKN, A5
R A B O BE A IR 2 30 min B, FIELERLE E A EN, A

i
%?r

Eﬁ;‘% e 7
=

#% #2 3 3¢ Student’s t-test H AT M, P<0.05: ZR T F, P<0.0l: ZFHR T
¥ . BTA %t 1£ A DPS(Tang and Zhang, 2013).

28R
2.1 BERANMT FHRERXERE W

FKESE | Ao FIE 2 TR 2.5 mA”E T B IR K &Sl mA 53 4 mA”, H
AE & —FKE, FINEMNEHELT X 2.1:
* 2.1 BRANGTHRERXERENEH

Table 2.1 Influence of current on larval saliva collection device

BEE (%) HRPEXA BERE HRERADN (um)  FAHKE(ug/n)

1 mA 98.2+0.83a LA EE AL BMAESE  23.977+2.490 b 0.1239+0.008 b

25mA  91.6tl.14a FTEHELA 4 66.566+9.562 a 0.4972+0.008 a

4 mA 58+6.04 b wERMEE A BIEHE 6493248301 a 0.5115+0.008 a
=

The data are expressed as mean + standard error (n = 5). one-way ANOVA and Tukey’s test (P < 0.05).
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A 1 mA, 25 mA, 4 mA &5 T, KEREHEN/ DK ERFERE
4-20 %SDS-PAGE /&, #&E, F2UTHEHAF. aE 227 %, ELEEHT
BerEREAMEEZ MW, BEEASGENE ImMAAHTHIRENEEGSER
K.

l
N
il
»
>

g e .

180- s

135- [

T00- W . e e
75- W ¢ W
65- T — '
45- .- l--f .
35-umm = ‘.

25— i
1% e
10-m T : ’

B 2.2 HEEE4 /N4 R R B SDS-PAGE 447 CF | B35 B35

Figure 2.2 SDS-PAGE analysis of Pteromalus puparum larvae saliva.

22 BEHENTHRERREZENPH

WSR2 PRFFEM 15 "R RS s A 2587, HAKE B, IUEMN
M E T & 2.2:
%22 BT EN T RERREZKENT T

Table 2.2 Influence of shock time on larval saliva collection device

BEE (%) HKRBEEEA BHRNE HHREEAND (pm) ZEEKE(ng/n)

5s  98+0.7a TLHA R A AL % Y5 34.139+£3.470 b 0.3227+0.032 b
15s 92.8£1.3b T B A AL % Y8 55.31749.792 a 0.6312+0.024 a
25s 71.8+4.7¢ THE & % Y5 57.278+8.025 a 0.6770+0.060 a

The data are expressed as mean + standard error (n = 5). one-way ANOVA and Tukey’s test (P < 0.05).
GRIE 5 s, 15 s f1 25 s HHT, WERFHEN/DEKR ERH L
4-20 %SDS-PAGE f&, R&mM, REUTHEF. @E23 T/, EFEKHFET
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FoF KRS EYRERRERER T &

WL AR B ik XX

R E Atk — %M, EEOEEME 5

55 15s 25s

s A TR E 8 e ERIK.

180-
135-

100-
75-

65-

45-
35-

25-

15-
10-

‘-._ —
K 2.3 BEEE A /NE 4 R ERE G # SDS-PAGE 447 CF [ ®. B8]

Figure 2.3 SDS-PAGE analysis of Pteromalus puparum larvae saliva.

23 FAMIFA AT 4 HERRE T R ARH
WHUH S R 3 P& GBI A, BT BRI T B R B e R R S

FE s, BmHEHEIR,
25 mAFET, KERASKENDNEIK, 2AFREESHE GBI F
% % 4-20 %SDS-PAGE

5| (fEE H“PIC”) Fuzk &4 PIC HYBEEL 2h 2 Wl "B R Z
Jo, REtHE, BEUTEA. BE 24 74, £R4E5F PIC R H &R+,

ERHE RSB AT ORTER, HEHMNIRER.
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PIC FEPIC
hpm gt

180-
135-

100-
75=

65-

45-

(| (1EN

35-

B 2.4 B4 /NE L) b ERE H I SDS-PAGE 44T (&M PIC)

Figure 2.4 SDS-PAGE analysis of Pteromalus puparum larvae saliva.

33tk

AFRINTHRFE/NEY SRR E T AMKENERE, RERENE
MR F A B LR &, ZREAMEY 50 Hz MR A 2.5 mA By 5
KITEEKXT RS 15 s TURERRS Ko/ NS RivER . ZRETUE
BEEERAERANBEAENRE LN B RY R ERRE EZRENTHT
AE-ENMEBDNENERZERAAL R LE R Rah &, 7 UIRANLAE AW
BRI o g 25 A TR R o [B] A R B BT 3 B R B AR, BE T R 8 3B R R IR BURE B B
AL Fo

BHBEAXHTEERAUTILRRIE R ERN TR, FF 0T REHA
BERGROEQUMN T EEER (1) HEGYRFERT O EL W (2)
W gy kA B st EBETHIRFEIRA L 0 L uwbr; (3) @A & & ok,
KRR TR E ERE T EF, —HARKERRERANSEEH
g By O, Bl R ZEF. BN THREEPNSAE 4 =,
o NFEER, ERFTHEHTERBRAEN T EL W REE R ER T EH
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EA % B (20 mg/mD) 10 pl T ARE S Dermacentor silvarum Olenev % i W ¥
MR, T EERR SRR, FELE E S E 30 min, T AEMER 15~20 pl/
(R EM S XA, 2006). 7 —fp i K ER R TR R A F B REE N
HERFEFA, B MERGEEERRE T E, ZHELTERI B E, TH
oG 4 e, 8 W[ DLE S A A, B4 [ O AR B B T L R R RO R VT
SR (FEF, 2015). Z A E W A TR ERLME =, wiE CEA F(ERE, 2016).
T RIR A B e K E LR —fF Parafilm ERE R %, TR K ERE G S
ERBABOTARBCER, ERTERY AL, T ERE AN ER(E
e &, 2016). & 50 T — LB RAR 4 B B A 7 (BB B ok ] R BUE AR R R
T REB . AT RBEERKE 7%, TFEMRE, TR HGEE, 7
UEEF R BT 2EAMETRER, B— BRI FTETREENTE. XN E
W TR R E A
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WL AR B ik XX FoE RS/ NEY RER T E AR EEF N

F_F GRS EHRERNTFERRNEEF W

FEBAEFINWE RS —MRE S MEFEET (F®R. PDV., BHVHARSE)
ENTFEHRA, AEF ARG, RILEREFETRNRDFBERALE
(Pennacchio & Strand, 2006), 7 A< 2 5o B 5] HA81 5¢ o BoR, HEOR & /N R Ak 15
HWHABEEE T ERGEY THTFAEESh N, EEWNFFEARANRKALER
7 (Zhang et al., 2011; Fang et al., 2016), £ 8 h E&HRIEA L ZE T/, EE 48h
Em4EKR, AL, ZEFAE 48 h FHF EHEAW TR AR H KK
HE EERNANHEERA? RRALEMTRARLERTOR, FEEY ERFHEE
BREVTRAAREAAEFEERRALZ XN AL, RERKF S

/N HE oy HR PR R RS B R R A B R A RO R R B R B R T A L, DL B
WK AR THIERMEEX R R EEM ST, FANTEEMA.

L AR5 77

L1 iR E

WG/ NER SRR AR R E F LI
12 HFRRERKE

Vg sl 5% B E, BT RERERHAUSERINEL L, BEELHE
HWPBSET (hEEFAETHE, WEE S PBSH 15ml B UEF, 4°CT,
8000 g B /4 20 min. H /0 5 E LFEBTE &K, T PBS M B R 38 2R EAF AL
"ERRETARF —F 124 1.3,

1.3 Mk BkE

KWtk B R T5%TEAE H B E T, Al Z @B R B i E A Parafilm FE -,
WEHRKEDKRE, B—AAEESAEE, ENMNEEF S LYW DKEA
PBS % E 10T — M 15m BLoEEH, BTk EEFA.
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14 ZERENR

EaREET BCA 77 &80, K7 & % PierceTM BCA Protein Assay Kit
(Thermo scientific,USA ).

1.5 AT FEAN

20 fE 5 1= F 4 F] CellTox™ Green Dye (Promega,USA) R #l & # AT, &
TR KA U TR R H#ATERAT RN E . L 10 ]l BRI MMKE, Jo
A 30 ul PBS, % /a A\ 10 ul B B # CellTox™ Green Dye 2% 7, 700-900 rpm
E % lmin, £ 27°CHE A4 F#AHE 15 min, ZFMA 10 ul ZBRAEE (BK
WAEWT), BE 1h G, A 485-500 nmex/520-530 nmem | & E 5% K E . 2 il
FHO05h, 1h. 2h. 4h ZEWMRALE, EMNEEE 3 K. BT maHAEA
= a
SERRELAA: 10 ul 500 pg /ml B #F 4/ NEER E B 10 ul 50 pg /ml 2 5 4
/INEERER B 10 ul 5 pg /ml B2 N EER & E; 10 pl 500 pg /ml FHE E;
10 pl 500 pg /ml BSA  (FAMEATFE); 10 ul PBS (= @B, 10 ul 2w (FEdE
Xt EE); 20 pl PBS (A~ m 28 B Y )

1.6 1 40 FEFE & 6 7 A

£-BX 50 pl F B ok B4 Bl v B A LA 150 pl 89 TC-100 B s 20 jE 38 7~ 7R
96 TR AR AT+, BH 15 min FmAEWEEE, HTERKEH
" % 500 pg/ml. 50 pg/ml. S pg/ml # &3 10 ul 2 Bl MWAFEIL A FGSAEELE),
WA 500 pg/ml BSA A AWM, vl YEEZRE G NEEXME, mPBS H %
BB .27 CCHMIERB TR 1h FET Leica Bl E BMAETHES ML,
GUERBEIANFREMAERY WAL E, THERE,

1.7 o 40 e /6 2 66 0 R

WELW S E (BT, 2017), 29 150 4~ Sephadex A-50 ¥ F(Pharmacia,
Sweden) A1 B 10 pul 349 8 4 &= fi ik 2 5 100 pl SF-500 B =35 £ (4 D& PTU)
RAFMNEA 1% EEH AW 96 LR F. B AER 500 ug/ml, BSA 500
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ng/ml, & 500 pg/ml, 7 27°CHfEE =4 M E Lh. 2h, 4hF8h &, Wk F
aE R FATAEITE.

ATHRAERER, HEATHELEEES KR 6K (0-55), AEFREE
BF XA RFR, B THI3L fir. aREEAT 0 EREHATHE,
WHF®ER: QBBH=1Y (BHExZEHFTAEO / A T FA-2x5) 1 <100
F X, 2017),

- O

K 3.1 B RS ZRRE
Figure 3.1 Classification of encapsulated .(A) Class 0, (B) Class 1, (C) Class

2, (D) Class 3, (E) Class 4, and (F) Class 5
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1.8 1 %% B B 8 A Al

S HB(EE,2012) #yHE, FmkEL : 3%HBT1L5mI&ATBS (pH=7.4)
HTA B CES, ol A NEEr RS S, BRETBST B AR E®RK, M
MR WMAE FB A ST DR e R T B AN Af B Ak
H I AR
X PPO #7E B %R -

10 pl TBS (42 pl# i itk =)

10 pl TBS (42 pl# i ik B.570.5 ug M. luteus)

10 ul TBS (42 pl#E mitk = . 0.5 ug BSA #10.5 pg M. luteus)

10 ul TBS (&2 uif Ak B, &K #70.5 pg M. luteus)

10 Wl TBS (&2 pl#f itk B, 1ul PTU #20.5 ug M. luteus)

10 Wl TBS (&2 pldf motk 2, A [E 2 & oKk & 8 0y P #10.5 pg M. luteus)

25 °C E20 min /& m A200 pl L-Dopa (20 mM, ¥ FPBS), 7470 nm%
ETE4HN—k, —&££N120min, EMEREE3 K.

EERENER, XAUTEANE. 10 n HENDKE S5 il #& (&
FrER . HK. PTU, BSA 2 PBS) , 5 pl #uE 7 (0.1 pg/ul M.luteus) & 5 ul
JEHE R (50mM L-Dopa 7&F PBS) il A470, # A E % & 5 min —k, 3t
M 120 min , EAMEREL 3 Ko
PO BLvE W

EEEENER, XHUTHRZNE, 10 Wl HEH MK E 5 5 ul #iER (0.1
ng/pl M.luteus) 384, 25 °CiK & 10 min, RGN 5pul B & (GHFER. T,
PTU. BSA f2 PBS) , X 5ul K47 & (50 mM L-Dopa # T PBS) # il A470,
M E K E 5min —k, H£EN 120min , EMEREE 3 K

1.9 %) oV R 1 B 20 E

i 7 R WK E A 500 pg/ml. 50 pg/ml. 5 pg/ml X A-45 R B HY AT A
BTN EREEENE R, KBETET | ml A EREF, EHREXN
HAEKH, BAMNEAERBEERE OD EAH 0.1 £4, #H. ALEH 50
mmol/L # R #h Z Wi (pH 7.0 ERE O RERBERNTRE, ¥ 8 ul WEK
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FEAER AN 384 FRF, BRENMLFMmA L pl FETEAERM 41 pl ot
PEFRE, BAMERSAEEL, BLWBRNE 600 nm T EHEHNRLE. ¥
KA ME R CERAEREE N A, R T NP B

1.10 FELAT

v R AT T TR 45 AR B BN 820 3 3T Student’s t-test #HEAT AN, EfbIgARE L B
H & 77 = 7474 Tukey’s test 1 illl, P<0.05: =7 T #F, P<0.0l: ZFHREF
BT & %5111 A DPS (Tang and Zhang, 2013).

2R

21 RFE/NEY RERYHTE M AT E

S e/ NEYEERN T ENARATETEH. HE32 T8, FE5M0
MR A 2h a5, "ERKE N 500 ug/ml A I fo i Kk E 4 500 pg/ml AL A,
mAAfA T ELE 80% AL, GHNREFEEREZR R ENMRES 40,
"SE TR R E A 500 ug/ml 50 pg/ml F7 Spg/ml B9 AL FE 4, o 28 f 3T T % 3£ 2 80%.
8% 35% kA, SHBAAEEUER, HFT4KE A 500 ug/ml B, &k
5 0 20 BB BB R = — B o S EL I A ROR B P (R X i 4B BT T
RO DB T EEEHEZRFERIFLEREE, REH 500 ug/ml K E
FA VI VR AT J i

mm 05h
100 a 1h
a
a a a
2h
4h
=
o
[«5)
@)
— 50 a
S b
> b
b c
b - a a
_ c ¢ b b P I a a a a a a
0 I - I . 1 1 . L) . 1
saliva 500 pg/ml  saliva 50 pg/ml  saliva 5 pg/ml Venom 500 pg/ml BSA PBS

B 32 ke Negy ERATHFENARATENIH
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Figure 3.2 Mortality of haemocytes in Pieris rapae incubated with venom and
saliva from Pteromalus puparum larvae. Data are presented as means = SE, n = 3.

Significant differences indicated by Student’s #-test (P < 0.05).

2.2 RGNS BB IR B a0 M EE R

MR o NHE S R VERE ST T M E . BIE 3.3 WA, YrEOK
& 77 500 pg/ml, 50 pg/ml. 5 pg/ml B, 5im 4R A | h v, Zxfim 40 g ey 5t
BAHDIH MR, BFRKEE AN 500 ug/ml B, GmaEE4A1hk, Extm
20 L BN FE R R B AR o S L v R B Y M R it 4 L JE B AT A R B
[ B[] Y 34 i Ao i 4 AR AE S A0 41 2K R B8 . BSA A PBS XA E i 48 L FE R T

ROV o
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A 0.5h 1h
100+ 100+
a a a b ab
S ¥ b S c
o o cd d
T 60 C T 60
A 1.
& &
2 01 g d & 407
© ©
O 204 O 204
0-
> Q N 3
&(‘\ & Q\& &é\ Q‘b% o
KON S N
& & ,§\4’b @o’
5’2}-\ > ° 4‘2;00
2h D 4h
100+ 100+ a a a
80+ b
b & b

Cells spread %
Cells spread %

Bl 3.3 RIS/ 4 B X T 9 = o 0 e R R R
Figure 3.3 Effects of different factors (Pteromalus puparum venom and larvae

saliva) on Pieris rapae hemocyte spreading. Data are presented as means + SE, n = 5.

Significant differences indicated by Student’s #-test (P < 0.05).

2.3 BRUH /N oh o R AT = A M

AR A NS g B TR E MR ER T, BIE 3.4 3.5 ¥ 4, 500
ng/ml, & K B A /N v fn 500 ng/ml F RO T A e A v —
B, HAENECENRE, HHEERESEMITE R RERE. BSA ¥ THEm
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M EETR

i
B 3.4 BIFE/NEY) R ERNTHFE N4 HERNDH

Figure 3.4 The effect of the saliva of Pteromalus puparum on the encapsulation

of host blood cells. Hemocytes were incubated for an hour in 96-well plates after being bled

from (A) larvae saliva, (B)BSA.
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1h a 2h
X ~ 100~
g XX
X 804 <
3 b 3 801 b b
: : il
S 60 b = 604
= 1 S
2 40 E 40-
%) >
% 204 8— 204
& g
0= L 04
NS N N N \ \
Q&Q ¥ @\& N & N
s & s @Q QQ\\/ &
*\\@ 6‘00 Q;.ov \4‘?:0 0(\‘0 (o%
= K D 4@6‘ Q
4h a
2 100+ b b
< ]
3 804
e]
£
= 601
2
T 404
>
(2]
2 204
[&]
c
w
& & &
S S S
o¥ o¥ o¥
) S S
3 3 S
N N &
2 «K©

Bl 3.5 YRiE& /N 4y soB B T 9 = 2 e m R
Figure 3.5 Effects of different factors (Pteromalus puparum venom and larvae
saliva) on encapsulation response of hemocytes from Pieris rapae. Data are presented

as means + SE, n = 3. Significant differences indicated by Student’s ¢-test (P < 0.05).

2.4 BRUE S /N oh ok VRN ] A bk B AL

BRSNS 2B T H X MM E RME P, HEB.6T A, JERIESA
SR, B e /NG R ES N T H ERUFWHEA.
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PTU+M. luteus BSA+M.luteus Saliva+M.luteus

3.6 VEREST SR &/ N 4h RER X T FERUH R
Figure 3.6 Effect of in vivo injection of Pteromalus puparum larvae saliva on

host Pieris rapae melanosis

1.6+ — Saliva 500 mg/ml
— Saliva 250 mg/ml
149 — Saliva 125 pg/ml
— — Saliva 62.5 mg/ml
[ 1.2+ )
c — Saliva 31.25 pg/ml
S 1.0 — Vemon 500 pg/ml
kg BSA
e
o 0.84
[&)
(2]
(5]
S
S 0.6
LL
0.4+
0.2+
0.0 | | | L T L] L] T " L

0 10 20 30 40 50 60 70 80 90 100 110 120

Time(min)

3.7 BR4E /N 4 kPR WK FF £ Wk B PPOYK VE B B9
Figure 3.7 Effect of Pteromalus puparum larvae saliva on PPO activation in the

host Pieris rapae hemolymph
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2.01

1.8+

i a ab
1.6 be

1.4+ ¢

1.2+ c
104 [

0.8~

0.6+

Fluorescence(470nm)

0.4+

0.2+

0.0

B 3.8 BEIRA /N 4h R A £ K F = ik EPPORUER " (120 min)
Figure 3.8 Effect of Preromalus puparum larvae saliva on PPO activation in the
host Pieris rapae hemolymph (120 min). Data are presented as means = SE, n = 5.
Significant differences indicated by Student’s #-test (P < 0.05).

BT 4R 3.8 747, 500 ug/ml. 250 pg/ml. 125 pg /ml & &K & ##
W e/ NECER AR AR 2 PPO WUE,FE S BSA R AMBAERFEZR,
62.5 ug /ml, 31.25 pg /ml & & K & 6 85 45 4 /N 46 v 7R 4 A~ B 40 %) 3 PPO 0 .
5] VE P HL AR, 500 pg/ml B B R B AR HE A /N v R B 4T 4 VE M B B2, 500 pg/ml
FHKZ, 31.25 pg /ml & AWK E R E &/ NEERWIMEEE KT, Bl &
W R Ak B PPO v B %7 ve R R B R T R 5T

B E3.9483.107 &1, 500 pg/mldk 5 ik B 8k 5 4 /N 5 5 i 7] 40 | o itk 2 PO
G HEBSAR S AN BEAEREMEZR. 50 ug/ml. 5 ug/mlik &K E 08
G /N R 34 T BE AT EPOYE M . 500 pg/mlE b TS BB 3 ) B A £ fn 48 BEPOE
{E
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BT A5 A & F A6 X FoE RRe /YRR T ERA N AR SR
1.5+
1 ~@- saliva 500 mg/ml
- saliva 50 pg/ml
~+ saliva 5 mg/ml
=¥ Venom 500 mg/ml
—
A - - PBS "'/5’
5 071 e prU ’,gi"‘
N = BSA o
5 =5 ’i‘
: e
: ZE5
£ s I
bis
|
Z= 5
0.0

Fluorescence(470nm)

40 60
Time(min)

80

100

E13.9 BRiF G /N e 4 kB RXS 3 bk B POE M Y B

Figure 3.9 Effect of Pteromalus puparum larvae saliva on PO activity in the host

Pieris rapae hemolymph

120
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B 3.10 S /NES) HER A FE MK EPOTERK R (120 min)
Figure 3.10 Effect of Pteromalus puparum larvae saliva on PO activity in the host

Pieris rapae hemolymph (120 min). Data are presented as means + SE, n = 5. Significant

differences indicated by Student’s #-test (P < 0.05).

2.5 BRIF /N oh R R W 1A

B SR G, R /0N 4 SRR LR AW VE P o B0 T R VE I BT R T AR 2R
Aoz 3.1, #ATEHMEZREE LEMN, HEFATE. 2HEHHRE. A
ks KEMEASBEEEE . AR EFRAA e RN A REEE = KK
B, KB AREREZEEREZE = RIAEE . £ 5 5E e/ %y =g
ABRARFNWHEETAL, ML =M A RATNMEE, B
R T v A v 5

& 30 WEHEBETAEMER

Table 3.1 Bacterial species used for bacteriostasis verification

w1 4 X4 GRS BRI E
Bacillus subtilis T EFRATE &= RFEEE 37 °C
Staphylococcus aureus o H B A R ELRKMEEE 37°C
Escherichia coli e ] EZRAKE 37°C
Pseudomonas aeruginosa RFBRERE ELRAME 37 °C

B e/ N RrER N THEFRAEAFMEEE. @ THE 3.11 74,
LrER S HRIE A 6h G, S ERNERE T2 2R EHRENHE LA L=
Z7, HMKEFA®ERBA. BRRSWEEE 10h LA LR IE E .
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0.25+
0.20- NB
NB+Bacillus subtilis
500png/ml saliva +NB+Bacillus subtilis b
=¥ 50pg/ml saliva +NB+Bacillus subtilis
5pg/ml saliva +NB+Bacillus subtilis a
2 0.154 100pg/ml Amp*+NB-+Bacillus subtilis
©
>
o
S
©
a c
O 0.10-
0.054
0.00 .I T T
0 5 10
Time(hour)

B 301 SR/ NGy ERIWE MR (BMEFRATE)
Figure 3.11 Verification of the bacteriostatic activity in the salivae of Pteromalus
puparum larvae against Bacillus subtilis. Data are presented as means + SE, n = 5.
Significant differences indicated by Student’s #-test (P < 0.05).
Ko/ NEHhEERN TR e A RE AT MEEE. B/ 3.12 74,
LEREWEHERE 6h)E, S ERNHRS NS ERNERENREHAEE K
ZRk, HMREFA S EZRBA. "ERB WL 10h LA E G,
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0.25+
0.204 NB
NB+Staphylococcus aureus
500png/ml saliva +NB+Staphylococcus aureus a
-¥ 50pg/ml saliva +NB+Staphylococcus aureus b
5pg/ml saliva +NB+Staphylococcus aureus b
g 0157 100pg/ml Amp*+NB+Staphylococcus aureus a
S c
o
o
©
o
O 0.104
0.054
- =
| ) —
[~
0.00+ T T
0 5 10
Time(hour)

A 3.12 SIS Ny RERNEERE (2R ETWEHRE)
Figure 3.12 Verification of the bacteriostatic activity in the salivae of Pteromalus
puparum larvae against Staphylococcus aureus. Data are presented as means = SE, n = 5.
Significant differences indicated by Student’s #-test (P < 0.05).
B/ NG BRI T AR A KRB CHEMEEE. B/ 3.13 74,
LER G WERA 10h &, Z®mEEKRE 500 ng/ml (W ERA FEEEZR. B
REERE 5 pg/ml "R REMERSERNERLEEZ 7.
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0.3
LB
LB+Escherichia coli : a
500 pg/ml saliva +LB+Escherichia coli /. a
¥ 50 pg/ml saliva +LB+Escherichia coli g
5 ng/ml saliva +LB+Escherichia coli -
100 pg/ml Amp*+LB-+Escherichia coli
0.2
(<5}
=
<
>
o
S
© t
[a] Yy
o 1
0.1
T = P
OO ! L} L]
0 5 10
Time(hour)

B 3.13 SRME & /NS BB AW B CRBR A KED
Figure 3.13 Verification of the bacteriostatic activity in the salivae of Pteromalus
puparum larvae against Escherichia coli. Data are presented as means + SE, n = 5.
Significant differences indicated by Student’s #-test (P < 0.05).
BRI &/ NS RN TSR B EME AR EEE. BE 314 T, 4
"ER SRR A 6h G, SERNERS T ERNEHRANHEL AL FEE
F, BEKEFSGEZRRA, "BRREGWEAE 10h LA LRI E G,
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0.201
a
NB b
NB+Pseudomonas aeruginosa b
0.154 500 pg/ml saliva +NB+Pseudomonas aeruginosa
=¥ 50 pg/ml saliva +NB+Pseudomonas aeruginosa a c
5 ng/ml saliva +NB+Pseudomonas aeruginosa
o 100 pg/ml Amp*+NB+Pseudomonas aeruginosa b
S
>
8 0.104
(e}
o
o
0.054
0.00 T
0 5 10

Time(hour)
B 3.14 S S /NS O ER I E R BAE GREBRERE)D
Figure 3.14 Verification of the bacteriostatic activity in the salivae of Pteromalus
puparum larvae (Pseudomonas aeruginosa). Data are presented as means + SE, n = 5.

Significant differences indicated by Student’s #-test (P < 0.05).

3 it

AEFRI AR TRFRRAET B4 /N4 R T % £ o 40 fo 40 g %
o Fo R TR S T B R o B R SR T E, SRR /N 4 R £ A S T
EHEEWE, 25| RE T MMMFT .. wihF £ HEE. pennicornisi"E ik 4 b4y 4 &
%y 7K % B A I BR FT LAAE 18 40 B OB T A0 BOR AL F R AR = 48 B (Richards, 2012).
M CEAERE QAT T ML EEFL, £64 RN ERZAT, ERES
N12, N16, N128FuN1435 5 A KME ¥ F oy 4L, M N140i% - Z &, N122
RN & E (Rao etal., 2019). ¥k 35 & /N 4l o v L AE 45 30 ) & £ i 20 i o JE R
#of1 % . 1EHyposoter fugitivus | Malacosoma disstria ¥ , & 424 hJz i 28 fi 1~ 88 &
o5, ER3 K25, ME MMM EHH EFA, @EENEEIKE(Solz &
Guzo, 1986). 7 AMB K 72 3 A 5 24 W2 J5, ¥ i 4 ek 474 & = &4 & RUIE,
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REFRAEE. w53 4 ¥ Euplectrus pennicornisit 4h &2 7] & & B 44 F B &
14 % 200 kDald] #7 % 7 % & (Richards and Edwards, 2001). H ix 43 & &4 % 7
RFCABE E £ o 48 AEAT 4 B9 4 H F (Richards, 2012) .

ERBERZTE, KF /NS BRI WG T MR E RN, #EFES
FREFERBERMILT. WwAEEHEE £+, PPOJE M 5 X L.decemlineata,
Melanoplus spp. 1 & 3 B 4 & &9 7114 & > (Felton et al., 1992; Castanera et al., 1996;
Alba-Meraz and Choe, 2002), 7 © 2 "#i& + 4 N E| A E AL 7B (B KB, 2
R ANE, ANy, —mn - AHEMIEMTEE) o XELeMET
AERZENEE, REERC 2T RNEANE (wRatEs, TA MM
AN EATE) o X LAY T DU I D I AR B B R A, B el
EEYE S 55 W E — 1z {7 (Baxter et al., 2014) . &1 St 3 W ik 47 &) B A ab £ &
Y R ERNFE.

R B A T R, B RSTRBIE E0E IR, X2 £ LR RE
R RIE, o, RRKEREREN ST RERE THAAE 2T MK
BRERHEURGET GG MK — R ANRED TR iFaTIARE, %0
P B R TR R #2158 P & L B BR U 7 1 B & B (Ribeiro and Avrca,
2009), M THARTE, FALIBRLIAMHTE, FEREMENFINST
REEBRYERFTE, FRFTEETRAT. FAUTHRREDZETRFEHEK
. EAIME RN, IEREES  NEY HERN THEF TR, 2 HEE6HE
REAAFBERNEE T MEE S, ™ Ao, S EROFAET ENEER
fERl . B, 7EHelicoverpa zeady ik H E. & E L T & 1 W JE M 47 it (Musser,
2005).

AX B B R, R M B e e RT DA S TR A A S R b i, SRE AR SR R W
Byt B R MR M. R A FEME R LR TR £ XA,
T VB R B A — b B AR B T A A v AL B A WP VROR 64 (Ribeiro
and Arca, 2009), M X T AR M E, MNAERTHRTFEAEMITZELE
RAEFHLEFRZ — M THEEBRRNTREFEEY) 2RERYH L2
BT = A& B %t 5% . 1l 4m, Cotesia congregated 4 = " 7% ¥ LU 7 3 = WU BB B 0%
(Adamo et al., 2016), fRIEHE TRBIFE. &2 L7 &1, S 4 /N4 oo g 7 i
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TR B> REGTRARTTFE LR AEDARILT. LR, GER MK
BEEA, RETREFE.
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FUE LFE/NES ERN T ERFIRENEH

HEEXLRERBN T, RAERF AR S, KEe/NES) RrE g 7 # T
WEAER RO M EmERARTHFE L RCEDNARA T, LR, €EXDMKE
B, REFTARFE. MEES N EYRERNFEN 258 LMD RNF
H—FRA MEENEEIARANEE R, RRAMERAFWAE R A E#H
B, ARMNA-FTHRERARBERALFF. KEF, RINEIL L TEHERS
PBS 1~ [ A 2 s oy 5% AL HAE, AT SRR & /N A R T H XM A
RIEWRE, HIEEmTE R A,

1 HREF %

1.1 5 B o

R e/ NE R S B4 R E B 2 1L,
1.2 ERFERKE

Fl& =% 12.

1.3 Z R ERN

Fl % =% 14,

1.4 LR G RANLRE

TR 2H 3 ul & 0.03125 pg/pl B F MR H F1 2 mg/ml 5 4 4 /N EVE TR R AR
#1 PBS A 10 pl WA AT 8 (Ligmel) EA AR EE (H5 4 ST);
ATBEZE: FF 3l 4 0.03125 pg/ul B MK A9 PBS R A 10 pl k2 7E 4t & 0% 4
ANERER (MEHPD. FHBEEMKERATHRETFEIARASR, AT
WY F O K& ST N ER ST EER.
IRAGHEHES 3R, EHRIRNAMNTF.
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1.5 & RNA W B

X Fl Trizol 3% B RNA ,3f fl NanoDrop 2000 & % 4145t & i1l RNA
i i R JE

1.6 SCEAM A E AL

A FE R 7 #  2 vE ik & A B0 R 8] (Bedjing,China) 78 . i
& &4 89 >CE A Nlumina <F & AT F . 07 KA PE150,
LR T

bl

A\

j-tesy) ERNA } RN
‘ FIFAOligo(dT)EE ‘ ‘ £ISRNARE ‘
mRNA mRNA
HERL
YR ER

| Fmiss | MADEL

¥

MRl

& 4.1 LB E

Figure 4.1 Experimental flow chart

1.7 5 R A

MFE RS H L ErEERAEARAE (Beijing,China) 7 K. FIK
Bz BT R E T
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RETIES |
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Figure 4.2 Flow chart of information analysis

1.9 £ & PCR %if

£ & PCR XA iQ™ SYBR Green Supermix 1& 7| & (Takara, Japan)#t1T#

Y&, 1% F L% 2 BIO-RAD CFX96™ Real-Time System (Bio-Rad, USA). &
PCR BT R #9541 7 7|45 2 (K #8 Primer3 Xit. T4 L% 4.1,

% 4.1 £ & PCRRIEFTAGIH
Table 4.1 Primers used for qPCR analysis

Unigene SP primer (5°-3”) AP primer (5’-3°)
LOC110997999 CATCGTTCCGTACCTGTGGA GCAATGACGTGGACAGTTGT
LOC111001990 TACAGCCCTGACAATGACGA CCCGTACTCAGAAGGCAGTT
LOC110999791 GAACATAATATGCCGCGGGG CCAACCGAGCAACCTGTTTT
LOC111000302 ACAACCAAGAAACGAAGAGGT AGGGGCAAAGTTTAACAATCCT
LOC110992705 ATTGATTTTCCTGGCCACGG GGGAATACACAGGCGAATCG
LOC111001772 TGATGCCGTGGATTCGTCTA CCATCATGAAGACACGCTGG
LOC110997070 CCAACCACACAGCACATTGA GTTGACACCGAGAGTTCTGC
LOC110997363 TACGACCTGACATTGGACCC TGTCCCATGCCCAACGATTA
LOC110991526 CACCTGAAAACCCCGAACTG TTTACACGGACTAGAGGGGC
LOC110998020 GGGTGTAGTATGTGGAGGCA ACGACTCCCAATCCACCAAT
LOC110999355 TACAAACGGGACAGTCGACA TTTGCTAAAGTCGACACGCC
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LOC111004288 ACCTGGTAGATTCGTTGGCT CATCACTTCGCCAATCCGTT
LOC110998337 CCCTCGTGGTTTTGGACATG TGTTTGGCGCATTTCTGACA
LOC110998564 TATCAACGTCACCACCCCAA TGGATCAGGTGGAAACGGAA
LOC110996795 CGTTGCAACAAGGTGGTACA ACCGCTGCGATATCTTCTGA
LOC110998585 TTCAGAGGACGGAACTGCTT GCTTTGGAAAAGGCGGTGTA
LOC111001104 TTCTGTTTGCAATCGGTGGG GTCCATTCCGTCAAAGCCTC
LOC110994382 CAAAAGCTGCCTTGACGAGT ATGAATCGGCCAATCCTTGC
LOC111004164 GACACCAATACCTTGCGACC TCGGGCCATATCTTGTGACA
LOC110991318 CAAACCGCTGGAAATGCAAC GGAGTACGGGGTGGATTAGG
LOC110997661 CCACGAAGGGCAACTACATG GGATCGCGGATGTGTTTGAA
LOC110995668 TGAAAAGGGTCCATTGTCGC CAACTATGGCATCAACGGGG
LOC111003353 GTACTGGTACCATGGGCTGT AGCAACCTGAGACGAGACAA
LOC110992901 AGTTAGCATTTGTTCGTGGTGT GCCGCTTCAACACTGTAGTAG
LOC110997366 GGTCCCCTTGTATCGCCATA TTCTGCGAATGATGAAGCCC
LOC110999016 ACGCAGAACAATGGCAGAAG TCCACTCTGCAACTCAACCA
LOC110999353 TGGCCATATCCATACCCGTC GCGTTTTAGCTGCATCACTG
2ER

2.1 W FHIETAE

SEEH A ST, xR PT, AN )7 M Etnk 4.2 Frx, BHRBRAEA,
Clean reads £ 6.1X 107-6.3 X 107 Z &, & 47 97 %-98 %. &/, &/F7|F
FEEAT 30 (BHIZR/NTF 0.1 %) HREHA L FIHE 94 %L F,

& 4.2 ERAIEEFHANTF R EBNL

Table 4.2 Quality profile of transcriptome sequencing in experimental processing

Sample Totalclean Clean Reads Mapping  Total gene Clean Q30 Bases
name rate(%0) rate number Rate(%o)
PT1 63,374,626 97.76% 0.8783 12072 94.52
PT2 62,467,348 97.39% 0.8759 12168 94.72
PT3 61,785,368 97.48% 0.8752 12089 94.41
ST1 62,968,342 97.67% 0.8703 11841 94.68
ST2 63,512,268 97.37% 0.8702 11819 94.67
ST3 62,745,342 98.26% 0.8836 11782 94.63

R 43 froR MK A reads 55 F A F AN E N, total mapped 25 & H 2
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tb AT 87 %, multiple mapped 28 /NT 3 %, BRI, HALETEH
BRGELE, JURTEEZRFEENSM,

%43 LHRAERLFH reads 555 £ FH AW ER
Table 4.3 Comparison between transcriptome reads and reference genome in the

experimental processing

Sample name PT1 PT2 PT3 ST1 ST2 ST3

Total Reads 63,374,626 62,467,348 61,785,368 62,968,342 63,512,268 62,745,342
Mapped Reads 55,661,466 54,712,346 54,075,011 54,801,075 55,265,860 55,440,552

Mapping Rate 0.8783 0.8759 0.8752 0.8703 0.8702 0.8836
UnMapped
7,713,160 7,755,002 7,710,357 8,167,267 8,246,408 7,304,790
Reads
MultiMap
1,560,798 1,503,356 1,699,098 1,438,203 1,393,299 1,017,857
Reads
MultiMap
Rat 0.0246 0.0241 0.0275 0.0228 0.0219 0.0162
ate

22 ZRFBEESHN

AR, HAETES PBS AEN#ERA, TAERAAENETARAT
FEEK L. ERNE 219 MRX B FZ R HEFE . 5725 PBS B0 S AE L,
EEER A RS EE 18 M EE KX I, 201 MEERIATIE (L& 44 X HE
43 544,

® 44 ERFXBAOFERG IR

Table 4.4 Statistical table of differential expression analysis results

Category Fold change Numbers Total
Up-regulated 1-3 13
35 3 18
5-10 2
Down-regulated 1-3 9
35 47
201
5-10 133
>10 12

Total number 219 219
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HEH 59 %Fr 1.3 %H DEGs £ mRNA A-F £ FiET 1-3 &4 3-5 1%,
B# 0.9 %H DEGs £ mRNA A F F FiET 5-10 5, TREEWSFH LR T L
WEEN A, & E TECS EOEENE 2 A 66.2 %+ 5-10 4 60.7 %,
AT 105 54%), 7 THEFEHY3S5SEE 214 %, 1-3 75 4.1 %,

" * Down
Up
None
m -
E
5"
9

L LN
ab VT
'

N —
c =
I | I 1
-10 -5 0 5
FoldChange{log2)
K43 ZREFRXAE B 4.4 ZRFBAEEKLE
Figure 4.3 Clustering of differential genes Figure 4.4 Volcano map of

differentially expressed genes
MEFRLEHEAT GO BELITEH, HE 45/, STAES PTAHE
MEFRGEEEEHN GO terms W —H, Z2RXZEFTEEEEHMA S
(cell part), %4 (binding). %L (cellular process). fRi#fiT# (metabolic
process) FifEftiE M (catalytic activity) 4 77 1 o
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Figure 4.5 GO enrichment of differentially expressed genes after experimental
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Figure 4.6 KEGG enrichment of differentially expressed genes in different
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AT H—FTHMARE G AT F e, ¥ H#4T T KEGG pathway 8 &4
Mo #RWHE 4.6 Fro~, B 74 LEESEW pathway (p-value<0.05), A8 ER
.1E A (Oxidative phosphorylation) 2 '8 % & /B F M #E 5, HE i 5 & o il B
H oMLk 4E (Cardiac muscle contraction). [ /K% & B % (Alzheimer disease).
JEJEAE G B T/ (Non-alcoholic fatty liver disease). % B2 A i (Biosynthesis
of amino acids). ¥ T ##%/% (Huntington disease). 184 # [KJ& (Parkinson

disease)

1.8 Z 7k & W

K TMM 77 FAr A &N EH# readcount &, DEGseq N AT £ 7%
KA, p-value BT K JEAA 9 AL A . 4 log2(FoldChang)| > 1 E g-value <
0.005 B, {EIZEFEE XN ZERFKILEF,

23 RBEFEFTEGREANLH

REBEFBERFMLMA TR ERG, ThERAZFERS N AL WE 4.7 F7
T, AR FURACE 3.1 %) FT A EECE 1.8 %) £ A 14.1 %),
HIm (45%). MBE A (5 23%). @HEAHFAT (5 1.8%). THRMEE
R (582 %), WAEE (H9.1 %) FRamERE (5547 %. Ehkirz
FAEF gk Nk 44,
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Putative genes

Figure 4.7 Gene annotation and classification of expression differences in the
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Table 4.5 Distribution of major functional categories of differentially expressed genes

R . Up/Do . . "
Classification  Unigene WE FoldChange p value Accession no. E-value Organism Description
Il I i t it alph
Cellcycleand | 110990016 down  0.004057208 0.000237494 XP 0142140561 200E-94  CoPidosoma proteasome subunit alpha
Apoptosis - floridanum type-7-1
. eptidyl-prolyl cis-trans
LOC111001759 down  0.00155704 1.09E-06 XP_012547118.1 O Bombyx mori p PAcY™p y !
isomerase E isoform X1
. cyclin-dependent
LOC110993941 down  0.010505849 1.12E-08 XP_004924422.1 O Bombyx mori y ! _p
kinase-like 4
. protein lethal(2)essential for
LOC110998972 up 2.025034884 0.000589786 XP_004923510.1 2.00E-75 Bombyx mori life-like
Cytoskeleton ) keratin-associated protein
y LOC110998987 down 0.000477488 8.23E-05  XP 0049219561 4.00E-31  Bombyx mori ot “'ke 1ated protet
- Dynein intermediate chai
LOC111004189 down  0.016000633 0.000387974 KPJO8115.1 0 Papilio machaon 3{:3?&” rmediate chaim
LOC110994382 down  0.015719731 8.72E-07 XP_013187061.1 6.00E-142  Amyelois transitella myosin-2-like
hom i
LOC110993792 down  0.011162555 2.00E-07 XP_013195084.1 5.00E-112  Amyelois transitella 0 eobo_x p_rote_ln
- orthopedia-like isoform X1
LOC110998095 down  0.005138708 0.000775139 XP_013182954.1 0 Amyelois transitella  protein tilB homolog
LOC110995389 down  0.027752505 3.86E-06 XP_013188408.1 0 Amyelois transitella  tektin-3-like
. . 1Q domain-containi
LOC110992015 down 0017676342 5.65E-07  XP_013200809.1 B8.00E-72  Amyelois transitella p?otein anike” aining
. . RIB43A-like with
LOC110997202 down  0.044097806 5.72E-05 XP_013191379.1 O Amyelois transitella . . .
coiled-coils protein 2
LOC110993870 down  0.095568454 0.000508681 KPJ10027.1 0 Papilio machaon Dynein assembly factor 1
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Up/Do

Classification  Unigene wn FoldChange p value Accession no. E-value Organism Description
. keratin, type Il cytoskeletal
LOC111000959 down  0.499960571 5.50E-05 XP_004932378.1 1.00E-19 Bombyx mori ) )
2 epidermal-like
cilia- and
LOC110993110 down  0.189139095 6.52E-05 XP_014369177.1 2.00E-68 Papilio machaon flagella-associated protein
97-like
cilia- and
LOC110998766 down  0.123925862 0.000860389 XP_013185024.1 O Amyelois transitella  flagella-associated protein
58-like
- ejaculatory bulb-specific
LOC111001990  up 2664185886 0.000350708 XP_ 0143657011 8.00E-36  Papilio machaon p’mtzmzkeu specttt
. craniofacial development
LOC111001004 up 12.83056414 1.23E-07 XP_012549656.1 3.00E-109  Bombyx mori I. I. Velop
protein 2-like
. tubulin polyglutamylase
LOC110994233 down  0.050980088 8.70E-06 XP_012552221.1 7.00E-150  Bombyx mori HDUIIN PO u_a y_as
complex subunit 2-like
LOC110997661 down  0.011184146 5.60E-07 XP_013173380.1 O Papilio xuthus tubulin alpha-1 chain-like
. . tubulin polyglutamylase
LOC111003563 down  0.002805792 1.33E-12 XP_013183622.1 0 Amyelois transitella ubHiin b _ygua yias
TTLL13-like
Operophtera . -
LOC110995645 down  0.001035675 1.82E-07 KOB64825.1 0 brF:Jmafa Tubulin-tyrosine ligase
LOC110993486 down  0.000250332 4.50E-06 EHJ76274.1 0 Danaus plexippus beta-tubulin
tubulin beta chain isof
LOC110998981 down  0.000165669 3.13E-09  XP 0115518641 O Plutella xylostella )l:l“ 1N beta Chaii 1soTorm
Immune . .
LOC110999288 down  0.002044114 1.05E-05 XP_014369697.1 1.00E-165 Papilio machaon venom allergen 5-like

response

61



WL A F B F AL X

FHE RES/ Y ER T ERFTRANR

Up/Do

Classification  Unigene wn FoldChange p value Accession no. E-value Organism Description
inc car ti A
LOC111004201 down 0013399287 0.000164776 XP 0143676321 O Papilio machaon  21C Carboxypeptidase
1-like isoform X1
LOC111002197 down  0.0132121 0.000797731 EHJ67482.1 6.00E-121  Danaus plexippus putative sol i 3 antigen
. . traB domain-containing
LOC110996850 down  0.010188737 7.46E-07 XP_013186530.1 2.00E-152  Amyelois transitella orotein-like
. beta-1,4-galactosyltransfera
LOC110995450 down  0.00721142  0.000182434 BAM19915.1 2.00E-25 Papilio xuthus e
LOC111004177 down  0.005192097 0.000549052 EHJ77597.1 6.00E-170  Danaus plexippus putative major antigen
coiled-coil
LOC111003220 down  0.004200774 8.26E-07 XP_013196915.1 2.00E-178  Amyelois transitella domain-containing protein
63-like
- tetraspanin-6-like isoform
LOC110998495 down  0.032613576 0.000823589 XP_013177675.1 3.00E-85 Papilio xuthus X1 pant e s
LOC111004288 down  0.02666673  0.000102786 KPJ05579.1 4.00E-49 Papilio xuthus Phospholipid scramblase 2
. TBC1 domain family
LOC110998353 down  0.072258475 6.00E-07 XP_012547190.1 0 Bombyx mori
member 19
EF-hand calcium-binding
LOC111004022 down  0.071630937 0.000554335 XP_012552925.1 3.00E-115 Bombyx mori domain-containing protein 2
isoform X1
- FUN14 domain-containi
LOC110994105 down 0.06910112  0.000411409 KPJ17479.1 4.00E-18  Papilio machaon proteinlo ain-coniaining
probable cyclin-dependent
LOC110991526 down  0.05000472  0.000129007 XP_013137097.1 2.00E-15 Papilio polytes serine/threonine-protein

kinase DDB_G0292550
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Classification  Unigene wn FoldChange p value Accession no. E-value Organism Description
LOC110997657 down  0.046793064 3.41E-05 XP_013173647.1 0 Papilio xuthus cytosol aminopeptidase-like
coiled-coil
LOC111000275 down  0.042179 0.000330659 XP_013188342.1 9.00E-107  Amyelois transitella domain-containing protein
42 homolog
E iquitin-protein li
LOC111000615 down  0.038863548 0.000282272 XP_014367839.1 8.00E-157 Papilio machaon 3 ubiquit . protein figase
MARCH1-like
. tative tumor ressor
LOC111001271 down  0.072326502 0.000130035 EHJ72791.1 0 Danaus plexippus Efote'i\r: Hmor suppres
. utative forkhead box
LOC110999355 down  0.031112691 0.000148439 EHJ75908.1 7.00E-117  Danaus plexippus Erotein
. runt-related transcription
LOC110998564 down  0.025921889 4.19E-05 XP_004931839.2 0 Bombyx mori X . 'PH
factor 3 isoform X1
LOC111001104 down  0.019057465 2.45E-07 XP_013179691.1 O Papilio xuthus kelch-like protein 10
LOC111004164 down  0.012824562 3.27E-05 XP_004922942.1 0 Bombyx mori pyruvate kinase-like
. utative F-box and WD
LOC110991318 down  0.011680203 2.49E-05 EHJ73207.1 3.00E-25 Danaus plexippus P . )
domain protein
LOC110992705 down  0.420579666 0.000847269 XP_004924867.1 4.00E-151 Bombyx mori probable serine hydrolase
LOC111001772 down  0.284249641 0.000353061 XP_013143896.1 9.00E-81 Papilio polytes trypsin-7-like
- kunitz-type serine protease
LOC110997363 down  0.242814493 0.00043514  XP_013161934.1 3.00E-75 Papilio xuthus _un_l_z P S.” ¢ proteas
inhibitor A-like
babl h P450
LOC110996974 down  0.119664832 1.82E-05 XP_013171094.1 0 Papilio xuthus 2;4‘3 € Cytochrome
LOC110997070 down  0.280942441 0.000777237 AAD09281.1 8.00E-106  Hyphantria cunea immune-related Hdd13
LOC110996795 down  0.025657387 5.43E-07 KPJ04197.1 0 Papilio xuthus Putative serine
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Classification  Unigene wn FoldChange p value Accession no. E-value Organism Description
LOC111000932 down 0022260795 0000576498 KOB716851  2.00E-123 OPerophiera Transmembrane serine
brumata protease 9
LOC111000480 up 65.87254254 0.000292426 XP_014370556.1 0 Papilio machaon me_mbrane_alanyl_
aminopeptidase-like
LOC111004119 wup 4.671767892 0.000347641 KPI95716.1 6.00E-125  Papilio xuthus Venom carboxylesterase-6
Material . -
. LOC110994456 down  0.037774744 0.000319636 EHJ73472.1 0 Danaus plexippus hexosaminidase
metabolism
2-oxoglutarate
LOC110992011 down  0.032315912 4.40E-05 XP_012544383.1 1.00E-150  Bombyx mori dehydrogenase complex,
mitochondrial isoform X2
LOC110998337 down  0.026131944 2.00E-05 EHJ67935.1 0 Danaus plexippus Z‘::;?:etr”glyce”de lipase
alpha/beta hydrolase
LOC110991471 down  0.050270371 0.00085467 XP_004926899.1 1.00E-99 Bombyx mori domain-containing protein
11-like
LOC111000251 wup 9.461398179 6.71E-06 XP_012550294.1 0 Bombyx mori apyrase isoform X1
LOC110991287 wup 2.17070153  0.000264407 XP_004928608.1 0 Bombyx mori argininosuccinate synthase
LOC110999791 up 2.13112018  0.00046827 XP_012550532.1 3.00E-175 Bombyx mori gamma-glutamyl hydrolase
Respiration ubiquinol-cytochrome ¢
and Energy LOC110992901 down  0.004183971 0.000190682 EHJ65401.1 7.00E-30 Danaus plexippus
. reductase complex
metabolism
LOC110997366 down  0.00416711  6.20E-09 XP_013179085.1 0 Papilio xuthus enolase
LOC110993542 down  0.003571994 0.000492687 XP 0143676871 0 Papilio machaon 01U -transporting

ATPase
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Classification  Unigene wn FoldChange p value Accession no. E-value Organism Description
- adenylate kinase isoenzyme
LOC110991307 down  0.00221301  1.04E-08 XP_013181095.1 1.00E-130 Papilio xuthus 1”k:' nase isoenzy
. . biquitin carboxyl-terminal
LOC110998138 down  0.000965091 2.72E-07 XP_013196927.1 2.00E-115 Amyelois transitella o CArPOXYIerm!
hydrolase-like
altered inheritance of
LOC110993929 down  0.014729566 0.000263552 XP_013195559.1 1.00E-63 Amyelois transitella  mitochondria protein
3-1-like isoform X1
. V-type proton ATPase 116
LOC111000089 down  0.014143306 7.16E-05 XP_013162305.1 O Papilio xuthus YPep .
kDa subunit a isoform 1
putative Mitochondrial
LOC110993886 down  0.008503714 2.13E-05 EHJ75927.1 5.00E-119  Danaus plexippus 2-oxoglutarate/malate
carrier protein
. MICOS complex subunit
LOC110994717 down  0.007843173 0.000743908 XP_004923307.1 7.00E-42  Bombyx mori oo i plex stbun!
. . cytochrome ¢ oxid
LOC111000302 up 2.073490806 3.25E-05 XP_013197403.1 4.00E-40 Amyelois transitella ytochro O.XI ase
assembly protein COX19
cytochrome b-c1 complex
LOC110998585 down  0.019819901 8.04E-05 XP_004925096.1 1.00E-164  Bombyx mori subunit 2,
mitochondrial-like
cytochrome b-c1 complex
LOC111003330 down  0.007793071 0.000162045 XP_004932785.1 3.00E-136 Bombyx mori subunit 1,
mitochondrial-like
NADP-d dent mali
LOC111001154 down  0.026921089 0.000151016 XP 0143683201 0 Papilio machaon ependent malic

enzyme-like
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Classification  Unigene wn FoldChange p value Accession no. E-value Organism Description
. acuolar ATP synthase
LOC111003198 down  0.020499817 0.000402334 EHJ73132.1 8.00E-117  Danaus plexippus ‘S’ub‘:nit : y
NADH-ubiquinone
LOC111000356 down  0.011559256 3.08E-05 XP_014369932.1 0 Papilio machaon oxidoreductase 49 kDa
subunit-like
NADH-ubiquinone
LOC110995668 down  0.009494723 0.000280541 XP_004929867.1 4.00E-118 Bombyx mori oxidoreductase subunit
8-like
LOC110994801 down  0.004110214 8.86E-06 XP_004930241.1 2.00E-134  Bombyx mori NADH dehydrogenase
LOC110996311 down  0.002091036 2.56E-05 XP_013162937.1 3.00E-54 Papilio xuthus NADH dehydrogenase
Stress .
response LOC111001664 down  0.003510225 0.000151538 EHJ71411.1 1.00E-45 Danaus plexippus HspB1
h I i h
LOC110997915 down  0.001448987 2.79E-08 KOB79259.1 0 Operophtera © ut_amme synthetase,
brumata partial
. i dynei mbly factor with
LOC110994979 down  0.03258672  3.78E-06 XP_013188535.1 0 Amyelois transitella YNein assembly a}c rwl
WDR repeat domains 1
. putative WD repeat domain
LOC110996023 down  0.027812776 0.000362597 EHJI66472.1 0 Danaus plexippus 34
LOC111003529 down  0.004663161 1.04E-07 AGR84218.1 0 Melitaea cinxia heat shock protein 70-3
Transcription p_uta'uve S
ol and lipopolysaccharide-induced
LOC110996700 down  0.003527169 0.000105346 EHJ66217.1 2.00E-93 Danaus plexippus transcription factor

Translational
regulation

regulating tumor necrosis
factor alpha
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Classification  Unigene wn FoldChange p value Accession no. E-value Organism Description
. . robable RNA-bindin
LOC111000139 down  0.030287968 8.65E-06 XP_013198035.1 2.00E-135 Amyelois transitella grotein 16 nding
. seudouridine-5'-phosphata
LOC111000723 down 0024783789 2.02E-05  XP_004925985.1 3.00E-111  Bombyx mori Se Il:keu" phosp
LOC110999347 down  0.100161099 0.000521734 BAD86650.1 1.00E-56 Bombyx mori reverse transcriptase
sodium- and
Transport LOC111000142 down  0.002686577 3.55E-07 XP_013161981.1 O Papilio xuthus chloride-dependent glycine
transporter 1-like
h Mitoch ol .
LOC111003645 down  0.000858838 5.35E-08 KOB67521.1 0 Operophtera ftochondria _morganlc
brumata phosphate carrier
sodium-dependent nutrient
LOC110999036 down  0.009563133 0.000486243 XP_013179110.1 3.00E-175 Papilio xuthus amino acid transporter
1-like
. i ic cation t t
LOC110998020 down  0.049584016 0.000559654 XP 0131923651 0 Amyelois transitella g:g?;:lli; f fransporter
Helicoverpa . .
LOC110999353 down  0.000753253 0.000304277 AHX25881.1 0 armigera organic cation transporter
LOC111003353 down  0.007172503 0.000203798 EHJ66649.1 0 Danaus plexippus amino acid transporter
- roton-coupled folate
LOC111003227 up 9.242166826 0.000195695 XP_013178233.1 0 Papilio xuthus P p_
transporter-like
lut ier family 46
LOC111003171 up 7.559747128 0.000367364 XP_013184489.1 0 Amyelois transitella souecarrlejr a_mly
member 3-like isoform X3
organic cation transporter
LOC110997999 up 5206916621 2.29E-06 XP_013133364.1 0 Papilio polytes g P

protein-like
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Classification  Unigene wn FoldChange p value Accession no. E-value Organism Description
- roton-coupled folate
LOC111003223 up 3.873850605 0.00086587  XP_013178297.1 O Papilio xuthus P UP.
transporter-like
k
un .nown 120 ESTs
contigs
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24 <& PCR Bif

AT #—FRIEHFANFHER, BN EZFT 27 MREz7EH, P L
WEE 4, THEER23 S, RiTFRET I, XA RT-qPCR %1 RNA-Seq £
R M. RT-qPCR 4 R E 4.8 FroR, JE5TERME 0 %98 5 E 4 PBS 893
WAL, UTXREENREAR NS LS RNA-Seq W4 RAE—2, KHAEX
LN 7R

LOC110999353
LOC110999016 -
LOC110997366 -
LOC110992901
LOC111003353 -
LOC110995668 —
LOC110997661 -
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Figure 4.8 qPCR verified the reliability of the transcriptome sequencing results
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k4.6 ATRIEHFANFERTEUMREANER
Table 4.6 Information of qPCR related genes for the reliability of the transcriptome

sequencing

Classification Unigene Up/Down Description
proteasome subunit alpha
Cell cycle and Apoptosis  LOC110999016 down type-7-1

Cytoskeleton LOC110994382 down myosin-2-like
ejaculatory bulb-specific protein
LOC111001990 wup 3-like
LOC110997661 down tubulin alpha-1 chain-like
Immune response LOC111004288 down Phospholipid scramblase 2

probable cyclin-dependent
serine/threonine-protein kinase

LOC110991526 down DDB_G0292550
LOC110999355 down putative forkhead box protein
runt-related transcription factor
LOC110998564 down 3 isoform X1
LOC111001104 down kelch-like protein 10
LOC111004164 down pyruvate kinase-like
putative F-box and WD domain
LOC110991318 down protein
LOC110992705 down probable serine hydrolase
LOC111001772 down trypsin-7-like
kunitz-type serine protease
LOC110997363 down inhibitor A-like
LOC110997070 down immune-related Hdd13
Putative serine/threonine-protein
LOC110996795 down kinase C05D10.2
adipose triglyceride lipase
Material metabolism LOC110998337 down brummer
gamma-glutamyl hydrolase
LOC110999791 up A-like
Respiration and Energy ubiquinol-cytochrome ¢
metabolism LOC110992901 down reductase complex
LOC110997366 down enolase
cytochrome c oxidase assembly
LOC111000302 up protein COX19
cytochrome b-c1 complex
LOC110998585 down subunit 2, mitochondrial-like
NADH-ubiquinone
LOC110995668 down oxidoreductase subunit 8-like

organic cation transporter
Transport LOC110998020 down protein-like
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LOC110999353 down organic cation transporter

LOC111003353 down amino acid transporter
organic cation transporter

LOC110997999 up protein-like

3 it

AERBAHETHBFE TR FE 2 N EY B AET T EE AN L THE,
AR PR AT /N SR R S SRR (E M AL FEAL, VAT PBS BN RN
ERA, #THRIANFHHTES . B ZRFREIMN, EHNE 219 ME
KR EEFEE. GES PBS DA, FADERM R KER 18 MEH
FiL LR, 201 MEERZTHE, EAEE S NEY RN T EERRIHF
MEF KL, GO BENNT KA, KEBEHSNRAWEZ FRLEFEEEH GO terms
Wi —%, 2R %2 HEEE LA cell part. binding. cellular process. metabolic
process % 7 H. EAKHE NEY EER T EHEARAAER D@, HHED
MEE, WEGAEEL YRR ERFELELIT L EREFNAEOR, £+ —
WA g EHER . EXLEARY, AN EEARAKR. HEXERBMEE
16 45 0 % %% (Harpel et al., 2015).

REFBLERAIMAERER, TEERLRZRERSHAE, GFHFARH
(& 3.1%). #FBERE (& 1.8%). FENE (& 14.1%). 15 (4.5%).
RLER R (5 23%), @A FAET (5 1.8%). FRAEERH (582 %),
HIEE (591 %) fkmER (5547 %) AL — gk TREMTNREC £ —
S B b B RILT o R MW A B R IE R R AR E SRR LR #
Mo MR PETR A T — N R A B A AL, AR 8 5% R AR B9 £ 3 (Tyson et al.,
2007), W F L WERITFTHEFN R LRERA, F BT HEEEARE LA
R B H ., NK LT 4% Rhodnius prolixus "k 45 15 2| — 7 LTBP1 89 % i
EH, ARERSE S AR 8 =% I F £ 89 3R E A& (Jablonka et al.,
2016), WESHHEEAUR R ERFOLLANT —LEETS5BARARK. #
5 J5 A0 B J5 161 A0 & #if (Harpel et al., 2015), M 4h, 7R3 B &4 B HrE ) 1
FAEEMGERRASHA X NEG R, 7EEG. #EEG. #i2& 8%)(Xia
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et al., 2007; Afshar et al., 2013), =] JLUE K = B 5200 & £ 04 %% by 238 B i — 2k 40
HEEAH K EE
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