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Abstract

Parasitoid wasps, being invaluable in classical and augmentative biological control of
various insect pests, are among the most abundant and diverse insects on earth. They have two
basic lifestyles. Endoparasitoids lay their eggs into internal body of the host, whereas
ectoparasiotids lay on the external surface of their hosts. Pteromalus puparum is a pupal
endoparasitoid wasp that parasitizes a number of butterflies including the agricultural pest small
cabbage white butterfly, Pieris rapae. Pteromalus puparum represents a relatively recent
evolution of endoparasitism within the subfamily Pteromalinae, and thus may provide a good
model for comparative studies with Nasonia vitripennis to better understand the differences and
evolutionary relationship between endo- and ectoparasitoids. Similar to N. vitripennis, venom
from P. puparum is considered to be the major maternal factor that alters both the host immunity
and physiology to facilitate the development of progenies. In this thesis, we investigated the
venom composition of P puparum, also explored the function and evolution of two individual
venom proteins.

1 Sequencing and analysis of P. puparum genome

To get a better information background for further venom studies, we sequenced and
assembled the genome of P. puparum. The assembled genome is 338.1 Mb with contig N50
38.7 Kb and scaffold N50 1.16 Mb. Further, 204 miRNA, 140 rRNA, 52 snRNA and 20
snoRNA were annotated. Simultaneously, 14946 genes were also identified. 90% of these 14946
genes showed at least one functional annotation. Phylogenetic showed P. puparum is closely
related to N. vitripennis, their estimated divergent time is around 30 Mya.

2 Analysis of P puparum of venom composition by combination transcriptomic and
proteomic approaches

To make a more conducive environment for the wasps’ young, both ecto- and
endoparasitoids inject venoms into the host to modulate host immunity, metabolism and
development. Endoparasitoids have evolved from ectoparasitoids independently in different
hymenopteran lineages. Pferomalus puparum, a pupal endoparasitoid of various butterflies,
represents a relatively recent evolution of endoparasitism within pteromalids. Using a
combination of transcriptomic and proteomic approaches, we have identified 70 putative venom
proteins in P. puparum. Most of them show higher similarity to venom proteins from the related
ectoparasitoid N. vitripennis than from other more distantly related endoparasitoids. In addition,

13 venom proteins are similar to venoms of distantly related endoparasitoids but have no
X
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detectable venom matches in Nasonia. These venom proteins may have a role in adaptation to
endoparasitism.
3 Analysis of a Serpin venom splicing isoform from . puparum

To ensure successful parasitism, parasitoid wasps inject venom with their eggs into host to
suppress the host immune responses which includes melanization. Venom from Pteromalus
puparum, a pupal endoparasitoid wasp, inhibited melanization of host hemolymph in vitro in a
dose-dependent manner. Using assay guided fraction, a serpin splicing isoform with PO
inhibitory activity was further separated and identified in P. puparum venom, and named as P.
puparum serpin venom isoform (PpSVI). This serpin gene has at least 15 splicing isoforms that
differ only in the C-terminal region which contain the reactive center loop. RT-PCR results
showed that the identified serpin isoform in venom was differentially expressed in venom gland.
Recombinant PpSVI was demonstrated to suppress host’s PPO activation in a dose-dependent
manner rather than to inhibit PO activity directly. Pull down assays showed that PpSVI formed
SDS-stable complexes with host hemolymph proteins. PrHP8 and PrPAP1 were identified in
the complexes by LC-MS/MS. The presence of PrHP8 and PrPAPI1 in the complexes was
further confirmed by immunoblot.

4 Analysis of a kynurenine aminotransferase (KAT) venom protein from P. puparum

To ensure successful parasitism, parasitoid wasps also often inject their venom to modulate
the host’s hemocytes. Preromalus puparum venom has been shown to induce the mortality of
both host hemocytes and other insect cell lines. Using assay guided fraction, a kynurenine
aminotransferase was identified in P. puparum venom with a potential role in inducing
hemocytes’ mortality. By genome-wide annotation, we found that indoleamine indoleamine
(IDO) and 3-hydroxyanthranilate 3,4-dioxygenase (HAAOQO) in kynurenine pathway have been
lost in insects, and insects didn’t has the ability to de novo synthesize NAD. Thus the identified
KAT venom protein is not likely to induce cell mortality by inhibiting NAD synthesis.
Furthermore, KAT gene have been intensively duplicated in the genome of both P. puprum and
N. vitripennis. Phylogenetic result indicated that this venom protein might evolved from
duplication of a non-venom protein. During gene duplication, this gene got its signal peptide and
was finally recruited into venom.

Overall, we sequenced and assembled the genome of P. puparum, and revealed its venom
composition by combination of both transcriptomic and proteomic approaches. Using assay
guided fraction, we identified a serpin venom splicing isoform which inhibited host’s PPO
activation, and also a kynurenine aminotransferase venom protein which might have a role in

inducing mortality of host’s hemocytes. Furthermore, using the genomic sequence information,
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we inferred the evolutionary sources of these two venom proteins. Serpin venom splicing
isoform may be recruited by alternative splicing, and kynurenine aminotransferase venom
protein is likely to be recruited by gene duplication. These results lay the groundwork for more
detailed studies of venom function and evolution, also partially revealed the mechanism of how
parasitoid venom inhibit host’s immunity, and made a contribution to gaining insights into

parasitoid venom evolution.

Keywords: Pteromalus puparum, venom, endoparasitoid, immunity, evolution
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F—F FLUZAFRRR

FEGERAEFEER SR, KW RE S, CHALI0T &M, 41T 4607 & F
(Heraty 2009), M A MM T TEI LM T EVRY, wEE, Wk, BT7%. #FLEQ
BRE, &M 40 E &SN E & ¥ (Asgari & Rivers 2011), &£ & A F HF E R4
K, 4K A E A H i M % 4 ¥ (Pennacchio & Strand 2006; Whitfield 2003). #%
FTHEANTEELENERTE, oW RMAF LS, YT EE, RAF LS K EHF
A ¥, K % B % 4 ¥ (Pennacchio & Strand 2006; Whitfield 2003). & 4~ ¥ #EELH £ fv &
A, FERESE, SETFESHNARM, ETTRBHANAYET. 74
MEEBRFE. EEFERFEHNABEERIBRAEN, TEAREMSHHERLE
HEEF ¥ (Condon et al, 2014), Flit, FABHMREEZWNEZE L AHERE, #/ ZATE
FlEFRY T AE R, £F R 4&HIR T LB X80 FH(Asgari & Rivers 2011).

FERANFEERTEA, BF L% RF 4 X% E F(Pennacchio & Strand 2006).
EAEBERENEE, THTWME L 4DNAKE (PDV, polydna virus) B LHEFE
BATH. . REFRREE, RECFHFLRRSFE, EL5RIA LT (Asgari &
Rivers 2011), ¥ 4B EREEF T EH AR T, 4 F74£T FEWEHYE, EFHEH
EEEQEAEFESHMNL TEMN, B, HT, FELFRERATEAIOE
W bk BTE R, LEFEWNERKREZE, AU T AR AR aFEFELE
% H 8 7 1F F (Moreau & Guillot 2005).

AEFERFLREREGLAR. HEfd4, dHABARRTRTELE, FRTFEE
ERFREAXANFTERMATE, ERAREFEEEAARFFANFAIART i
B KT 1

1 FESER T QHRNTR

MERAWLE, FEHEREOLARNFRLETH P . Leluk®F A (1989) 7425
FhEE 3 B &R AATSDS-PAGEAMAT LR, KAF LK EREAARG AL L UERER
WE U BB (Leluk er al., 1989). #4MERE wEE, BR, URAMRERSHTE
FRS k. BFAENYE, EERFFARNIMK, MELEFHNUUAL TEE
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T R 8 AR 3 BB FEEERVAER

HE, AUFERFRFTEEZHRZ20kDU T & &/ NRA 5 (Leluk ef al, 1989). M5,
REVHFARERARAREREEL, B L X . cDNAX E I # % 7 % (Crawford et al,
2008; Parkinson ef al., 2002; Parkinson ef al., 2004). Parkinson% A | &% & & 4% BN
W Fe & RDNAX Bk & 4 W T &, L/EEFRZEEEPimpla hypochondriaca™ % &
%19/~ % #% & & (Parkinson et al., 2002; Parkinson ef al., 2004), Crawford¥ A (2008) % A
%t Microctonus hyperodae® |l % R cDNA X B F, H X HFIFHERE G T WHAT R EE
&2, *IKBT 845 FHAFM 2K (Crawford ef al., 2008), FERFHE & /NEF, KFEKAEAF
FICDNAX BEffit, W78 7 B 14 B0 . S BEBAR % £ B 9UE & % 5)(Zhu et al,, 2010,
Zhu ef al., 2008). %, TREFERS B L ZERADNAX E ik, BEHEAKMK, 3#
H-REEFENEREAHRZEERS. LY, BETERNF R RAK KT R
YR, AABSHNTLELERARTARRT EOREE G EHAREZANTEE,
de Graaf% A (2010) # T Nasonia vitripennisEHEE L, A EEFF LT H9INE
#EE, EFI6NMFRE G S H MO REFFH A MUK (de Graaf ef al,, 2010). 7, F
R#EFEMBORAEAGN T, ERECGHE RS EMN KL R T & B Chelonus
inanitus(Vincent et al., 2010). ¥ % £ B8 ¥ Leptopilina boulardi(Colinet et al., 2013; Goecks
et al, 2013). BB R HEEL heterotoma. Hyposoter didymator. [ /K ¥f % ¥ Aphidius
ervi(Colinet et al., 2014; Nguyen et al,, 2013)%0 ¥ 58 & /NEP. puparum(Yan et al., 2016)% &
AT o

BAEXY, FEEFREOERRZH G LBERERRENFE. LelukF A AT
SDS-PAGEZ#T £, HFe%ERFERIMCUBERESRAFTELNE AL F(Leluk
etal, 1989). de Graaf¥ A 4. X L8 E & /NEN. vitripennisFF & G WA R T H & A F|
& ¥ Apis melliferatt ZF 4 K E & 4¢(de Graaf et al, 2010). XAt 2 H T HF LR EREH
FHRAHANABRFFECRATES T TEN. EFLAEETAUN TR EAR ELTLESR
PHER BESDEFTERE S/ EFREFT0R79MNE G Fi/Bk(de Graaf ef al., 2010;
Yan et al., 2016), K KRAKEEL boulardiFe e 4 BB L. heterotoma 4 129F11764
(Goecks et al., 2013), T #H W H % 4 DNAK HEPDVIIAT ALK T & ¥ C. inanitus(Vincent
et al, 2010). %% /4 % ¥ Microplitis demolitor(Burke & Strand 2014)Fn [/ /R ¥ ¥ ¥ 4.
ervi(Colinet et al., 2014) & 420, 30f0164, RBLEREFR, EHPDVHF A ER T 4
EHESHMERKERME, ATHERITPDVE—EBE L AR T ERWHEE, E5K
FENHRTEERS. BETANFEEEAXBHWAR T ETRER, ERKELRD,
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3R LA WAt & b .

B, NEREUARRE, FELERENT FENFHE. TEUHE, 2104
B ErE - UERNRGEERES, FAETBFEYFE SR 4LFHE RAZEF(Colinet
et al, 2013; Goecks et al., 2013). HE, FAREREMNBEACHFEF BN NMES ]
(Colinet et al., 2013). NEREGMME LXE, FLEOGRAUTFERE THRERF
EMERE, AN EER%. B2 REEAFRFLREA. £FLEEF, KEHK
EREAAHE, RARZFREAREEEG/ M EEBITH A . Antigen® (Yan er al,
2016), EFHEEFwLEHEEM, &8 % 9%, Easterase, Calreticulin, Antigen% %
ERFEEERMEA.

A, FAEBRERIERNARERRCE —EWAR, BEMEEARN IR, 107 £ 4
DR E A E, O TR20 MM B AT B, BRATAERBRFUL
FahE, BEENMARERRAFT AL T LFAENKFREEE12h £ (Asgari ef al,
2003; Parkinson et al., 2002). T % R 8 &k G RALE K F %, SDS-PAGET %4 Z& H
ERNK, LALGZEAFAEAR, FRIRTSEZBLAS, B, FEEFRTH
KA EA R E—F M

2 HFEMRERT O REHA

ERRBHEARMFTRTRAN, EAFRDIEFTRANER. H2HBBERK
ERMY e ik BFEAMN, TERATREAGH, HEARFZZEPEMNE,
BLHT . 28 R %% (Schwartz er al,, 2012). M HF AR SRV —LEANFE, FEHER
AETRAFFRE, RERR, T RABFERELAGN, AFORHFELE, ATH
FEF, REFERMESL, AU S5ERABRFENFE £ H(Asgari & Rivers 2011; Zhu et
al., 2011),

FEUERNARARFERHARFTEREEE L, ATEFPDVF LEF, &
REFTALFEINTERA, TAEEFPDVATLEE Y, FREERIBHHRAEN,
fe— R A G F, HE R UE AR T g (Doremus ef al., 2013). Fhn, M £ B
ERFEAREEY, TERAFELAFLAER T, TARAFLEFANSAHES
W, TEATREFE4AA. KERRBEEELE.

A, DHBLEERERE NSRBI T RN TERATETEET T ETH
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BT 48 98 B 4 /NN, vitripennis R0 8¢ 88 & /NP, puparum . 38 F & 5 R ¥ Leptopilina
Fo L ¥ Ganaspis, VLR MW % ¥ Cotesia rubecula, T /RFE A ervi. REEE
¥ P. hypochondriaca® LR kM5 .

EM MR EEC rubeculaBZ R F HIVnS0E &, #H 5% EPPO. PAPE G/, 7
PL AT %) F = B PPO MK /5 (Asgari ef al, 2003). 3 K R 898 ¥ L. boulardi & & F W
Serpin(Colinet et al., 2009) % 8 B8 7 L4071 & £ PPOME % wy#vE, 48N I B & JAT A PPO
B THECLEREOE, TR KAEEL boulardibP 7 —HRE G, BELWENL
B (Superoxide dismutase, SOD) (Colinet et al., 2011) U ¥ UL B B: 47 % & = 09POJE £, AT
R AT HF B AR R, S /N TR /N F R 89 Pacifastinfr Kazal B &
G AR, BIE T UAEF S WPPOMIE . FEIRNAIWN T LI, Nasonia® B+
Calreticulin 7] #6 % 5 37 #] 7 & = E A K S (Siebert et al., 2015).

MR R R EC. rubecula®s ¥ 5 & /N ¥ F T 945 P & @ Calreticulin(Wang et al,
2013; Zhang et al., 2006), H T ME LA F EXF L MARNOERE. #—FHHFRK
B, A4 /N4 B HCF 89 Calreticulin®T DA HI F 3 M8 3 A F i R . T A ME
L. boulardi® ¥ * BIRhoGAP (Ras homologous GTPase Activating Protein) (Colinet et al.,
2007; Labrosse et al., 2005)% 5% £ BYRhoGAPE &M F &4, WHFZhwmiE
B, BREEWEP. hypochondriacaZ R FWE GHA S VPl FovP3, HTEEHEF = h
28] o B & #£ K5I (Dani & Richards 2009; Richards ez al., 2011; Richards & Dani 2008)., & % %
4 ¥ Ganaspis ¥ #ISERCA (Sarco/endoplasmic reticulum calcium ATPase) (Mortimer ef al.,
2013)TUIMHF L MAARMNER, AR ERERTCEETAH,

B, FREEEA erviBE A A H K3 A8 (v -glutamyl transpeptidase, v -GT) &
EHEEH AWM ER T, BB & H WK A (Falabella er al, 2007). FERBEEHP
hypochondriaca® ¥ ¥ #]Pimplin 7] ¥ & % £ Bk % (Parkinson et al, 2002). $h%F £ %E.
pennicornisF B ¥ 114 B & & B EpMP3 ¥ { 4% % + B9 & F (Price et al, 2009), 3 H %KLL
S C rubecula®Z W F BVl 57 DUR $tPDVE F By & 3k, ¥PDVHEHH B H Wk 1k
. MBEES NEFERT L E B HDefensinB HE K, TREMHELKHABEES
& F (Ye et al., 2010). & T RNAQF #.Nasonia® #% F #Chitinase, & REHF E£F CHE /LT
Fi R R EEFWONE R BRIEL £ T B F X 4 (Martinson et al,, 2015).

HFEIR, FAEEREOHRNAENT2AR, ESHARSONFLEEE —FH
BAMEBEAT, MIERARRERTESRZ., FH, IHRANYELIEE S TNHEE
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SR (BEABERRERER) , SEAFORFTHFELT. £HAFNE ZEN Y 7
RYAMH, ¥ TFEHEREOLTHAEFEIERARBELYHRZIAE.

FERERNE, NCAWERAE, EFENFLEEFEEXATANREES,
TRBEENERNE. RFARWATE, TRFABAALHEREGNHFENENE
BRR. ZEHRACLRY, ERFOTHURBRIBEZSER, At diha. 5,
ERZGIREFFAHAERFTRAEAEWNEE. dr, Calreticuline X 4 8 #4148 ¥ %
C. rubeculaf ¥5 4§ & /NP, puparum ¥ %18 ¥ L0 %] % £ 89 @ & R K (Wang et al, 2013;
Zhang et al., 2006). T % Hyposoter didymator™¥, & & Calreticulin®y 2 % & T £ % & &
#4758t (Doremus et al., 2013), T4 £ & /NEN. vitripennis & K RNAL 5L % | & B,
Calreticulin NasoniaZF % ¥ ¥ ¢ &5 B .48 % (Siebert et al., 2015).

3SHFLUBERFGHAWTR

3 FEGEREOWRMEERN

FEEEMFELT, REREBRF EE £, #HAF X F 5T (Pennacchio & Strand
2006). —HMHERT, FLEEHEFASERFEFERLRE—FHFETH, AWFRAHR
To RELKES (Red Queen) B, FAREF L AKEHRARENFHEARKIAN “F
£FA”, RAEXRWMHN, A &S & F T F(Pennacchio & Strand 2006). & A ¥ &
BEFZHNRE. ML, REPRMEREAERLIH, XRARANFTARYSE, B
FHEBEREAMTTRIEBRAWREES. REEXRANUTHENFE.

—FH, EREFNENERER, Noonia EFRAHAREREH, LEMN
vitripennis#N. giraultis], EREERZ FEREHEAERHR A KRER SH 4K
FERBK ANAS) , XEAFHERIERTESREA LI E LWL EE /1 (Werren et al.,
2010). Ellen® A 4% J 4/ B B9 % 4 H GH19 (Glycoside hydrolase family 19 JU
T J B 4 Nasonia® Muscidifuraxn X L 23 7 B UM IE%#E (AN/AS > 1) (Martinson ef al.,
2015). A —7 W, BERAEARFERMLZ AN EERRSK, ERMNGISNE/NE LR F,
GHI9/LT A £ E R A FINMYHHER TR, BERRERTFEREN, ZEEAES
MEESRFRET FRFREERERKE K F M (Colinet et al, 2013; Martinson et al,
2015). FEIRS, B RE RN F 4% Lepropilina WA 4 WHT 50 4 &8 I 5 4 8 & 4 8 Ao
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b ¥ & B 892 R (Colinet et al,, 2013), #lim, RBE%L. boulardiFiL. heterotomaZ.
%A A W E E E #F K 4 (Colinet et al, 2013), BT RAMEREFHREWE LT
GHEEREWRE, DENEF RN EEXR. K, FEEFREERFENE XD
BEEMBZ REAFR.

32 FAGEREIXENRR

PRy, FLEBRAI ARG T FENSHE, A+FRFEINRERET
BEWHAER. AT, FLLSREENAFESCARRANAE. ., EOESHRN
HREN, SREFFCHEHALHFEHBEETERT, ZFLBLENROSHAR
(Wong & Belov 2012), F A% TRt BT XX A~ LHNERER. RBATELERK
RHIBE L. boulardi% W A HLbGAP i — 15 5 A — A-RhoGAPZ M 38 4 Ak, #MU AT
& % B F B 9 ®IRhoGAP(Labrosse ef al, 2005), Elit, BERAL R UL AL FLEER
A EMRhoGAPE NN ERE G, ERAXBWIAIBRUEHELETRE
(Goecks er al, 2013). RRAXLERFEORTHRITERNES, HHHAHEHEN
B, /R H A ervid i F B v -glutamyl transpeptidasetr, X F A & U # & B £ &
% fF(Colinet ef al., 2014). Gaelen & Strand (2014) 3T 5 ¥4 % ¥ M. demolitort] % & % 4£
B F#AT 047, &I Ci-48a-likefrreprolysin-like X H Rk X & T A EEH|FH, HEFH
B WA E R E R R 4Tk (Burke & Strand 2014). %, EHEHAENERELE T,
AEEHEHBEE S RBEAFFREE, EERIRBEEELRLFN. Moreau &
Guillot (2005) * % #F LB EHEANESRETHN, EREKAFLEREFREE TR
EHEZBMETIREN, T4 AJohesE A (1992) RHEMFABFRETIRERAFHRLEN
2 % (Moreau & Guillot 2005).

FhBEENARTFFLdR T AT RALERATFES, TRHE. CAFSFHEE
W EBER F Fode novok RE T ERBHFNEREE  REAFRBAEY T EL RF K

N, MEEEEABPIYTANE TR D, EYFTAER LY ELEEATHBERE
A E, XS HF EE N A X (Haegeman et al,, 2011; Mitreva ef al., 2009), &
F k¥, Ellen®F A (2016) XIEH AMEREIYLT ABEEE O TR/ ZTEK
FHEZNEER, ARBEVEFEENERED, HETFEINTRRMEXEEN#E
F % ik (Martinson et al., 2015). | A W E MR F A F R R F . R8T 4 ¥ Ganaspis
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sp.1 ¥ ¥sarco/endo-plasmic reticulum calcium ATPase (SERCA) XEAH AT & 41, —
MEFRFRFRE, F-MUESER T FRLMortimer ef al, 2013). 7, FAEEER
ROwTRETEAEERLAEWEEFA. v, SMEBCalreticulinZ HERTHEX
AR, EFEENENMEAHFRA, BORBFEEEFHF, HAELNFLEFH AN
# M 2|(Wang et al., 2013; Zhang et al., 2006). 4, AN FLEEFXAREBRUNER
AW, GHRACHEFFIRA BRE. T2H05E 8RR T EHde novok &, E1
EHHUKFETAHFTH— P,

3AFERBEPRAEFERENX R

HEBHKFETEH, EWEMELSE, BEA LS4 T F £ K (Pennacchio & Strand
2006; Whitfield 1998). 4B ZFRGHF A REHXE, B THENTERZ, LTFH—
L. FEEFREOMALRRURTERAFEINHBAEX? REAFENFEH
HAX? FZRBE  WEFLLBRRTRAESNANEREZE? £l FLEANSF
EHEMRRF, FLAEFRARRET EHNEA? RURANEEE RE—FHTH
%

T W & & % Preromalus puparum#a 5% & ¥N. vitripennis B B F LB R + £ I,
P. puparum®) B B G N. vitripennistH &R, MAREHX O REHAFLEER, EFTE
W FFI B E(Yan et al, 2016). X—E R EWNF ARG TR ML RBEHNEUHE—FK, T
P. puparum | & £ & /)N ¥e T #) o A8 5F 05 81 S0 FF AR W A F A S LA R (Yan et al, 2016).
Bl B, W& £ ¥P. puparum®BR 2 50 RN, vitripennis 5 R A F LS X F T ELHWERT
A, ENFLEMAFNERTAMETREAFEALAEX.

4T ESERFONNRATR SR

FhEy s, TREREAFEYRNY, BERERFE, WL EARR
% & (Choi et al, 2004), Jsh, FAEFREOAL—BREATTEARFFZZSNEY,
EXBMAE AYBANEF L ERS I FEHINER, FUTAESEREORER
BRAMFAIEOBRUERF, TLFALEREREATHRABANR 2 ETFANRE 2%
B s, UEME 2R ENH R ERREIEEWR TR RN, Fo, S8R TL
FEEERFTOTEIRFOAPAFZEINARTEL, ATTATHEGHERFT ZET
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. 41, Danneels% X H Nasoniad % 7 L7 | HEK293 41 ff #YNF- «Bi& % (Danneels er al.,
2014), Werren % % 3 Nasonia % 7 ¥ DL ¥ & A ¥ K K % M #9 Sorbitol X #t #&
(unpublished) -

R, HRTHFASEREON) MEAWE, HEXEAARN T 2HD, 24K
A e A F Ak F A F 8B AR . 39, Rodriguez-Andres % ¥ 5 1 Vg % # M. demolitor
% 4 [H FPDV & W Egf1.0% & # N\ % #3 £ & 7 #.7% & Semliki Forest virus ¥, = DL B & #5&
H 3t 5 B AP B dedes aegyptif] B T3 F(Rodriguez-Andres et al., 2012), Maiti % K 41 & I 74
# ¥ Microplitis croceipest1 % 7 40 L4+ W& EITSP14% N R E, ¥ 4 JF B3R 15 7 JE 3F AR
Heliothis virescens %1 il ¥ K ¥ Manduca sextat] Fi ¥ (Maiti ef al., 2003), F 4 % & & N #t
RED, B od THEUEREAN I HEEAATHHREEE,

SHEEBERNTR T RRRRWE

DHWEARSRFOFR RS RAATEREEN S B LRI ARERERILANR
%, A TEAMNLERE, ETENEEN S BERER T EERLYMFEE, HH1T0
Wa, RALRATERAS . AR EBFENERE, XNRMIAEEC rubeculaZ
& F B9 Vn50(Asgari et al, 2003). ¥ KRR E® L boulard; % # %+ #7RhoGAP (Ras
homologous GTPase Activating Protein X(Labrosse et al., 2005) . ¥ 4 8 0 47 4% 32 ¥ C. rubecula
H K #Vnl.5(Asgari et al, 2003). [ /RF & ¥ A, erviF # #y-glutamyl transpeptidase.
2 5 4F ¥ P. hypochondriaca® ¥ ¥ #Pimplin(Parkinson ez al., 2002)# VPr3(Dani & Richards
2009; Richards & Dani 2008)% % ¥ % Fl g # X K. H KR L EARHARYE, KT E
ZWRTFHERENMASFRAN, ERERES—HAETESHITUNINS, WEARNER
R FE AT 4% L E B8 E (de Graaf er al., 2010; Wu et al., 2008).

FARREEEARERERE, ZAREERERLFIAEEEL, OISR EE
B E, BHTRERIE. K KAMEEL boulardiF & F #Serpin(Colinet et al., 2009),
EREBAREREC rubeculaF k4 /N E ER T 14 W& G Calreticulin(Wang et al,
2013; Zhang et al., 2006) . & Z 55 35 ¥ P. hypochondriaca® ¥ # 89 %& H 4 4 VPrl(Richards ef
al,201)%, HRAZEMERZRE. IR EEAATHRELF —EWEES. F4
HEREAEFENS Y, BERETERBHALZET L¥L boulardiFL. heterotoma,
ERA e FNEGFE B FE # B (Colinet ef al, 2013; Schlenke ef al,, 2007), X H %
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RITFAFEEERARZAEUMLELE. 7, FEE TS L RARRUNERE G,
FlRF P bR AR R BN 2 E R E G 1 ) #E(de Graaf er al., 2010).

HH, RNATHF AT HEEFREFGAR, 3t ENasonia T . RE T —F #
B. RNAILR &, Nasonia® & # HiCalreticulinfChitinase 4 5| E R =5 £ B4 A /LT
JR AR B 7 7) B(Martinson er al., 2015; Siebert ef al., 2015). {E g FTRNA T4 # 7 i
RN, BEREORAIAL, UBRALEEABHRERBERE. 51, FEEER
HIBF AR R TIN5 77 i

WAL TRNED LR, AABRANTHES, £4RFFREEEN—2HH
FRABRNB. FEEFRRANEREBEUT AT TR E.

D AFEANASER., MEHKRRE, EaHENRARER, S$F44FERFR
BET H o 28 Lk 5 H % £ 15 B(dos Santos ef al.,, 2010; Pinto ef al., 2012; Yuan et al.,
2007). FEEEFEANEWERMEAKNTHRES, LEREZRMUNFHANZA, ##
DEFEEEFANFPHENFHER, £—FFEFLEERNY £ B (Sanggaard et al,,
2014; Werren et al., 2010). E#, #FA. REARATRKN LTI SE, LEEdenovoE B
B S A KR (Seidler er al., 2010), wHAAIWRMFLEEREOLE TN R, PR
AN T EBERNER. '

2) XEITHEBEAWEA 5% E. ZFN (zinc-finger nucleases) . TALEN (transcription
activator-like effector nucleases) . CRISPR (clustered regulatory interspaced short palindromic
repeat) FEFRBHEANKR, —FTEHEFHEERSR. WA, AR, TREZFEANT
B, WAARWREREOHEWAR: Z—FE, CEREEHLELHREAFANEAES
B, THRANWEEAREENFE(Gajeral,2013), EHFLAEFRNATLAENE
#. RAZCRISPREA, EARRNTREES ZNENE, CHRARTHLAY.
RfEH. B, Lk, BA% S 0 & Yy & [ 4 8 (Pennisi 2013), 5 . £ 7 Nasonia ¥ R 1%
WP B RS, RESRTOWFRELATE, bERIHERSGEL,

3) HEEMAEERAMARNUNA. GRERERANEY, TUNSEHREEFR
PREFEAGAFTARELWER, HA—FNZERT LSBT HNFERAS
(Vetter et al,, 2011). 7, EREARHBEES KT ERAEA, BRELMBTBAFHLE,
HEARMRTEAMERE O ARG EMHTR.

4) HREHAR (Microfluidics) G A ARSI N HEABHER, TEH TEE S R/REK.
BELAT. HMANT. HEEERE., BERERE/ZREANFE S MR HDueral,
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2016; Juang & Chang 2016; Reverte et al., 2016; Zhang et al., 2016), 4 & FFH 7 F K&
JEMEARNERMEAMEARA, AALERATHFELEEERE WML,

6 &EXIE

FAERMEES, EMEA/MARFE, FREFRSH, ERRTEMTRAMSHR
WHEENPEREALE, RARFARLLEFNEREE, FEEFRERFLENRE
WA REARTREBREEERHERTERFEYNRES, URDRGWEA. AT,
HRTHEEFENERER AREANE, FEEFREANFAAT ALK, HRTZ
HkE, HH2AR, LATEERANED.

B F A FERAAEE TG, AR TR, FREANTHKXE,
FAEGERNAL SRR TG T e, H#UXR LR EFERWBN. £k,
BIEEHRERS N T L SR EORERLEZEFTABET LANA, /AKX,
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FoE RSN EXFARNTF R H

M E L/ NEN viripennis EHEXF L%, CEF - MEHERNFHF £ 4
(Werren et al., 2010). Nasonia% BIEMNFT)E T HFHEM AW EEBHST R, TF%,
MEEFHAMNFNROTH TH, BXESHRHOEFARATNF. KRe /N
Pteromalus puparum ¥ Tl % % % 4 /] ¥ [ J& Pteromalinae T . E 5 WM K & /NN
vitripennis (SM A H) HETEHE, BEE I EHAF A, FH-MREHEASEHA
SFEEATEE NN ES(Yaneral, 2016). H T RBEXTENEEE R, AURANKNE
WA AR, RIS EL/ S LFHAHTT NS, A, ZLEHAEA
M HAEASFERBELZRRELFOLRASL, LR YA RAF A AT £ HAH
MEARERBELENERRER

1R BEF &

L1 8RR &

e TR ERAR AN, FAFZ AT HEARNER KR (Cai er dl,
2004; Zhang ef al., 2005). {AF &4 H25° C, REAHHL: D=14: 10h, LUEERMLE,
T FHLHERT, HR20%H B EAHEE R,

1.2 DNA B #l &

DNA#| & ¥ F B4 NEH AR, ST NFBXENNE, BXREE/ NS o
MR X% ¥ 5, B %AQIAamp DNA Micro Kitit | &# B, & T A BEEASE, %k &
Bl— & EMF LS B2 %%E, ¥HQIAGEN Blood & Cell Culture DNA KitiX 7| & # B
DNA.

1.3 £ % & shotgun ¥

ANk I DNA B F 5% B T Hiseq#nPacBioE A 89 W . i A F B K B 4 7 4
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500 bp. 2 kb, 5kb. 10kbAw15kb#yS ¥ L ERAM R, H K AHiSeq 20004 7 F & 4 7
7= A83X 38X, 33X MI2X By %, IR, FIfPacBio P6-C4 chemistryi il #£ PacBio RSII
TSR R = 4572 Gb . %3518 X 535 B #PacBio$k ¥ . A7 1R PacBio$k 1 Y T 4%
Kk #H28%kb. &E, HITMFF£77.23 GbHKE, 24122 XM FRE.

1.4 3 HEL IR

MAFHERZTTDNA R, BE, WFLANATRLEFEM, ATRARESR
FEAWMAREES EERE A SN F AW E W, X A FastQC
Chttp://www bioinformatics.bbsrc.ac.uk/projects/fastqc/) 1 NGS QC Toolkit(Patel & Jain
2012)8 40 ER R BB AAT LR, UHRASMGEF AT, LWFEEZRR: 1) LK
EHF L FIIN reads; 2) #H reads A HAMEMBEAE, TREHE; 3) 4 Eril
F read FAHH N WA BHETZE read KEWHFE 10% B, FEERIER KR
reads; 4) &F PCR ¥ & EH, FRWELW reads; 5) B EHI)F read 4 7F KK
FREE=S)REHL AL LF read KEWH 50% B, FEEZHUEANAN reads; 6) AA
BEKEE R 10-20bp WHEERERMK, REEEFELI 20bp MEF 30bp &3,
## %| Clean reads.

15 XFHH AR

AR E R BN CERWMNFHIE, KF SOAPdenove X # # 47 $f #(Luo et al,
2012). #kJ5, % SSPACE#X 4 (Boetzer ef al., 2011), F| A paired-endfZ & #f # % Z|scaffold,
3 3K JHl GapCloser#f f # 4T /& #1420 75 R AT IR 7 b, 4] FPacBiot K i K K &,
F I PBJelly%k 4 X f#scaffoldst K  (English ez al, 2012). GC4-# 89t % F 500 bpHJ &
O fu250 bpty F Ko A BREA X EWreadsth X EH BN ERA RS, #MitE2EEHS
HINFEERE.

L6 EXFHER

% Fl de novo T Fu Bl Rt 2 B 77 ik, 4 Bl EDNAFEZ G AF, MEH LN EELF7
#Fn %% ¥ ¥ Transposable Elements (TEs) & 5 #17 7 #lill. &%, K RepeatModelersk £ M 3k
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METRES N NEEEFIINEEE, A28 RNESEE, LK P4 HRebase(Roberts
et al., 2015)(http://www.girinst.org/repbase)f*Mips-REdat (MIPS Repeat Element Database)
¥ B, X iRepeatMasker®l t X B & 5 7 # 1T LN (Tempel 2012). [ #, HKATXH M
RepeatProteinMask  (http://www.repeatmasker.org) |5 WU-BLASTX th*TE®E & ¥ 3, UL
SREEFFIMEXHEE. 5, X F T HHTRF (Tandem Repeats Finder)xt & £ /7 7| # 47
i B (Benson 1999) . *f F SSR & %], # {1 % A MicroSAtellite (MISA) 2
(http://pgrc.ipk-gatersleben.de/misa/misa.html) # 17 % &,

1.7 X% B £ HA

& i 2 & de novo TRl . I L3 FRNAR 7 15 B8 7 &, KA EWE /N FA +
WA M ETT M. X TdenovoTilll, FIRELFFE, 45 %A T Augustus(Stanke
& Waack 2003). SNAP (http://homepage. mac. com/iankorf) FGeneid(Blanco ef al., 2007)
HATTA . T EBFELTN, £F T K EA. mellifera. Anopheles gambiae. Drosophia
melanogaster. N. vitripennis # Tribolium castaneum 547 ##y%& & F 5|, &8 it tblastn

(e-value < le-5) AT ERF S NEEFEH, HXFGeneWise# #(Birney & Durbin 2000)
HATE BT A . BT RNASF B E T, W F TopHatth B EHA)F5], &
#I 5 Cufflinks# 47 5t % (Ghosh & Chan 2016; Pollier et al, 2013). % /581% H % & % A
EVidenceModeler (EVM)# ¥ 7= & (Haas et al, 2008). & )&, FIARMMNHEALS E
TransposonPSIZ{ # £ (http://transposonpsi.sourceforge.net/), LA £ & F W B RN E R .

1.8 X [ 3 st BN

T MR EE, 8EF A EEF7], K Abdlastp (E-value < le-5) 44t %t E SwissProt
FTrEMBL# # J£ (UniProt 2010), KEGG pathwayfg & /& % X IKAAS(Kanehisa & Goto
2000; Moriya et al, 2007). % 3%k % % % A InterProScan (Version 5.2-45.0)(Zdobnov &
Apweiler 2001), 4 #|tk % ProDom, PRINTS. Pfam. SMRT. PANTHER#PROSITE% #
% . GO (Gene Ontology) i % JU|F| F InterProf & 3 47 H (Hunter ef al., 2009).
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1.9 %% RNA B8

rRNA, snRNA #2 miRNA # 7= B % A INFERNAL %% # t #f £ Rfam % 1 )£ (Release
11.0)(Nawrocki & Eddy 2013), E&, XTI ASEA, RNAKWIER (4585188
%) 4% F RNAmmer3X 1 # 17 il f|(Lagesen et al., 2007). tRNA¥ i tRNAscan-SE# 4 i
A7 FMl (Lowe & Eddy 1997).

110 XERER K

FETENEFAEABRITE, EHRBUNL LR TZEWER, $FEBhEEEEH,
RAFRARKOTENEERT BN L. FHEE 2T, % Ablastp (e-value < 1)
HATH B L. &5, % Thlastpiy & &, K F OrthoMCL# 1T % [ % 1% B #(Li e al,, 2003).

1.11 b

£ TOrthoMCL% £, R B AR 84 N E ., &G F 5| K HAMafft# ¢+ # 17 %4 (Katoh
& Standley 2013), %%z F| # pal2nal$ & [E CDS t. %t (Suyama ef al., 2006). # # #CDS %
X £ % ] Gblocks % P& (Castresana 2000).. # b4 2 % FRaxML (8.0.19) % #4(Stamatakis
2006), B 5H A &AM (maximum likelihood) XK GTRGAMMA % a4 I,

112 o i B 43t

ETHAEENEENWEMHNLA, 2L E R HPAML F HYMCMCTree#: # # 47
fiir, FrA By 5% Hclock=2, RootAge =<10, model =7, BDparas=110, kappa gamma
=62, alpha_gamma = 1 1(Yang 2007). £ ¥, A T & ¥ 8910 4 1L Bt 5] E % 5k B TimeTree
database (http://www.timetree.org/), 4%l % C. solmsi marchali5T. castaneum4} ¥ B¢ 8] 4
310.7-378 Mya. A. gambiae5P. xylostellas B Bt [E] 1 199-344.7 Mya. A. melliferas C.

Sfloridanus 4Bt B 7 138.8-163.5 Mya.
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e EEFARA2EHHASEE ( WGS) 8, H 4% Illumina Hiseq 2000
XA A B AN XEHEAT T WK% ( Paired-End) W F, BB RATHAT T B A F ki
I (F2.1). ERTAKEL 71.51G, FE/ER 4 CleanData # 45.71G KERATE
oM. B, FAEZRMFHEA, #47 PacBio W F, KEFEHNFRIEST2G(k 2.2),
R FAE RN FHEHEER,

ARTZREG RN FHERE, RAKGHEXFL A/ 338.1 Mb, Scaffold
N50 % 1.16 Mb, Contig NS0 % 38.7Kb, (%2.3).

21 ZRNFHEHEESRIT

Table 2.1 Statistics of Illumina sequence data

Insert Raw Data Clean Data Depth
Lib Size Read Reads Bases Read Reads Bases

o X* Xk
(bp)  Length (M) (G) Length (M) (G

500 100pe  264.05 2640 95pe 247.60 2352 241 8252 7351

Illumina 2K 150pe 80.70 12.11 100pe 5848 585 10.17 37.83 18.27
Hiseq 5K 150pe 71.10 10.67 100pe 56.09 561 190 3333 17.53
2000 10K 150pe 69.15 10.37 100pe 5202 520 649 3241 16.26
15K 150pe 79.71 11.96 100pe 5533 553 222 3737 17.29

Total - - 564.72 71.51 - 469.51 45.71 - 22345 142.85

®22 ZRMFHEE ST
Table 2.2 Statistics of PacBio sequence data

. Average
. Insert size Raw Data Raw Reads  Depth
Lib (bp) Rea?bl;)ngth ©) o) (X)* AverageQ
PacBio 20,000 2,762.18 5.72 2.07 17.88 42.20
23 W e NEXFAA RS
Table 2.3 Statistics of P. puparum genome assembly
Type Scaffold Length Scaffold Number Contig Length Contig Number
N50 1,160,518 51 38,691 2,110

N60 769,849 87 29,511 3,083
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N70 493,271 143 21,862 4,373

N80 304,817 231 15,414 6,162

NooO 166,135 378 9,004 8,894

Longest 13,552,012 1 363,734 1
Total 338,104,454 3,446 327,448,593 22,140
Length>100bp 338,104,454 3,446 327,444,487 22,089
Length>2kb 336,554,365 1,533 322,179,264 14,465
25 BEFFIRHA

ERAATEEEAREWELZ RS, £F, B2 EEF7(Simple Sequence Repeat,
SSRIE EMAWMERE R EHFE, — KA 1-6bp ARBRKEENELFH, TEU
2.3 MEHEBRAEL LM W(GAN, (ACn F(GAA)N % . MISA[SE B R Al 4 /7 7
WMTERMEAMTEREMAENE., RAZKESMERE T SSR FF|, ETEFE
/N R FE S SSR FHIA 207,930 AN, B, NEMBEEFH], XA RES KA de
novo Wil FAMNEXNEANELFHHATERE, SRETHELIEEFTATEH
4140 % E A R, A E TR R £2427.

%24 SSRA4-A Gt
Table 2.4 Statistics of SSR distribution

Number/Size
Total examined sequences 3,446/ 338,104,454bp
Total identified SSR 207,894
Compound format 35,776 -
Sequences contain SSR 1,543
Sequences contain SSR(>1) 1,369
%25 SSRAHK%it
Table 2.5 Statistics of SSR classification
Type Unit size(repeat number) Number
pl 1(>=10) 67,479
p2 2(>=6) 83,139
p3 3(>=5) 19,126
p4 4(>=5) 2,063
pP5 5(>=5) 193
pé 6(>=5) 90

p7 7(>=5) 28
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*26 EEFFINERFITER

Table 2.6 Statistics of repeat sequences

Type Repeat Size(bp) % of genome
Trf 10,628,803 3.14
RepeatProteinMask 53,405,364 15.80
RepeatMasker(Repbase) 66,751,708 19.74
De novo(RepeatModeler) 112,081,444 33.15
Total 137,826,833 40.76

%27 ERFFIaRFA

Table 2.7 Statistics of repeat sequence classification

Repbase TEs TE proteins RepeatModeler Combined TEs
Type Length % in Length % in Length % in Length % in
(bp) genome (bp) genome (bp) genome (bp) genome

DNA 18,800,790  5.56 13,563,349  4.01 19,357,085 5.73 31,682,914 9.37
LINE 20,079,614 594 19,488,503  5.76 23,560,680 6.97 29,549,823 8.74

LTR 24,224,517 7.16 17,817,908 527 27,669,151 8.18 38,674,494 11.44
SINE 90,166 0.03 0 0.00 166,592 0.05 278,486 0.08
Other 5,400,349 1.60 2,697,216 0.80 6,417,342 1.90 19,964,182 5.90
Unknown 771,011 0.23 0 0.00 35,623,672 10.54 22,818,978 6.75

Total 66,751,708  19.74 53,405,364 15.80 112,081,444 33.15 137,826,833  40.76

2.6 XHLEM K RER

4B % Flde novo TR, EJEH X FRNAMFZRFMNE =M F %, HEEE N ER
HEPHERERATTN. KL, EEH4 EEFAPETNEEE 14946 4, F
W FAKE N 9332.16 bp, F¥ CDS K& H 1446.29 bp, BENEFE +F4H exon F
WA KA 598, FH exonk E X 241.94bp, F# intron KE N 1,584.19 bp (%k2.8).

W T Y % 4 A B %t Swissprot.  Trembl., KEGG##{EE, #EEhgEE.
o, 1003843 B 7 Swissprot#k 4 & 45 B thoxh i, 135264 B £ Trembl ¥ 42 & + /%
Bl xR, S7T97TRAKEGGHEEHE R, 377 EBHREAGOEELER, 1027 M EHEH
InterProscanBy F B4 R, Bt 1I3STINEEFED — NI EER, SR TIEEW
90.80% (%&2.9),
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Table 2.8 Comparison of annotated gene sets between P. puparum and other insects.

Specie Total Ayerag-e Average  Average  Average A.verage
number trainscript DS exons exon intron
of gene  length(bp) length(bp) per gene length(bp) length(bp)

Pteromalus puparum 14,946 9,332.16 1,446.29 5.98 241.94 1,584.19
Apis mellifera 15,314 7,616.47 1,775.73 5.32 237.82 1,290.27
Anopheles gambiae 12,806 5,481.96 1,606.46 4.05 396.31 1,269.17
Drosophia melanogaster 13,892 5,957.76 2,203.52 3.90 404.77 1,104.90
Nasonia vitripennis 17,083 6,950.65 1,415.72 5.32 266.26 1,282.08
Tribolium castaneum 16,524 5,285.18 1,350.74 4.34 311.14 1,177.53

®29 EWhRERGI

Table 2.9 Statistics of gene functional annotation

Type Number Percent(%)
Swissprot 10,038 67.16
Trembl 13,526 90.50
Annotation Kegg 5,797 38.79
GO 8,377 56.05
InterProscan 10,927 73.11
Annotated 13,571 90.80
Total Unannotated 1,375 9.20
Gene 14,946 100.00
2.7 k%% RNA X8

#HiL 5P RA RNAKK, #@E4/ XA LT HEB 2B 2 miRNA204 4,
rRNA 140 4, snRNA 52 ALK 20 4 snoRNA., %, i ittRNAscan-SET| 4 &% 4/~
®EHH FHRNA, KB tRNAFS28 N,

2.8 #M R HT

ARRBEERE —MEAEEN —AEEEK. EEREWER, REL 24 F
REXEW-—ANFH. BXAREFNREREERENE RN, TG EENEEE
RS ENEARK. THURIGHEFHERmRE, CITRMHNERERR
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HR. BINECERF L EEN 13 MR EIRREEZERARKERE (H2.1).

40000

B Single

B Multi

@ Unique

B Other

O Unclustered

Gene Number
20000 30000

10000

E2.1 %98 /NE 5 vy Ar B R & F & B 4t
Figure 2.1 Homology gene numbers in P. pupaum and other insects.
A, RERDB MM EARTHEENEFI21), ETRIRIMEHNERH, B2
Wife it ek %o 4 R KEAP puparum 5 N. vitripennis 3 4 % % #& #1, ¥ K 4 C.solmsi.marchali
(E2.2), #tTW, £ Ttk £, #MP 4 E E 4 2 A B o P puparum 5 N. vitripennis
# 7fL BF 18] 29 £30.0719 Mya (16.8-68.8), P. puparum’5 C. solmsi marchali#q % 15t 8] H
137.3169 (92-205.9) Mya ([H2.3).
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A. pisum
7. castaneum
100 100 D. melanogaster
T A. gambiae
100
P. xylostelia
100
B. mori
10
D. plexippus
C. solmsi.marchali
100
100 P. puparum
100 N. vitripennis
A. meilifera
100
—— C. floridanus
100
H. sa”a‘tor . Divergence substituion/site
0.0 0.25 0.5 075 1.0 1.25 1.5 1.75

H22 g/ ST EARLER

Figure 2.2 Phylogenetic tree of P. puparum
A. pisum
T.
D. melanogaste

' ::;——-lﬂz 0483 (78 0-262 8)
=376 712369519 A,
198.6-229.1;
P. xylosteli
e r————s. mori
» 89.2719% 5.4.28 2}
N D' F (ol

C. solmsi.marchall

l— P. puparum
36,6715 {15.6-68.8¢
|— N. vitripennis

A. mellifera

137.3169192.208.9)

133119382372}

1289 {140.2-104)

H.
- T Mition yoars ago
400.0 350.0 3000 250.0 2000 1500 100.0 500 0.0

E2.3 4 fLefla & HE
Figure 2.3 Estimation of divergent time between species
AL HEANRKE S04 et s (#1424 F 7 #Million years ago, Mya); 7RI A4 &1
T EALBNERE: C solmsimarchali5T. castaneum- ¥ Bt 18] 79310.7-378 Mya. A.
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gambiae 55 P. xylostellaZy ¥ it [8] %199-344.7 Mya. A. mellifera5 C. floridanus -1 8¢ 18]
138.8-163.5 Mya

33t

SR e/ MEERARD, BRENEEER, 26EK. RA-RES ZRWFHF &,
RNBABETRECNHELER., XEAGEMRBRAEBTHEA T KT N4
B, RH. HE RMES M ABLR, Ak, THREe/  ERTRSE, #EF
A H AR BEAGCROUEmEARRE N EF R EENEE, $TRESTHH
WA BER G RENRIER .

EABXT, REGEARAA SO AERT AN RABMRET B Ea,
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FoF RRS/ P EERT LRSI

EREREENEAERREZE, * 85 %(Lewis et al, 2012), #¢(Koh et al,,
2006). & T (Rodriguez de la Vega et al., 2010) . ¥ % (King & Hardy 2013; Sanggaard
et al., 2014)7%% % ¥ (Peiren et al., 2005)FHFRHETXE T -2 R EMAEH
Ro FAEBREGITHOT /M, SHBENTY%, $HETHETULTARAN
W E 34 (Heraty 2009), FALER THRFMENEELXERETE, AT
FHEEFEWEAN, HERARAMEMT2EZ ., MkHL /N EEELF
4 W48 o 5 & /) 3 B B Pteromalinae 54, AR T H A F A s SE LT R B
A #F 4 ¥ (Yan etal, 2016). E T, & N fo 9880 &/ NER BT LR R
S EEENFEEHRANEALTNARE. XALIEARMEORELEEGN T
#, BN ERE BN EFREGERHATTER, A5 EERE N EFRNY
RER AN REE T i E A,

AR5 7%

L1 B B

RS EAREE _FL]l. WERES/ DG E5RBE/NERFTIERM,
TEBRWER RS MR FEHNFIE

1.2 ZEHAEF f1 RNA R

BANEO-TR BB Ja R & /NGRS, BT 70 "CHRA S04 R R F,
TG R T . BT ¥R 7 4 1 unit/ul RNAase inhibitor (TOYOBO, Osaka,
Japan) HyRinger’s saline(KCl 182 mM; NaCl 46 mM; CaCl2 3 mM; Tris-HC1 10
mM). FEFEHREREHEERED H UK ETrizoliXA (Invitrogen) +. &
RNA$ 5% 8 Trizoli | 9 4 o
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1.3 cDNA X EHAENF

CDNAX EMMERMFHEHRENE AN E Z K. ERERNAXA
Sera-mag Magnetic Oligo (dT) beads (Illumina)i& | & &b G, FIN6T| 44T K #
F. BB, &K% -4 cDNAEE. # 88 LFPCRY # & % A QlAquick Gel
extraction Kit (Qiagen, Germany)#/T#451 . ¥ 4 & ¥ cDNA & X A lllumina
Hiseq 20003 17 X 3% 100 bp#ll ¥ . & B fn 7% 4K ¥ cDNA X Ul % A 1G Illumina
Genome Analyzeri#t 17 X 375 bpll 7 .

1.4 EXAEKELN

41 JB $6 % 4B 3t 9 J5 F A Trinity v2013-02-16 3 17 #f # (Grabherr ef al.,
2011), 3 F Fblastx (e-value < 1e*) WXNCBlnr¥ # E (201343 F ) *funigene
HAFEE. kL EMNFE A K HeXpress v1.3.33 4T 151 (Roberts & Pachter 2013;
Roberts et al., 2011), # B fn 7 (& |6 B 2 7 & 15 447 F FI DEGSeq v1.2. 28 AT 447
(Wang et al, 2010), # #pfi% F Benjamini & HochbergiZ# TR E. HEGH
P-value < 0.001, log2(FPKM_VG/FPKM Carcass) > 1 HFPKM VG (Venom
gland) >10f F & X # &I & £ 5 £ 34 Wunigene, & 5 K% F # £+ SignalP 4.1#
7 Ml(Petersen et al., 2011). 1% ¥ #4 #unigene 3t — 3 ENCBIL L # W blastx F T
Wrt, AREL A EREMBER, FHLKNE, ZaBasi. R4
AEE. ERRBEA.

1.5 & A NE LR AT

TSN, ERe/ E, WERFEL NEREAAFLEESTRXA
blastp# {TH. 3. HthAF AR EREZE|ETTFIREER, ZERRELCHEL
boulardi(Goecks et al., 2013). L. heterotoma. A. ervi(Colinet et al, 2014). M.
demolitor(Burke & Strand 2014). Microctonus sp.(Crawford et al, 2008)F1C.
inanitus(Vincent et al, 2010) . % ¥ B & % % K OrfPredictor
(http:/proteomics.ysu.edu/tools/OrfPredictorhtml) 8 & K & X B F 7. K, Hfb
mEF A B FE R HEEYFY W F A # — ¥ ® 2 CDHIT
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(http://weizhong-lab.ucsd.edu/cdhit_suite/cgi-bin/index.cgi?cmd=cd-hit) & & 7T & F
B, FH—FHHEMERH0.5. %57 3 KFMUSCLE v3.8(Edgar 2004), # 4
) 7 X AAMEGAS ¥ B4 & A (L 4% # (Tamura et al., 2011),

1.6 W & 5 R B

RPANEO-TREXHEW KR NERTRER L N EMgE, ET-70 °C
NS RRFRE, T/aa A ERNE THES . BTH EE % & Ringer’s salines
# (KCl 182 mM; NaCl 46 mM; CaCl2 3 mM; Tris-HCl 10 mM, 1 mM
phenylmethanesulfonyl fluoride). % ¥ 7 % #k J& # # E eppendorfE , 16000 g 4 °C
144, LEFF0.22 pm Millipore i B E T E, #ET-70°CE&H. F&
& B ik & % F Bradfordi Z £ .

1.7LC-MS/MS B R# %%

100 pg H¥FE/ P EFHAEFERATEET2 plEFERF(T M urea, 2 M
thiourea, 4% CHAPS, 0.5% Triton X-100, 65 mM DTT, 0.5% Bio-Lyte, and 0.001%
bromophenol blue), K J& # 17 12% SDS-PAGE . i 3 Coomassie Brilliant Blue
R-250 (Bio-Rad, USAYR&. R#EF TEAND, #EORVER21E. F—RE
¥ % | % 5§ B ## FF £ 1T IDLC-LTQ-Velos (Thermo Finnigan, San Jose, CA) i i 4+
M. B A% % A Zorbax 300 SB-C18 (Agilent Technologies, Wilmington, DE)4F F #
THH, /KRG, XA 4% &RP-C18 column (150 um id., 150 mm length) (Column
technology Inc., Fremont, CA)# 1T/ B . EHAN01%FH, HHEBASI%NLFE
0.1%F 8. 7% 4 A 1h 4% HBF- E50%ME BB, &R & HHRER
B R BB R 209k . R BB K B Sequest H ik 1% R uE & N H T HHIE
JE(Eng et al., 1994), % # Carbamidomethyl of cysteinei% & % fixed , oxidation of
methionine % & % variable modifications. Delta CN (= 0.1) Fucross-correlation

scores (Xcortr, one charge = 1.9, two charges == 2.2, three charges = 3.75)A F
WERBERE, 280 TEEEE LEFATAER TR,
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1.8 £ & qPCR

cDNA # #% X J TransScript one-step gDNA Removal and cDNA Synthesis
SuperMix (TransGen, China)i 7l & #£17 & k. 7|#%4 Primer 33 #Fi%it # & L&
ELe K. FrAsIMFFI£R31FF d. PCRR % ABI7500 Real Time PCR
system(Applied Biosystems, Foster City, CA)¥ # 17, B X A # SsoFast EvaGreen
Supermix with Low Rox (Bio-Rad, USA), & F E /T % 0 T : 95°C#E30%), 95°C
ZHS5t, 60°C B34, BEHANMFRELZAONMEH ., HH AL EITHERA2
"CT 37 % (Livak & Schmittgen 2001), FrH 1% 418 S rRNA. # /| Student# 1 3 77
B ¥ 2 #7, drp-values <0.05 Hlog2(Expression ratio venom gland/éarcass) > 1 E
X ZUnigene E H R+ £ 7 Rk,

1.9 Westren blot

R EFRETANREWTHAE. ELENEEEEGOBPEPGEX-4T-2
FRiE, EMHWE EPpET-28aR Ak F Rk, B-actinf —HMERE., EREH
K AR 8 7 12% SDS-PAGE % % , & fIMini-ProTEAN Tetra system 16 V% £ 16h
EPVDF (polyvinylidene difluoride) f. # | E /G, PVDFE L B 54 R4
& (REFR BN FBES00 £20004) Foactinditk (FHS000%) BE1 h. =
i % A ¥ #U & 1gG-horseradish peroxidase (HRP) conjugate (Sigmae Aldrich,
Taufkirchen, Germany; # #50001F). #% /5, PVDF/¥ X ECL Western Blotting
Substrate (Promega) & ., # T Chemi Doc-ItTM 600 Imaging System (UVP)¥ F& ,

1.10 ¥ 3% b4

B H B 5% R H R 26 0 F B ¥E L L5 ENCBI  Sequence Read Archive, %5 %
SRP055738, # KA B #E L R T L £GenBank, % 5 4 GECT00000000,

37



LR LA
L

BEF S MNESREAER
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Table 3.1. Primers used for Real-time PCR verification of putative venom proteins

from Pteromalus puparum

Sequence ID

Forward Primer

Reverse Primer

[y

comp45178_c0

2 comp39547_c0

3 comp29468_c0
4 comp39512_c0

5 comp22199_c0

6 comp43143_cl

7 comp36032_c0

8 comp39522_c0

9 comp28596_c0
10 comp22365_c0
11 comp36135_c0
12 comp44819_c3
13 comp36103_c0
14 comp22216_c0
15 comp44303_c0
16 comp28217_c0
17 comp36121_c0
18 comp45164_c0
19 comp41377_c0
20 comp42418 c0
21 comp45101_cO
22 comp44465_c2
23 comp42555_c0
24 comp22275_c0
25 comp29111_c0
26 comp36458_c0
27 comp28774_c0
28 comp28533_c0
29 comp36060_cO
30 comp45096_c0
31 comp39496_c0
32 comp22466_c0
33 comp22190_c0
34 comp22195_c0

reference 185 rRNA

GCTGAACTTTTCGAGGATGC
CTCACAAGCCGCACATTAGA
CGCAGCCTTTCATTTTCAAT
CGTCTGGCTAAAGAAAACGG
ATGCTATTCCCACTGCCATC
ATTCTTACGGCTGGTCCCTT
GGCATACGCCATTTTTCCTA
AAGCCCGATTCAGGTAAC
AAGTGATTCTCCGTCACGCT
CCGTTCAATTTGGCTITAGG
TGGAGATTGGGATGGGTTTA
AGTGATGACACTCGCACTGG
GCTAATCCAAAGCGGAGACA
GTCCAGAATGCGAATCTCGT
AATGGCGCAGTTCAAATACC
ATGGCAACCTGTAACGGAAG
GGTCGTGATCTCGGAAAAGA
GAAAAGGTAGCAGCCTGGTG
CGGTAGCTGAATTCCAGGAG
GGTAATTGGGCTCGCATAGA
TCAAGCACTATTGCAGTGCC
AGTCAGCATCCATCTGTCCC
GCCCTGTTTCTTAAGCGTTG
TTGTCAAGATGACTCCACGG
GCAAATGACCCAGAAGGAAA
GCCTCCGTATTTCCATACCA
AGTATCGCCGTAAATGGTGC
ACTTCTACGTCATGGGTGGC
TTTATTGCAGCCAGCATGAG
GGTCACACAGGTGTGCTT
TTAAAGTGTCCGACGAGCA
TCCGGATGTGCATAAAATG
CACGGACAGGAACACGTTA
GGCATTTGGATGTGAAGAAG
CGAGCGATGAACCGACAG

AGCGTCTTGGCCAATTTTT
TGTGAATCGCAAAGAACGAG
TAGAGGTCCACCCGAATCAC
ATTTTGTCCCACGTCTTTGC
TGCTGGTCTATTCCCGTTTC
ATCCAAAACCAGCGATTGTC
TCGTGAAGCTCGACAAACAC
CCGAGTCCAAAATACACG
GGTGTGCCAAGGCTTAATGT
GCAGCTTTCATACCAGCCTC
AGTTCATCCTCGAACGCAAT
TATGGCGCACCAGAAGTGTA
CACATCAGGTAGTTGCTCGC
GTGCATTTTCCGTTGACCTT
GAGAAATTCATCGGAACGGA
TGTGCCGTGATTTTAAGACG
GGACCAGCAGTCACCAGATT
TGCTGTTTGGCTTTGTATGC
ATCGCAAATTGCCTCGTTAC
CCTCTGTTGCTGAGAGGGTC
ATGGCAGGCAAATCTGAATC
GCGGAAACCTTCTGACACAT
ATGCATTAATTCCGTTTCCG
CGAATCCATGCTTCTTCGTT
ATGTCTCGTTCGAAGCTCGT
ATTCTTCGGCTTCACGATGT
CCAATCGATTCCTCCACTGT
GTCCTTCGTGATCGGAGTGT
CTTTTGGAAGCTTCAATGCC
AGTAACCGCCGCTAGATT
GAGGGCCTTCGCATAAGTA
TCCTTTTTCGTGGTGTCAA
TGGGTCTATTTCAGCACGA
TCGGCCTTATAATCTTCAGC
CGGGGAGGTAGTGACGAA
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ATHRERRE/NENETAGR, BEen, Fh, BERE (FHREFX
HEFHESR) A= ANCDNAXERMENF . FREANFEREHTLRE, X
| Trinity 2t 1T de novo: F A $H 8 (E3.1) . it E R EoR, HHEMERANS X
2226 bp, N80#825bp (&3.2). XEERBWE —HRUKWTARKIAFRK
B — 4 £ X X unigene., &%, K& T 39,7381 unigene, 3k 55958 % F &K
(supplementary Figure S1). H ", 43.73% (17,379) Hunigeneft nrik % & i& it blastx
(e-value < le-5)1F 2| 7 = &,

EREOHERERSXFEZEHEEY, ENETRAARLEGETHET,
xt T # F 4 F £ ENS (subject start position of the best hit alignment = 1) #
unigene, ¥ H B F &K | X8 )F 7| G K F SignalP# 17T, E A, X Hunigenet
NCBI nr# $ & F $ i 2t 7 5 g RBUR T 5 KTl &R%0H, HAM
MESRR T FNER B M H99% (R3.3). B, IANGEFRONARAELE
B E P R E LA R HATI . &4, 27144 unigenesH X E R4 K 5
FF| (E324) .

K32 KBS N EHRFABRER

Table 3.2. Overview of Preromalus puparum transcriptome

Number of reads from VG 29,540,102
Number of reads from Carcass 28,109,926
Number of reads from FA 27,216,094
Number of assembled transcripts 55958
Transcripts longer than NS0 o 8740
The shortest length 201 bp
The longest length 15705 bp
N50 2226 bp
N80 825 bp
N20 4279 bp

The cDNA library of FA was sequenced on Ilumina Hiseq 2000 with paired-end reads of 100 bp. The cDNA
libraries of VG and Carcass were sequenced on 1G Illumina Genome Analyzer with paired-end reads of 75 bp.VG:

venom gland; Carcass: whole body of female adult without venom apparatus; FA: whole body of female adult
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Table 3.3 Comparison of two methods used for signal peptide analysis

Method 1 Y N Y N Identity
between
two
Method 2 Y N N Y methods
Number of transcripts 1281 10164 79 39 99.00%

Method 1: signal peptide analysis using retrieved reference sequences: Method 2: signal peptide analysis using translated
proteins; Y: identified with signal peptides by the methods: N: identified without signa] peptides by the methods.

Unigene 7£ & & & & 1k + 87 R 1L 8 M X FleXpress# T Fit. A T = #I B £,
FPKM_VG (Venom gland) >10. log2 (FPKM_VG/FPKM Carcass) > 1 Hcorrected P-value <
0001 A TEXEFERFERKEWERH., KFAX—FE, 23554 unigenestk £ & 4 #
ERPYERERL (H32A).

PDVs

- S— -  — r—————— e ——————————————————————————
l RNA |solat|on | Venom protein isolation :
T H “
PSS  ER— .__1 I SDS-PAGE ]
| lerary constructlon and sequecing v
e —y——————— -
| [ Lc-msms !
SIS, R e L - !
I Transcnptome assembly and annotation | — —>1
T |
. ——
B ' =] -
| leferentlal expressnon | Signal peptide
iL analysis : analysis
e I
Naeeetienst. S
Candidate venom
proteins
Comparison with other %
parasitoid venoms and
|

3.1 é*/\frii?dﬂ*ﬂﬁ BHETZERKFE I EEREONBEATRER
Figure 3.1. Schematic representation of combined proteomic and transcriptomic analyses to

identify putative venom proteins in Pteromalus puparum.
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Figure 3.2. Identification of 70 putative venom proteins from Preromalus puparum. (A)
Venn diagram of putative venom proteins. The orange circle indicates unigenes which were
identified by proteomic approach, the purple circle indicates unigenes with signal peptides, and
the light green circle indicates unigenes which are differentially expressed in venom gland. (B)
The composition of venom proteins. DEG in VG: differentially expressed unigenes in venom

gland; SignalP: signal peptide.
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Figure 3.3. Verification of putative venom proteins by quantitative real-time PCR (qPCR)
and Western blotting. (A) qPCR verification of selected putative venom proteins. The genes and
primers used for these proteins are listed in Table S1. (B) Western blotting of venom proteins
from P. puparum and N. vitripennis. B-Actin was used as housekeeping protein. The accession
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or unigene numbers of these venom proteins are as follows. calreticulin (GenBank: ACZ68113),
serine protease 22 (comp44498 c3), serine protease homolog 29 (comp44055 ¢7), venom
protein U (comp22466 c0); GOBP-like venom protein (comp39522 c0), lipase-like venom
protein (comp28596 c0), serine protease 87 (comp43143 c1), GILT-like (comp36384 c0). VA:
venom apparatus; Carcass: whole body of female adult without venom apparatus; GILT-like:

gamma-interferon-inducible lysosomal thiol reductase-like

2EFLARBREORAER

HFWE Y E K#E12% SDS-PAGEK #1174 %, LR RARHE N NEFHREEON L T
ARAM/NT 14 kDa—E 2| K T97 kDa¥yH 4% . SDS-PAGE# 718 214 &, HEKRF
Fx A BEAE 5 R FILC-MS/MS sk AT B A R 6 € . B & /N o 4 R4 AR #Eblastx b xd 45 B
PREERBEBRYEE, HATHEAEEREHE. &L, 630 unigenesE it Z F x4
FRFHLEEE(E3.2A).

WHELRRLAZBZOREAEZR R N EXRT G

ATERTENEREOES, FENSTETUTHRE, NERFELAEER T
ERXZENSUAEETG (E3.1) . F4HEFZEREERAKE, 70 M unigenet £ 7 H 4
wWka, HEERTERRL B ZERATEALNE (H324), ERHFRF, K70
MNEBHREXAEEERE AT a8

RIONERZEREFINEHBEERET LR TE, BE 381N, EEBME A
@™, RAl5Ee&ke (41, i (6N k&l (174 (H320) ., &9,
REBHRANABE, HPOFEHE. BB, L4RE0W. 2BEOME. - AXN
AXRMEL,

HTHRFATEGRANFAYRGHAAEL, AU P MEAEREF L —F X
F 7 qPCR¥IE, *T84N#F & & & #AT T western blotting 3 i . BT A K M #3440 F ik 2 H 3
EHERTHENRB)ZRERDE (F33A), FAMEOLEER FRERT OREAN
L (E33B) . BEERFAAMRFERHNEREOEARENTEN.
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Bre/ EEREOSHUEYRERXESAEANLE, TEXA =M E. B%,
R ATK Fblastx tb X NCBI nr#t 48 & . Hp b2/ g HWE R G, £ A5 (68 of 70)¥ 47
SNEERTOLAETERE S/ NENFI(E36A, £34), ZHANKEL /N FRK
5 Bt ¢ B % & ¥ Chelonus inanitus#— - % % & & %9 8 % 7] »F ¥ Megachile rotundataty—
MERES.

VT, ALK Flblastp B M & N B ERE AL A SMBRMESL NE PRGN F £ %0
ERBFTHE ERMBFTZE) . 0N %FL PBEERE T, 4871 (68.6 %)F146 (65.7%)
5T E 4 NS F R L B E 5 We-valuebitfE (e-value Wilcoxon matched signs rank
(WMSR) test, p=0.009, [ 3.4, bitscore WMSR test, p=0.001, E3.5), X —% R Kok 7 1§
Fe BEMEREL M EAEANEEXR, MESABRIEN AT EEFELER
AR, W F LB AL boulardi. L. heterotoma. A. ervi. M. demolitor. Microctonus sp.

F0C. inanitus .
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Figure 3.4. Distribution of —log10(E-value) of P. puparum venom proteins best hit in N.
vitripennis and other endoparasitoid venoms. Red circles indicate venom proteins of P. puparum
which hit (e-value < le-5 and bit score > 50) both to venom proteins from N. vitripennis and
other endoparasitoid and show higher similarities to venom proteins other endoparasitoids from
than N. vitripennis. NvVen: venom proteins from N. vitripennis. OEPVen: venom proteins from

other endoparasitoid wasps.
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Figure S3.5. Distribution of bit score of P. puparum venom proteins best hit in N. vitripennis
and other endoparasitoid venoms. Red circles indicate venom proteins of P. puparum which hit
(e-value < le-5 and bit score > 50) both to venom proteins from N. vitripennis and other
endoparasitoid and show higher similarities to venom proteins other endoparasitoids from than
N. vitripennis. NvVen: venom proteins from N. vitripennis. OEPVen: venom proteins from other

endoparasitoid wasps.

F B # fe-value < le-SHbit score = S0 (¥ RAMBEFHE), FHREARSTELE XL
AEABEAE (EH36B) . ETX—BERE, 70M ke N EFREG T, 14N A%H
GABER, MM EMBREL NEFRITER, BIMEELCANFTAEERTFET,
183N FREAEA, UM BRI MEREL NS SHEAATERAFTELNS
WE G (13/70 $:2.3/79, ¥ Efisher extractid M|, p=0.006), Lt 21X 4 ¥ 8 & /) F 3 A
HH A& &R P H %9 & & 6 #adenosine deaminase CECRI1-like. protein lethal (2) essential

for life-like. disulfide-isomerase A3-like. pancreatic triacylglycerol lipase-like. GILT-likeFz
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protein FAMI51A-like®%, XL EREO R EFERENNFAUFRE —THEA.
7, 50N RERHE NENERFEPRIMREMBRES N ENERET G, NEHR
W NETTERE S NESHEFTHE. KL FEE G At HPteromalinae T # Fr 45 F
MEREZEE, ~LZAREMEREL [ EEAFRETIHHERE G, wEREZED. G.
JUL. O, URZ%E, ta%fe/ B ERTHETT . BIMERL/ I\ HEREGHNZIF
REAH&EH, ILFOMHEFALEFRTH —LZOHES . 15 venom allergen.
calreticulin . serine protease . acid phosphatase . glucose dehydrogenase

gamma-glutamyltranspeptidase % .
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Figure 3.6. Comparison of venom proteins from Pteromalus puparum to Nasonia vitripennis
and other endoparasitoid venoms. (A) Species distribution of the top BLASTX hit in the nr
database for putative venom proteins from P. puparum. (B) The similarity comparison among P.
puparum, N. vitripennis and other endoparasitoid venoms by BLASTP with a cutoff e-value <
le-5 and bit score > 50. The green numbers indicate hits from P. puparum venom, the red
numbers indicate hits from N. vitripennis, and the blue numbers indicate hits from other
endoparasitoid venoms. As numbers of similar kind of proteins can be different in different
venom sets, the hits from different venoms can be different in same category. PpVen: venom
proteins from P. puparum. NvVen: venom proteins from N. vitripennis. OEPVen: venom

proteins from other endoparasitoid wasps.
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2.5 IR & /N TR R & N ERHR G AR

R BR, %44 /% F R E G calreticulin, GOBP-like venom protein . venom protein U,
serine protease 22 #Wserine protease homolog 29 LR, 4 ¥ LA I 2 TR 4R 88 & & /N S
FHEO(E43B), x—HREH, RUWERBZOENFETER S NS TEEE 2
NEFZFRF, FRA-ENTREAME. R, $0%E¢/  EFREGREHF A
MBWERE S/ NENFERE G, WGILT-like protein H R EMBEHFE L NEFR P L
|, BT AR BB 4 /N8 F R B GILT-like proteinfy Fi &M 2. (B4 4 N g
& # & A lipase-like venom proteinFiserine protease 87 HHLAK . At AL W) B TiF 48 48 £ 4/
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RE), TEZRTREFFINTEEETARHNZESR,

3 itit

AAEBEERNANFHA, RIOINEFEL N SWHETERTT $8, FNELH#TT 2
RERFEFTHKE AT, BB, & AshotounE O REF &, RANRMEAL T T AT
He HEREOES,

ERFEF, RNBRAEFHE N EFREORIMAES, HEFRPERELRR.

Rifl, RESHRFEZERBRENERCTEHRENSHERTN TN, EoRBE
B, RE SRS EFLLERTHRAE, AALEERZRULRL, E—RRHEHH
F b, fn K ARG HE L. boulardi(Goecks et al., 2013)F JL - E I HRE A T H 5§ &
EZRMERE, EEFLIEF, PCRERRE, AFLSHAZANUTFREERTERE
. B4, B% (116) unigeneE ER T EF 2 R AR, BEANAREORMATEHN
Bz, XLEATHRIASNRESR, NEERABETHEERTEEMN. 88, XBE
BEEORARNFHEE, AHBERENKOEZSF %N, HH /DKUY
SDS-PAGEFT R & .

REXAThBETIHLRAE, SR I ENERARMMBRE R, MFLEHE
BOB A BRZHEHERE ERE N E 2 (de Graaf er al.,, 2010). XREYFAEEAT
BFAk, HERLFREOFEINEAK. LT, REHEEWEE Z A A S (Asgari & Rivers
2011; de Graafetal, 2010). T &M ERIANERN T ER THEFGH.
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—MERENERREZE, A THYF X Foyi k&4 B 89 F & (Danneels er al., 2010;
Moreau & Guillot 2005). 4%, XX FETESFABERWE LY. IR HBEN W
RERNAR. TIAZFFHETHER N ESHAS AL ERNESRZ RN
KR T RHER.

49



« WL RFEB L PR B=% Rme MERREAEBRS T

%34 e N EFHREFREEI X

Table 3.4. Candidate venom proteins identified in Pteromalus puparum.

< VGEPKM C FPKM log2(VG-FPKM NR ID
enes arcass- /Carcass-FPKM)

NR Description

Proteases and peptidases

comp40292_c0 64.12 2491 1.36 XP_001604991.1
comp44498_c3 224.81 22.34 333 NP_001155043.1
comp36113_c0 2008.26 267 9.56 NP_061155017.1
comp29468_c0 1131.96 401 3.14 NP_001166090.1
comp43143_cl 1201035 34.87 8.43 NP_001166092.1
comp43143_¢3 320.51 1.59 7.66 NP_001166092.1
comp44055_c7 7795.75 14.18 9.10 NP _001155016.1
comp36103_c0 312721 439 9.48 NP_001164348.1
comp40194 c0 353.14 0.62 9.16 XP_001600730.2
comp29111_c0 373.03 2.54 7.20 XP_001604431.1
comp41685_c0 496.71 043 10.16 XP_001606746.2

PREDICTED: chymotrypsin-1 [Nasonia vitripennis}

serine protease 22 precursor [ Nasonia vitripennis]

serine protease 33 precursor [ Nasonia vitripennis]

serine protease 73 precursor [Nasonia vitripennis]

serinc protease 87 precursor [Nasonia vitripennis)

serine protease 87 precursor [ Nasonia vitripennis)

serine protease homolog 29 precursor [ Nasonia vitripennis)

serine protease precursor [Nasonia vitripennis]

PREDICTED: blastula protease 10-like [Nasonia vitripennis)
PREDICTED: A  disintegrin  and  metalloproteinase  with
thrombospondin motifs 16-like [Nasonia vitripennis]

PREDICTED: hypothetical protein LOC100123135 [Nasonia

vitripennis]/region_name="ZnMc"
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comp6391_c0 11.58 0.00 © XP_001607602.1 PREDICTED: hypothetical protein LOC100123845  [Nuasonia
vitripennis] /region_name="ZnMc"

comp44819 c3 1303.00 1.42 9.84 NP_001154991.1 lipase A-like precursor [Nasonia vitripennis]

comp28596_c0 1443.05 293 8.95 NP_001155039.1 lipase-like venom protein precursor [Nasonia vitripennis]

comp41786_c2 671.63 2.61 8.01 NP _001155039.1 lipase-like venom protein precursor [ Nasonia vitripennis]

comp42555_c0 259.37 0.58 8.81 XP_003425033.1 PREDICTED: lipase member H-like [Nasonia vitripennis]

comp45112_c0 3395.22 6.89 8.94 XP_003425157.1 PREDICTED: pancreatic lipase-related protein 2-like [Nasonia
vitripennis)

comp28462_c0 1339.53 3.39 8.63 XP_003426830.1 PREDICTED: pancreatic lipase-related protein 2-like [Nasonia
vitripennis]

comp22275_c0 209.17 0.48 8.78 XP_003425157.1 PREDICTED: pancreatic lipase-related protein 2-like [Nasoria
vitripennis]

comp36060_c0 152336 1.18 10.34 XP_003427888.1 PREDICTED: pancreatic triacylglycerol lipase-like [Nasonia
vitripennis]

comp22302_c0 2085.48 2.72 9.58 XP_001605737.2 PREDICTED: hypothetical protein LOC100122136 [Nasonia

vitripennis]/region_name="Abhydro_lipase"
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Genes

VG-FPKM Carcass-FPKM

log2(VG-FPKM
/Carcass-FPKM)

NRID

NR Description

comp44469_c0

comp43397_¢2

comp23069_c0

comp36032_c0
comp43694_cl

comp28533_c0

comp42418_c0
comp45389_c0
comp28685_c0
comp22216_c0

comp41097_c0

comp45178_c0

87.90

588.20

1158.10

7780.99

11.98

1882.32

3923.13

210.31

155.45

6576.38

28.35

607.76

16.55

1.07

6.40

16.12

0.13

56.40

7.94

0.40

25.07

5.64

3.22

0.77

241

9.10

7.50

9.05

2.63

10.19

9.62

XP_001601350.2

XP_003427357.1

XP_001605452.1

ACA60733.1
XP_003428033.1

NP_001155172.1

NP_001155087.1
XP_003423840.1
NP_001153351.1
XP_001602184.1

XP_003427944.1

XP_001604839.1

PREDICTED: esterase E4 [Nasonia vitripennis]

PREDICTED: venom acid phosphatase Acph-1-like [Nasonia
vitripennis)

PREDICTED: venom acid phosphatase Acph-1-like isoform 1
[Nasonia vitripennis}

venom acid phosphatase [ Pteromalus puparum)

PREDICTED: ribonuclease 1-like [Nasonia vitripennis]

inosine-uridine preferring nucleoside hydrolase-like precursor [Nasonia
vitripennis]

endonuclease-like venom protein precursor [ Nasonia vitripennis)
PREDICTED: adenosine deaminase CECR1-like [Nasonia vitripennis]
glucosamine (N-acetyl)-6-sulfatase precursor [ Nasonia vitripennis)
PREDICTED: alpha-amylase 1-like [Nasonia vitripennis]
PREDICTED: glucose dehydrogenase [acceptor]-like [Nasonia
vitripennis)

PREDICTED: gamma-glutamyltranspeptidase 1 [ Nasonia vitripennis]
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/Carcass-FPKM)

comp36384_c0 1065.20 92.54 3.52 XP_001606905.1 PREDICTED: gamma-interferon-inducible lysosomal thiol
reductase-like [Nasonia vitripennis)

comp39547_c0 1377.55 6.52 7.72 XP_001607237.1 PREDICTED: kynurenine--oxoglutarate transaminase |-like [Nasonia
vilripennis]

comp36135_c0 1720.14 2.56 9.39 XP_003704057.1 PREDICTED: kynurenine--oxoglutarate  transaminase  3-like
[Megachile rotundata]

comp29610_cl 24.30 0.00 L XP_001607234.1 PREDICTED: kynurenine--oxoglutarate transaminase 3-like [Nasonia
vitripennis)

comp22192_c0 534.83 25292 1.08 XP_001599732.1 PREDICTED: protein  disulfide-isomerase  A3-like [Nasonia
vitripennis)

Protease inhibitors

comp22195_c0 11118.41 3342 8.38 XP_003425788.1 PREDICTED: hypothetical protein LOC100677882 [Nasonia
vitripennis)/region_name="KAZAL FS"

comp36018_c0 21799.59 571.10 5.25 XP_003424976.1 PREDICTED: hypothetical protein LOC100680056 [Nasonia

vitripennis)/region_name="KAZAL_FS"
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Genes

VG-FPKM Carcass-FPKM

log2(VG-FPKM
/Carcass-FPKM)

NRID

NR Description

comp44498_c8

comp43457_cl

449.23 74.76

214,00 105.07

Recognition and binding proteins

comp39522_¢c0
comp36458_c0

comp44465_c2

comp39967_c0

Others

comp22191_c0
comp45101_c0
comp40314_c0

comp41377_¢c0

11298.69 38.03
222,54 0.19
177.85 0.17

13.21 3.29
590.17 217.32

9683.63 9.36
22.65 9.07

4040.63 325

2.59

1.03

10.22

10.01

2.00

1.44

10.01

10.28

XP 0016014721

XP_001602351.1

NP_001155150.1
XP_003424242.1

NP_001155040.1

XP_001604854.1

ACZ68113.1
XP_003428123.1
NP_001154975.1

NP_001154978.1

PREDICTED: hypothetical protein LOC100117405 [Nasonia
vitripennis]/region_name="Pacifastin_I"
PREDICTED: hypothetical protein LOC100118367 [Nasonia

vitripennis)/region_name="SERPIN"

GOBP-like venom protein precursor [ Nasonia vitripennis)
PREDICTED: beta-1,3-glucan-binding protein [ Nasonia vitripennis)
low-density lipoprotein receptor-like venom protein precursor [Nasonia
vitripennis)

PREDICTED: low-density lipoprotein receptor-related protein 2-like

[Nasonia vitripennis]

calreticulin [Pteromalus puparum)
PREDICTED: venom allergen 3-like isoform | [Nasonia vitripennis]
major royal jelly protein-like 7 precursor [ Nasonia vitripennis)

major royal jelly protein-like 9 precursor [ Nasonia vitripennis)
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BEE R ESRERA AR

Genes

VG-FPKM Carcass-FPKM

log2(VG-FPKM

/Carcass-FPKM)

NRID

NR Description

comp42400_c0

comp42334_c0

comp43276_c5
Unknown

comp22190_c0
comp45096_c0
comp36121_c0
comp39496_c0
comp22199 ¢0
comp39484_c0
comp22466_c0
comp45164_c0

comp28217 _¢c0

959.54

84.05

596.79

1507.25

12371.95

1880.93

3197.36

14424.76

951.21

2360.55

4856.06

3818.61

134.66

14.01

0.70

323

110.95

2.15

6.01

30.52

235

4.93

5.48

4.69

2.83

2.58

9.74

8.87
6.80
9.77
9.05
8.88
8.66

8.90

XP_001604366.1

XP_003425370.1

CBN72521.1

NP_001155171.1
NP_001164344.1
NP 001164347.1
NP_001155028.1
NP_001155029.1
NP_001155031.1
NP_001155170.1
NP_001155169.1

XP_001601835.2

PREDICTED: protein FAM151A-like [Nasonia vitripennis)
PREDICTED: protein lethal(2)essential for life-like [Nasonia
vitripennis)

venom protein Al YI24CM3 [Chelonus inanitus]

venom protein D precursor [ Nasonia vitripennis]
venom protein G precursor [Nasonia vitripennis)]
venom protein J precursor [ Nasonia vitripennis)

venom protein K precursor [Nasonia vitripennis]
venom protein L precursor [ Nasonia vitripennis)
venom protein O precursor [ Nasonia vitripennis]
venom protein U precursor [ Nasonia vitripennis]
venom protein Z precursor [ Nasonia vitripennis)]
PREDICTED:

hypothetical protein LOC100117668 [Nasonia

vitripennis)
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Genes

VG-FPKM Carcass-FPKM

log2(VG-FPKM
/Carcass-FPKM)

NRID

NR Description

comp39512_c0

comp22365_c0

comp44303_c0

comp22193_c0

comp37024_c0

comp22198_c0

comp28774_c0

comp41010_c0

4969.28

1440.42

5418.77

1795.35

3026.09

2164.89

1248.40

103.99

8.03

291

4.69

13.76

5.75

3.08

1.84

0.86

9.27

8.95

10.17

7.03

9.04

9.46

9.41

6.92

XP_001603579.2

XP_001605945.2

XP_001606517.2

XP_003426294.1

XP_003424286.1

XP_003424263.1

XP_003424971.1

XP_003424464.1

PREDICTED: hypothetical protein LOC100119874  [Nasonia
vitripennis)
PREDICTED: hypothetical protein LOC100122343  [Nasonia
vitripennis)
PREDICTED: hypothetical protein LOC100122910  [Nasonia
vitripennis)
PREDICTED: hypothetical protein LOC100678001 isoform 1 [Nasonia
vitripennis)
PREDICTED: hypothetical protein LOC100678044 [Nasonia
vitripennis)
PREDICTED: hypothetical protein LOC100678968 [Nasonia
vitripennis]
PREDICTED: hypothetical protein LOCI100679301 [Nasonia
vitripennis)
PREDICTED: hypothctical protein LOC100679659 isoform 1 [Nasonia

vitripennis)
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o indicates the infinite value from division by zero
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FEE RIRS/NEFR Serpin HEAW A

BEmENFE e ERCIBOATMEFE S HH RS A T8 F T EECell
& Finlay 2002; Dillman et al., 2012; Nielsen-LeRoux ef al., 2012), H#HR R F 4L, FLE
HEFLTEANFERFUPDVEEREGS, URAAHF AR RAMEN, HHDLF
ERNFIBURLHIFAAAEE, BABRCRERARNEEZART S, #RASH
& A IV 89 38 T (Asgari 2006; Poirie ef al., 2009; Schmidt ez al., 2001). £4-, AP K F £
¥ F A B F R G4 T 0 = B B AL R BL(Asgari ef al., 2003; Asgari er al., 2003; Beck
& Strand 2007; Colinet et al., 2011; Colinet ez al., 2009), RTiAAN FH £ BN EER fo £ #
W, SERFAFHFRAEENEANEBRFME D, SBL I NETHFALMER, R "
¥ E E &\ E & ¥ ¥ = Pieris rapae (Cai et al,, 2004; Zhang et al., 2005), FEX 34 /Mg,
hERSRRIH L MF LE FWPDV., VLIPS H 44 (Zhu et al, 2008). FHEMEH
¥FEENBPTENFTAERT, CHIEHATREST WA T RE(Zhu er al, 2009), 56
#74] F F 89 47 B %95 (Cai et al, 2004; Fang et al., 2011; Zhang et al., 2005)%1 4k & %,5% (Fang
et al,, 2011; Fang et al., 2010; Zhu et al., 2015), A Z & T ¥ 484 /% & & + 89— 4 Serpin
M RH A, % F £k CHPPORER N, T F T X FHEAMY KL LK.

17485 7%
L1 BBk
AR -FLL
1.2 ¥R F R
Bl % =% 1.6
1.3 & = il Bk s

FEMMEFAEKEEARZ AR FFOXFRYRRE, ARFBEDEEHEA
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(4mM sodium chloride, 40 mM potassium chloride, 8 mM EDTA, 9.5 mM citric acid, 27 mM
sodium citrate, 5% sucrose, 0.1% polyvinylpyrollidone, and 1.7 mM PIPES, pH 6.8) #., &
3000 g, 4°CEIOminERmA)E, DKkERFE-80°CEA.

1.4 PO yEH:A W

1S UHBEMEFT R MK E 550147 %7 (venom protein or saturated PTU) . 5 pl #&
JEH 0.1 pl g/pl M. luteus) BA. HoTEFHRSE25 °CIHF10min/E, HFm800 plE4
## (20 mM Dopa in PBS, pH=6.5) , F#E200 ulE FI6ILIK o #: MK # 14 A470 20 min
(Varioskan Flash multimode reader, Thermo Scientific, USA) . —APOJEM B4k & 3 A4
0.001 AA470/min. 7%, AREPOKR M EE, N FEHk—FRBKEIB4IRF. 10ul
RERHMEES WEE. 5SWBEA (0.1 pg/ul M. luteus) H S pl/E #77% # (50mM L-Dopa
in PBS, pH=7.5)#2 4. B4 5, E T4 Varioskan Flash multimode reader #:|A470,
o IR F G F5040— Kk, ERW2NE . 43T 46 % K F Data Processing System (DPS) v 13.5
(Tang & Zhang 2013). FAEAJE L3 K F Student TH B, % #E 4K 4 % I ANOVAS-#7
Ja#iTukey ELLRAG R,

L5 BREELH

EREOWAEE2 mlE KA (25 mM Tris-HCI, pH=7.5) %, ## t # % ZBio SAXE(S
pm, 4.6 X 50 mm, Agilent, USA) , #| A Biologic Duo-Flow high performance
chromatography system (Bio-rad, Germany), % f % #& B (25 mM Tris-HCl, 1 M NaCl, pH=7.5)
HATHE RN . & EBEE K05 m/min, FERHKME280 nmit & G #T MR HHE
4% Fi BioLogic BioFrac fraction collectori% % €200 pldk % % EppendorfiE LK+ , 3# 8
Zeba spin desalting plate (Thermo Scientific, USA)# T3, 2B BEH)RHFT-80°C%
A

16 A BEANER

ATERZERFHH T TPOEMRMNASL, 200 pl 3k B4 584 4 K I FASP
(Filter-aided sample preparation) 7 % (Wisniewski ef al., 2000)# T 4., K5, KRt L2 R

/A Easy nLC HPLC system (Thermo Scientific, USA) % Q-Exactive (Thermo Finnigan, USA).
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AR F, AW L E Thermo scientific EASY column (Spm, 2cm x 100pum, C18) ,
#& J& 7 7 —Thermo scientific EASY column (3 pm, 75 pm % 100 mm, C18) F#474%, Fr
R %250 nVmin. FHAK0.1% FE, BEEBYE0.1%FRANBI%LME, HBHEN
50 min§ 0% FrE50% & KB, 54 min K M50% FE100%EEB, HFheEHK
JRR R B AL BB R 100 . MS/MS R 3% % & % F Mascot (Perkins ez al., 1999) kb 3¢ B %
EHEF &/ N IH (FRLEZFMHFEH L) . Max missed cleavagesik %2,
Carbamidomethyl of cysteinei% % fixed, oxidation of methioninei% % variable modifications.

Peptide confidence <0.01 A TR IEKBEMWER. ZHLr T EER LEFRT L4 TR,

1.7 % 7% RT-PCR

W FEFTRNARB R R E R L E IR F5H 0. BRAE F7R4 2 T8
W A B B R4 4 91 4 % F 3t PerlPrimer V1.1.21(Marshall 2004) # 47 it, 3f%|F Table
S1¥ ., ¥ & 5 # 4% 7 & /7 7| & A TransTaq HiFi DNA Polymerase# {TPCR¥ ¢, 347k H %k

BELEEENFRIE,

Fed.l TR H RN TR BT A SR T M E B

Table 4.1. Primers for confirmation of splicing isoform version and isoform-specific RT-PCR.

Primer

Sequence

Shared forward primer (except isofrom O)

isoform-A reverse primer
isoform-B reverse primer
isoform-C reverse primer
isoform-D reverse primer
isoform-E reverse primer
isoform-F reverse primer
isoform-G reverse primer
isoform-H reverse primer
isoform-I reverse primer
isoform-J reverse primer
1soform-K reverse primer
isoform-L reverse primer
isoform-M reverse primer
isoform-N reverse primer
isoform-P reverse primer
isoform-O forward primer
isoform-O reverse primer
18S rRNA forward primer
18S rRNA reverse primer

5-GACTGACATGTTCACCAACTCTG-3'
5-TTAAACAGTTTCCGGATG-3'
5-TTAGCTCCTCGGCTGTACG-3'
5TTACAAATCTGATACAGTGC-3'
5-TCAATGCTGTACTGGATTATTC-3'
5"TCACAATTTCTCAACAG-3'
S“TTATCCAAAAATCACTG-3'
S-TTACAATTCATTTGAAG-3'
S-TTAAGCTGTAGGGTTAATAATATATC-3'
S"TTACGGTTTAATTACAG-3'
5"TTATGGAGCTAAGACTTG-3'
5'-CTATGGGTCAAGCACGAATC-3'
5'-TCACAGACTCGGGTCTTG-3'
5-TTAGTTGGTGGGCGATC-3'
5-TTATAGCGTTCTGACCAG-3'
5-TCACAATGTTGGTTCGCCG-3'
5'-AAGCAAAGTTACGCAGAAGG-3'
5-GTTGTCATCACCGAATCTAATGTC-3'
5'- CGAGCGATGAACCGACAG-3'

5'- CGGGGAGGTAGTGACGAA-3'
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1.8 F 5 441

SR YRS NMERW Serpin STHEEEI AT

EREHHEI ARG TS/ NEHRAFHHE TR, Serpink F # £ 1 K /| Splign
(Kapustin ez al., 2008) #1TTHMl. % F 7|t K AIMUSCLE v3.8 (Edgar 2004). PpSVI#) =
¢ 45 1) K Al Swiss-model (Amold et al., 2006; Biasini ez al., 2014) #ATEE, FrAER S
#2H4R (PDB ID), # F| A PyMOL v1.7.0.0 (http://pymol.sourceforge.net/)# 17 £ & . 1% 5 fik
% | SignalP 4.1(Petersen et al., 2011)3# 1T HMl .

19 EHE AW RA RSN

& # il &r X fl ClonExpress One Step Cloning Kit (Vazyme, China)# T ., HFHEAN
B B B89 Jr Bofu & M BpFast-Bac-HTB # A X HPCRY H#k &, AR AMTI 47| T %4.2
H, & B pET-28a% & X J BamHI# Xhol (TaKaRa, Dalian, China) X B 235 1%. T
E. coli® MY E B ik, EHMpet-28afi i # L EBL21 (DE3)RZ A&, HETWFRIE.
EE100 pg/pl FABENEFFFHAEF20°CHRFILH48 /3, E. coli T4°C 10000 g
B0 minfE. N THARFAZFRAFTHWE GRE, E4H pFAST-HTBFRAARYE 3 9 #
ATHEELAMRFE, REMARFEES, 100 ml SOLHQ x 106 cells/ml) FS£-900 11
serum-free medium 28 °C 90 pm#k H W HF72 he RJE, T4°C. 1000 g /020 mink £ 41
M. RERAASE, RIABE coli FuSHO% MK E H & g4 % A His-Bind Purification Kit
(Novagen) # /T4, & &K & X Jf Bradford i (Bradford 1976)#t 1T | & .
F42 BHRAREAMRET AW )77

Table 4.2. Primers used for construction of recombinant plasmids.

insert DNA or linear

vector

Forward primer

Reverse primer

pET-28a-PpSVI

pFast-Bac-HTB-PpSVI

pET-28a-eGFP

Linear pFast-Bac-HTB

5’-AGCAAATGGGTCGCGGATCCGAGGAC
AAGGCAGTGGAGGC-3’
5'-GATATCCCAACGACCGAGGACAAGGCAG
TGGAGGC-3'

5’-AGCAAATGGGTCGCGGATCCATGGTG
AGCAAGGGCGAGGAG-3’
5'-GGTCGTTGGGATATCGTAATCGTGATG
-3’

5’-GTGGTGGTGCTCGAGTTATTCAGCGAT
CGGATCAG-3'

5’-ACCGCATGCCTCGAGTTATTCAGCGATCG
GATCAG-3’

5'-GTGGTGGTGCTCGAGTTACTTGTACAG
CTCGTCCATG-3’

5’-CTCGAGGCATGCGGTACCAAGCTTG-3’
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1.10 Pull-down X%

I mIEBWEFT E4 2 mHE 550 pl WAPTUE K. 100 pl M. luteus (1 pg/ul), 5 ul
EAZEEQ pg/pl) T4 CHEFRXR. 12000 g, 4 °CHEL20 min/g, L% 525 ul cOmplete
His-tag purification resins (Roche) T4°CiH2h. &M ek BEH EH W&, £ k1000
gB2 mnEEMAHAKB T L, KEH—F K300 pk# AR M NaCl, 120 mM
imidazole, 40 mM Tris-HCI, pH 7.9) #£#:, &% {50 pl#tft#& (1 M imidazole, 0.5 M NaCl,
20 mM Tris-HCl, pH 7.9)#t 8. #4149 % i SDS-PAGE#4#7, 7 i# 4T Lumitein protein gel
stain (Biotium, Hayward, CA, USA) % &, 2, 417k % & # 1l .

L11 Fifk el &

PrHP8 71 PrPAP1 ) 41 & K Bl % & & #7 % /- 5] 87 PolyExpress Custom Polyclonal
Antibody Production Service, 3B CPTSEELHGNSYEGW fuCHSGFSDSDNSRPDD# &-
318 Ex Z keyhole limpet hemocyanin (KLH)4 %] f T #| & PrHP8 f1 PrPAPH HL 1K .

1.12 Western Blotting

%t T PrPAP1F1 PrHPS #7461 W.. *t T E 41 & “His taghR £ 89 £ 2, — X I THE His
Tag R ¥, =¥ % ¥ #i RlgG antibody (H&L) HRP conjugate (GenScript, Nanjin, China).

2ERELH
2.0 WS/ NEBRIF ERAR BB

ATARFEERERNET, FERFENFAUNFFENLR, KFREEFE
W AR AL BB o 5 TRURA — B, SRR /| e 3 A BT A0 46 SEOU R A ¢ ek o o oM B2, R A SR (1

4.1A; Student T-test: for hemolymph from pupae, t = 5.68, df = 4, p < 0.01; for hemolymph
from larvae, t = 37.86, df =4, p < 0.001). EAXHEFAZEFL I NENBEATFETE,
EEREYREEZ AT REASHRN DMK E ., B, #TRAZEKM N HES) &
Wy ok B AT,

A WPOFEER NN EE, I Tk —F#TT HBREIBILKT. KM (L-dopa).
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BEF (M. luteus) F&HIF(PTU, ERRAME ) E34HARFBE . HBEHDLEEK
MNE G384 T, BRBOEREENMEES. RE, ETHANFRIMNEAE
470 nm, #FRER, T ANHEALS minEEHWHENE, RERERRE FAF
KAKE T EH (FH4IB). AR ERANFEARFTEKHAEH, 1 VRE (venom reservoir
equivalent) ¥20 min £ %, 2 VRE #35minE%, 4 VRE H40mink%, &4 &HMHEA
HERT EFRAME, PRELOminA EEH470 nmB A E. &E, £120 minf Rk
A Ta#—F WG AT (B4.1C; ANOVO: df =6, F=47.245, p<0.001), XL E
KA, W& NEFRT AT T E ORCHBMRE, FEAMNERA.
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>

. Pupae Larvae
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PO Activity (U)
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E e PBS
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4.1 B e/EFEFINF X T R OME PO FE

Figure 4. 1. Venom from Ptreomalus puparum inhibit P. rapea hemolymph PO activity. A, effect
of P. puparum venom on PO activity of P. rapea hemolymph from larvae and pupae. B,
dose-dependent suppression of host hemolymph PO activity by P. puparum venom. Dopa
chrome or dopamine chrome (melanization intermediates) was monitored at A470 every 5 min

for 2 h. C, summary of absorbance A470 at 120 min from (B). All values are present as mean =
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S.E. (n=3). Asterisks indicate significant differences from PBS as the control. * P < 0.05; ** P <

0.01; *** P < 0.001.

2.2 HH Serpin T X HERW L BRER

CEZFYF, 0IMEREOH LT HBRERNEHSL NESRE A(Yan e al., 2016), &
BEATH, 2ERED. ZEM T OM%E £47. beta-1,3-glucan-binding® &, LK —
Bt R EOER R IS ERFEN, SLEOHFTRANHFEIELR S+ &
—EHER. AT ETRFEL N EER T FEEMRNNE T, RO HHES &

HATETEREEN» L,

RAME FRBAE, BT EEI000 FELELGHNFRATHE, LREI2IAH(E
42A), ZI2NMEHE S P, H576-81FEAMBE T mMEHEAR L, KU HH
A EHE—FRFRE AR FXBEHTSHH(e.g 20%-25% buffer B in 40 min, E4.2B),
W ESNMES. HTHE, HHBAKNEEEHA28my T RKEH T ELH, RETH
B AT B AR R B s B UK.

R EME RN E 53645 RE G, #H{TSDS-PAGEH X R 4R 4 (H4.20). %
RET, #BHRREGEASTMAERLEF (55kDaf77kDa) F— Sk EL %, FEt, 4
73645 BEEBMFEFHETLCMSMSE G F#LE, B b4 i THKE
E, ~/l\SerpinE!’\7_”T’3’E?‘7§3‘% (comp44322 cl seq8) WA F % (EHA2D-E) , #EHEEW
£RES. X—EZ B M Serpin® X HHE W & % AP, puparum serpin venom isoform
(PpSVD) . EHAERE G T RN BRNKERLE T, HP3 5 p 08K pEs,

i blastp tb AANCBI% ¥ B, PpSVI IL & % Nasonia vitripennis ovalbumin-related protein X
isoform X12 (XP_001606111)F 7. % /F % 4 & T 48 48 & & /NELOC100122505 £ 1 #9 — 4
AEHER, EMEREGHE S L T FHE G L H venom allergen 3-like isoform 1
(comp45101_c0_seql) . alpha-amylase 1-like (comp22216_c0 seql). hypothetical protein
LOC100117405 (comp44498 c8 seql) . endonuclease-like venom protein precursor
(comp42418 ¢0_seql) % . 7, EH—RHWE, ZSerpin FWEM T & 8 AW k%
medn P L,
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Figure 4.2. Partial separation and identification of PpSVI. A, chromatograph of total P.
puparum venom by Bio SAX column. Venom protein (~ 1000 RVE) was eluted with a gradient
of buffer B from 0% to 100% at flow rate of 0.5 ml/min. B, chromatograph of pooled fractions
76-81 from (A) on the same column with a shallow gradient of buffer B from 20% to 25% in 40
min. Fractions 3645 was denoted as POI and indicated by red bar. These fractions were pooled
together for further SDS-PAGE and LC-MS/MS analysis. C, SDS-PAGE analysis of pooled
fraction POI followed by silver staining. D, amino acid sequence of PpSVI with peptides
identified by MS (highlighted residues). Trypsin cleavage sites are demarcated in blue. The first
isoform-specific tryptic peptide of PpSV1 is colored in red. E, MS/MS map marked with b ions

(blue) and y ions (red) for the first isoform-specific tryptic peptide of PpSVI.

2.3 FH 447

% 7 2| B9 PpSVI%E & K comp44322 cl seq84E1806 bpt, H ¥ FF A AE #1197 bp
E 4220 bpty 5*3E4 A X F1389 bpHy 3’ ALK, H & @4 poly-A & E(supplemental Fig.
S3). ORFHAIONMEEM, HFFIONAXRIESHKR., HARZaWTMN,FEH
42.1 kDa, TAM% & H48, HTHIERNTHEETZ H#FHBERES£ , FHIX
FIPCRY 3 3 M FBAE (EE@354: 5°-GCGTTAGCGTCTGGAACTCA-3"; K FE| 4
5'-AAACAGATTGAGTTTGCGGA-3"). &R KW, ZH BN T AR I EEFAE,

KT RHEPSVIE £ H &£ 4, X F ¥ 8 4 /D RNA-seq & # X N. vitripennis
LOC10012250518 & A M 18N X 5 8, M EEFEMHATHMN, FREINMHBETED
BARBETA, #RAGENTETERAP, EFTETBHAONLZAWERT LT &
f&(Fig. 3A-B)o X6 X HEAEELZGTINIEF, EHE FRALTHE. JEWIE
F8a 4 SerpiniEtE F oL, RE T HIHHFH(EIIA). BAXINTEIHREEST T
SHHAE, EHAEREH, AN AERTEEINTEIHERTTL K, F6ML
BA B E R T (EA.3C), 1% B4R F B AL 5 T2 Serpin# 7] & B A ATy BEAT T fE AR 2| E BB
%A
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A
B

> 34567 8 8 88 88 88 8 8 8 88 8 8 8

C A B CD EF GH I J K IM NO P

A KAFIEVNEEGSEAAAVTDIE 380

B KAFIEVNEEGSEAAAVTV 379

C KAFIEVNEEGSEAAAVTE 380

D KAFIEVNEEGS VTV 380

E KAFIEVNEEGSEAAAVTYV 381

F KAFIEVNEEGSEAAAVTY 385

G KAFIEVNEEGSEAAAVTV 383

H KAFIEVNEEGSEAAAVT 383

I KAFIEVNEEGSEAAAVTC 380

J KAFIEVNEEGSEAAAVTE 381

K KAFIEVNEEGSEAAAVT: 381

L KAFIEVNEEGSEAAAVTCD 379

M KAFIEVNEEGSEAAAVTC 1 382

N KAFIEVNEEGSEAAAVTVSEIVFESL----F EI KKTITL LVRTL - 380

O KAFIEVNEEGSEAAAVTDTEIDIRFGD---DNSELLYADRPFVYIIA----- KEDLNLFVGSVADPIAE-- 379

P KAFIEVNEEGSEAAAVTAMIVVMKMAIIG MIK --~-SRDVILFQGYVGEPTL--~- 380

L

& 4.3 PpSVI Fr 7 Serpin # [F 89 7~ [ 7] & 8 # 4 K

FIGURE 4.3. Alternative splicing of the serpin gene for PpSVI with different versions of exon 8
producing different reactive center loops. A. Predicted tertiary protein structure of PpSVI. The
alternative splicing region in the PpSVI is colored in red. Yellow and green indicate a-helices

and B-sheets, respectively. B, structure of the serpin gene for PpSVI. The constant coding

regions from exon 1 to 7 are colored in black. Coding regions of variable exon 8 are colored in
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red for PpSVI and blue for other isoforms. C, amino acid alignment of the carboxyl termini of
the 16 predicted isoforms starting with Thr335. The isoform-specific sequences are colored in
red for PpSV1 and blue for other isoforms. The first isoform-specific tryptic peptides are
underlined. An * (asterisk) indicates positions which have a single, fully conserved residue. A :
(colon) indicates conservation between groups of strongly similar properties. A . (period)

indicates conservation between groups of weakly similar properties.

2.4 W E4K R RT-PCR

HTHEX LT ETHERETALEKY, RABIANE FIFIE FRMEFT| M T
PCRHL, & 7 F K S ARLS, H 41547 & 5 3 4K 4 A /2 M 2 cDNA F # PCRY™ 4 3
Faih (B44), EISPHBA NN THHEEP, BFZUREHTL(Yan er al, 2016) &
BB T #EA,C,D,F, LI f1 N,
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1
Exon 8 | Exon 7

P VAAY Jr\ NN\ AN/ /\ f‘NLAJ\/\/\'\ J\’W \n
B AN [\ AW ;;L?;fxf'\g-_v;sfv’i‘ygfl\/,v\L:\/,\.n.y"v\/ &f;\fﬂwf A
¢ M/ AMI‘M\M/\M\A fhati
e mmz vvv\v"xm/\f‘i\/ iy \ﬁ A/
g MV f“/w”‘J\/\MJW\wJ\f‘/m/\A/va
P \Ju“v\ﬁm/\\/v;“\zﬂi\JV\/\’V\/\m/\’\M\
G Auu/m s 1 M&J_\J\NW AW\/\
n MWW / Wil Q\MJ\”NWMM/V
ot WsennbaaVnaaoad
Y AA,/‘M»"/\’\/V‘v%\/f“/\!\i\i’\/\/\/J\’“&“J\/V\/‘j\/m/v\
e AN u"l"'y\/‘v"v“‘yf‘\ff‘/\%\M/‘J\{“-[fx[\/W AW
M [&Wv\ﬁ"\ Y /\i\/\AAW\/\Af\/ \
- antfnnseona ot annlo o

[ I VAVAVVAVAVVIVY /\ VAVNAYAVAVAVAY /\‘\/\'V\/V\ Moaatar\nafa

e AWM AN AMA ol
CCGTGACGGCTGCGGC
E4.4 15 R ER (RLA) MFRIEER
Figure 4.4. The sequencing results of 15 splicing isoforms (expect isoform L) spanning
from exon 7 to exon 8. The sequences are presented in reverse complementary format.
Nucleotide acid A, T, C and G are shown in green, red, blue and black, respectively. The dash

line indicates the separation of exon 7 and exon 8.
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hi#t—HFEEPPSVI kL4 f, 7R H@EeE/ N EL B, FE. FRAKREK (£
BERBERWENKEL) #77% 54 RT-PCREN (H45) . R ET, PpSVIEA
ERIFFFEF LR L ERYL, BEEERFAEZFAE. X—ERRAPPSVIE T AL E
HIWEREE, MEIBEALEIRPREIIRL, EX2ETHETEN BOZEHA
HFREEM, LERITHEFIWAT I EEPCRUE N T H#EEKO (L3 ZPpSV])

B &L oA (EH5) .
1000 bp

750 bp
500 bp

Fa™
e

\1\
250 bp
100 bp

B 4.5PpSV] M EHRF RE ST

250 bp
100 bp

Figure 4.5 Expression pattern of PpSVI in wasp female adult. Isoform-specific PCR was
conducted using cDNAs of different tissues dissected from wasp female adults. H: head; T:

thorax; A: abdomen without ovary and venom apparatus; O: ovary; V: venom gland.

25 F4H PpSVI Z XN FERUR AW T

H T % MPpSVIHIh &, EHBPpSVIZE B # RLF A THRMNEX F EPPOREHNF
e EMEAETHRNRIINEERE, AERPPSVI W% F 7% 4 5 5 & EpFast-HTB
fopet-28a# thkd ., EHE éPpSVIEﬂ%ﬂ%%ﬂmk%%%éfwi@ﬁmﬁy%iﬁ(4.6A)o
KT E PRk ELPPSVIE G E A48 kDar L4 F &, 5 TN #9457 kDH 4
INEFR, FRFBEET RS T EADH45kDa, 5HNE 4 T8 A/N44.3 kDatE i,

LEAZOLEFENMERABMARERN, RBZEAMFENTRFENED
EHEPPSVI (0.5 ng) et L EMH F M EER K (EH4.6B; ANOVO: df = 7, F =
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125.63, p <0.001), EAT# MR F#EF EKHH (H460), YEHEESFRHEND
MEEE, WPTUT LLE Z %] i1k B POYE H(E4.6D; ANOVA: df = 7, F= 125.63, p <
0.001). & £PTUJG, H M A2 |8 % F B &+ £ 7 (E4.6D; ANOVA: df =6, F =2.01,p =0.14,
PTU was excluded in this ANOVA analysis). iX ££ 4 & & B PpSVI UL R % 5 & /N 8 & 70 7]
# % = Mok B HPPOBIE R F, (B HH % O #E#PORE

A E. coli S cells B
3
’g2.5
e
£ 2
8 *RK
E 1'5 *kk
.g >k K —
1
<
; ] ' -
. , &
D 25
)
Ez.s E ~
[—
T 2 o
= 2 1
§ 15
> =
é 1 3 <05
0.5 . 5
0 50 100 150 200 & (§3 4\ & 4
PpSVI (ng/pl) <« <

E. coli S19 cells Venom

E 4.6 E4H PpSVI #1%| % £ Mtk B 84 PPO B 7E X

Figure 4.6 Inhibition of host PPO activation by recombinant PpSVL. A, expression and
purification of recombinant PpSVI. M: marker, 1: cell lysate of E. coli transformed with
pet-28a/eGFP; 2: purified recombinant eGFP from E. coli. 3: cell lysate of E. coli transformed
with pet-28a/PpS VI, 4: purified recombinant PpSVI from E. coli. 5: cell lysate of Sf9 cells

infected by Baculovirus-eGFP. 6: purified recombinant eGFP from S cells, 7: cell lysate of
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S19 cells infected by Baculovirus-PpSVI. 6: purified recombinant PpSVI from S19 cells. B,
effect of recombinant PpSVT on host PO activity. Recombinant proteins (0.5 pg) were incubated
with naive P, rapea hemolymph for 5 min before adding M. luteus. C, dose-dependent
suppression of host PO activity by recombinant PpSVI purified from E. coli. D, effect of
recombinant PpSVI on PO activity of pre-activated P. rapea hemolymph. Hemolymph was
activated by incubating with M. luteus for 30 min before adding recombinant proteins. All
values are present as mean + S.E. (n=3). Asterisks indicate significant differences from PBS as

the control. * P < 0.05; ** P<0.01; *** P <0.001.

26 BERFEOHER

Serpin® # 1§ 5 22 A8 & BB ik B &4 R 37 38K B 89 75 1 (Gettins 2002). 1 T &£ &
PpSVIFEF £ i ik B P By # 847, KA T pull-down s A7, 35 5 o B Fte & 04T
TLC-MSMSE B R L E.

UPpSVIEE LB FENFENACEEN, ROXARELRET, EAFTHELAER
Y, 4B F37kDafn 78 kDak /. T His-tag#ifk Biwestern%: £ U & T A 3445 51
4% (FATA) . REZ4BRE¥F, HAUEML, HERKDaES, EIFLTEZEN
PpSVI T7, REAFEANA4 kDa. HEBIE, YPpSVIE SR BFEHN T £k EF
F30minERMABER, HIFF—FFEW, HEHRE DGR AL 6 FHis-taghi f [ B
BME, BA4FEANY64kDa (HATA)

RELCMS-MSEE R ML ELER, TEPPSVILLT 37TkDafi B R UL ZE S
# & B PpSVIHIRK B, I ¥ &8 4 % 3 41 5 W PpSVI. Tifr T78 kDaltil #y 7 &4 Fl
F, SARBPPSVIRANF MK EE GBMNIRE. EFAF £ Nk EE Al A4 %
F 5 K F #compd 7849 _c0 (E4.7B) Facompdd977 c0 (E4.7C). H ¥+, comp47849 c0
FENCBI# # JE # H %t £ Manduca sexta hemolymph proteinase 8 (HP8, AAV91006.1) , 5
£ K 59% HidentitiesF172% M positives, F# @ 4% % PrHPS (E4.7B). comp44977 c0 JU|IT
fZ £| Danaus plexippus prophenol oxidase activating enzyme precursor (PAP, EHJ64711.1), 5
B 60%VidentitiesF1 72% B positives, F# 4% H PrPAP1 (B4.7C). [F A, 5k EPrHPS
F1PpSVIHY Ik B 764 kDaly 4 R A ¥ P X 7 3,
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FKATHE M L F PpSVI L 7 B4 B &% H PpSVIL 7l 5 & £ itk B & & 8 PrPAP1 fo
PrHPSH iKY & A4, X & & 4 43t — 5 4% PrHP8 A PrPAP1 B HL (K BT 1R 71 (B 4.8). 1 K,
PrPAP1 FnPrHP83 & 75 3¢ 58 A 4% 8 7% X & Hlenhanced green florescent protein (eGFP)#y
pull-down# & = # #& M| 2|(E4.8).

PBS 1 2
eGFPPpSVI eGFPPpSVI eGFPPpSVI

A PBS 1 2

M eGFPPpSVI eGFP PpSVI eGFP PpSVI

< complex

| < complex

= < PpSVI

< cleaved PpSV1

stained gel immunoblot

B PrHPS
IYGGD*TDIDEHPWMALLRYDXP*GSHGFYCGGVLISSRYILTAAHCI 'GAD IPPSW LSHV
FLGEWNLTSEMDC- SNDCSPPVVDVPVE LIPHEDY:P:DGNQONDIALI LGHREVIFNDFV
“PICLPTSEELHGNSYEGWDMEVAGWGHTEHGSTSDV L*VXLPIVSHONCMEVYATLAS LI
TDXQLCAGGLDGQDSC ' GDSGGSLMGQAT “ “WFAFGVVSYGPSPCGTPGWPGVYT VTAFS

DWILT LEP.

PrPAP1
IFGGIIADLDEFPWMALLGY THNDXVTYQCGGVLENH:YVLTAAHCVTGQILTVVGILEXV:LGEYDTQTDLDC
LADDCAEPVQEILVQAAYPHSGFSDSDNSHPDDIALVELTHFARYSDFVSPICLPDYQQPLPPVGDEVLVAGWGH
TLEGKSSPVI VI LSIPMFD "ECVNKYATL{AYL:DXQLCAGGIFAXDSCI{GDSGGPIM “TGDIWTCIGVVSFG

YGCGRDGWPGVYSSVASYMDWIQD LOSTNV .
& 4.7 PpSVI1 Fi 7 i 75 41k & PrHPS o PrPAP1 iR B 4

Figure 4.7. Identification of PrHP8 and PrPAP1 in the complexes of PpSVI formed with P.
rapea proteins. A, SDS-PAGE analysis of PpSVI pull-down samples followed be florescent
stain and immunoblot using antibody against His-tag. Treatment 1: hemolymph plus M. luteus
and followed by recombinant PpSVI 30 min later; Treatment 2: hemolymph plus recombinant

PpSVI and followed by M. luteus 30 min later. B-C, Amino acid sequences of mature PrHP8 (B)
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and PrPAPI1 (C) with peptides identified by MS (highlighted residues). Trypsin cleavage sites

demarcated in blue.

A
B g
M &
=
70 — e
55 —=
40 —
35 — -
25
15 === 15 p==
PrHPS Ab PrPAP1 Ab His-tag Ab

i 4.8 HL& M PpSVI 2 & (K & 89 PrHP8 #u PrPAP1

Figure 4.8. Recognition of PrHP8 and PrPAPI in the complexes of PpSVI by immunoblot.
Hemolymph was activated by incubating with M. luteus for 30 min before adding recombinant
proteins. Pull-down samples was subjected to SDS-PAGE followed by immunoblot using

antibodies against PrHP8 (A), PrPAPI1 (B) and His-tag (C), respectively.

3t

WHEERMREZF AL T F LT, ERETFAWFLERZ%T, TRNWEY
HEFRTRZ—BRAB AR CERRENTNHT T EMRMEE ERERIRE %
C. rubecula¥ serine proteinase homolog (SPH) (Asgari et al., 2003; Zhang er al., 2004) Fu /s ik
Vn 4.6 (Asgari et al, 2003). % KZBEEL boulardi % i+ Hextracellular superoxide
dismutase (SOD) (Colinet ef al., 2011) #@ Serpin (Colinet e al., 2009), LA B % B 2 M| /4 & ¥
M. demolitor PDV #epidermal growth factor-like (Egf) proteins (Beck & Strand 2007; Lu ef
al, 2010; Luer al., 2008). & fhit, % £# £1£600,000% #, WA FE 4 HHE 2 %
(Heraty 2009). FEE|Fr A BN S HE, EFMHABNFARTFTREZ—IMRREH LY
REEE, EEEWBETAEE RGN E,

WA ETEEEIRN ) BANH T %, — 1 Serpinth 7 K 5 47(kPpSVIFE # 48 4 /N ik &
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BHEHERE, HTMFFZNRMRN, - X BEAF T HNERL NEFRE
B R % ik E El(Yan et al., 2016). (B2, Z WA RACRA T & B A Kk it ki
B, AARFRENT X EHARBIAF. BHiv, FPpSVHFAEETEZFMEZREHT0
MEREGF.

EEHT, Serpind E# A M RTENA, XM TLHEARER-—MEH, ER
AR B RN R ER, L & £ N5 BB #9Serpin.  Serpinth T 4 B 4 H Wk EM. sexta F 7% 3|
¥, HSerpin-1E 4 124 % 8 H & (Jiang & Kanost 1997; Jiang ef al., 1996), [& #, Serpin
B9 F A BT B o 7 At B B 20 Bombyx mori (Zhen et al, 2009), Choristoneura fumiferana
(Zheng et al., 2009) and Anopheles gambiae (Suwanchaichinda & Kanost 2009)% 5§ 3 % 3 4t
#, ERBRF, FrERNSerpinE HHETNAE D164 TRFEAR , EFISABE
RT-PCR# 1 BF 75 W ¥ A s o R 3K o T R B0A 0 20 Yy ¥ % B9 B8 AR LU W] &b A0 P M o ok s 4h
At X HN B L. BERTEGERPPSVIS, Efhld MNREWNTEHEERT LR
REFEEE SN, RELTRRBEE IR R RY LB AT HETF ZWEER N,
EAIM A Z e a i —F Rl
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FHEE RRe/NERRARBRE REEN AT

FAEBT, AW LK Fes @ T A I T I% & = 894 % % (Asgari & Rivers 2011;
Eret al, 2011; Schmidt et al., 2001). WIHFHEKYH, TEFLHTEAXLRHENE G,
FIR A E e RS, PLRF|H0E]F £ 4 M %% 8 B 8 (Beck & Strand 2005; Colinet ef al.,
2007; Dani & Richards 2009; Labrosse ef al., 2005; Mortimer ef al., 2013; Richards & Dani
2008; Zhang et al., 2006). ¥ 4 4 /N BRI B 0 R A, HE AT DARCE & £ i A
A, #0640 B L 3 RORL, (R B RT3 5 40 B 50 T (Cai et al., 2004; Zhang et al., 2005; Zhu et
al,2011). AT, ETARFHEZAAR R/ NEFHFTFHUEA T XL ERANER T
ek, MELEEATHERAEZOTUEEPRNEFEINHARLR, ANALEENREN
FEEE, ATRRAEXEHEAWE TR IGEIHRE,

143085 7%

11 R B &
FA#-#FLL

12 BAEERR
E#=%16.

IKE 2% 9-)--Pd- ]
Rl WELS.

1.4 4 TR

BB+ F %, £ CellTox™ Green Cytotoxicity Assayi #| & * Hi-5 4 it 56 1= # AT

el BLS0 pléH CellTox F b BYHI-S 4 B (1x10° celymD) A 3844 ', Aw ASpl#E
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EAEES2° CBE. KE, 25 T24h. 48hf272h 5, * JH B 471X Varioskan Flash
multimode readert W % X E . BT 8% %K A490nm, £ & ¥ K H525nm,

1.5 SDS-PAGE X EZa##

F B 412% SDS-PAGE4-#7 )&, * JH Lumitein Protein Gel Stain# /T & & ..
1.6 ¥R\ 44

WS R YT EI AL & # TR K F ProP 1.0 Chttp://www.cbs.dtu.dk/services/ProP/) . %
BT 5 BT K A TargetP 1.1 Chttp://www.cbs.dtu.dk/services/TargetP/) . H A5 748 % 047
LZRFWELS,

1.7 BRFRREREB AR EFT N ER

#| FIKEGG(Kanehisa & Goto 2000) " AEM A RSB BHEHXEANF T, HHFEE
N R AR By & 4 # 4Ttblastn (e-value < le-5) Wb, Fribxt 2@ F A7 £
R 5, *FAFGENESH# 1T # & 4 # 7 ll(Solovyev ef al., 2006). & 444 B T 2 49 % &
th % ENCBIFRKEGG# # &, H#ATFITHI.

1.8 I H

B®mELLL

2EREAM

210 BXFELHRER

KR ETREA, EENKBI000MERLEHWNERATLSE (BS51A) . RE,
KhRENAH) EHISHERZFE, RUHEAH-SHHEEHBGER (FS51B) . 24hfE, 4
A16F17H B EFF AR T . 48hf 7205, E015- 18T EX F S EM L+ (H5.1B)
B HBER BR, A2 9ERRAFFH-SSHERNAT, EARAZTHT ZFHH
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#O(E52) » AR, EAFRALWEIEREARET. Tmin® % EAEF 6.

FlEt, *F404-10-25#fTSDS-PAGEHKERE, R T, H515-19755kDa £ H
— %4, REB SV ABREEMHRERES (FHS53) . HPA 2170189, AL —4%H
RH & . *1Z55 KDAM i & HF # AT E WK, 7 K FALC-MS/MS#AT & & Fifk & <
%% 3| &E A% R Hocomp29610 cl seql, #HMLHEEFHA, kEZEANLKFH . H
ORF #1296, #4431 8£8, KPR MEERAEFTHRFT, BEAERIMTISZ
8] A A — AN BRI B 5. ZENCBI Eblastptt 3 4 R B, % & & IL B £ Nasonia
vitripennis aminotransferase-like venom protein 1 precursor, 5 3 E & 85%#identityf193%#y
positive, 3 EH —/~AAT-like (cd00609, Aspartate aminotransferase family) 4 #jik. #
— S F P M &H, %45 E 5 8E G HCCBL (cysteine-S-conjugate beta-lyase) A # A &
AW AT,
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Figure 5.1 Hi-5 cell death assay guided fraction of P. puparum venom
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Figure 5.2 Effect of venom fractions on Hi-5 cell death after 48h
HMATE, KARRTIENE, #NEREEE, RHTL.
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Figure 5.3 SDS-PAGE and fluorescent stain of venom fractions

22 RERBBRME X BHBER

ZETIHEEHEEARAREBRE > X L — & B (Vecsei et al,, 2013). A fx &8 1#
BEHLIMA R BE R G TR EEZEA, H H=EZde novos FNicotinamide adenine
dinucleotide (NAD) #7i%7%(Agudelo er al., ; Mandi & Vécsei 2012; Mezrich et al., 2010;
Nguyen ef al., 2010). NADRZ £ ¥ T FHIE EZHEe, 5 54 DNAGE . RE 6 K.

B 1R % % A~ 4 72 3T 42 (Rongvaux ef al., 2003). FH b, FKA1IEM 1% & & 4 A8 7] gk 33 47
H % EHAMNADH A K, RAFHARAT.
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Figure 5.4 Kynurenie pathway
ETTERCREZEHCERMARBNNE R X FHEFE4
ATBRITERE, RNEAMBEEFARAREBNEFHATER (FHS4FESD
ERE R Z I, IDO (indoleamine 2,3-dioxygenase) . HAAO ( 3-hydroxyanthranilate
3,4-dioxygenase) L R OE LA R ENE X FAF E %, Edenovod AENADFT A E
Hy 77 — EFKYNU (arylformamidase) 1% % 7£ # % B %/Bombyx mori# Danaus plexippus
o ZFHde novot ENADEE THH S L ERXHCER AT EL, B LA Ls
ANADHYBE 77 o 3 (8] B 3 BH 2 46 % B B 35 0 4% A0 1 ] b 4 13 0 BINADEY & 4 T S 5
HHFET.

23 FRAREARE AL EWHA T

AR BB F AT 4 5 CCBLA ( cysteine-S-conjugate beta-lyase ) %7 AADAT &/
(aminoadipate aminotransferase) . 2%, ¥4 [\ S HR P L FE W HCCBLE, 4 &
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By Z, %it £ I CCBLA ) X & BB 4 288 £ P. puparumFIN. vitripennis 3] 7 1£ B T 89
HAY #N % . ZEFEXKEP. puparumFN. vitripennis ¥ HIN#E T, KKG LA
PpCCBL1 £9f2NvCCBL1 %9, £+ PpCCBLIN B L EEINERE A,

Tree scale: 0.1
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Figure 5.5 Phylogenetic tree of CCBL type kynurenine aminotransferase

il £ Danaus plexippus ¥ & 3/~ # U, T A. mellifera. Tribolium castaneum#™ Acyrthosiphon
pisum T H2ANE I, £ H e M A F MRA — M (K5.1) o REERIZARERKT
Bt T 27 £ ¥ P. puparumFoN. vitripennis T 2 | & Z 1

BRAMBHMK, ERET, REHHL M EWERE L/ MEHCCBLA X K A8
TR A—X (F55.) . £+, #MNCCBLIfPpCCBLI A& ANMWHEANEREE., &
EANRFHEREEHEFT R, HERFLIBTFRBTEIHR. BRElo G, ZHH
METEFAANERTAR ik, XEBL)TEREEHTEFRGHWHFEIFERLFER, 285
N, Auitas, CTREETERBENSARED, AMEFENARRAEE
EfE, ZEEHRBEN. AT, TREKNERFELRFERE, AT IFHEAF O LEHE
He R E bk, 5, KUHHAWENRLEFINL ET. castaneumity 2 A TcCCBLI
FPHEE, HAKGRAFE-FITE (BSS
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7, REEBEREEE RNCCBLS. 9FPpCCBLS., 9 HEREH., EHERE G
NvCCBLS. 9fuPpCCBL8. 9F ATAME 6T R EIL &, £ BREKF, W HKE
FRAENE T HINE F0h, BREREE,. ERFHTRRIECETRL AT £
g msl, AMATHEREaWEE, BEZERNEFEHR - S LRIEH,

33t

R e/ NEW AR RE, EEREHT EF TH-SEMF, 7/ 4 %M 5 7 (Zhang et
al, 2005). HTHI-SHEKZF I OAMEE G REEAFR, LARI DX FAH-SEH
FRATHRABERFHELEHE S,

BAETEUREEN)BTAL, EREHE/ ﬁ%&*éiJ%Mxmﬁmﬁﬁﬁ%
AR, VRRTIRARNAT., EHIAMY, ARABREAHRIFEI L Rank
B, 24MAERELEGFRHMTCHER. BT, SREBET TS AWEEE
EERTH M ERFTHE, LYt R ERALENE#S SRR,

HEREEFHARERRKM AR, RN ZEBPHIANABHOEE 2P £ 4,
w L KN EEIDOMHAAO, EFHAAOBMW E %, HBESHE £ Tikde novos R,
NAD, #ME R BL R W EHEK ENADRE F 8 /=4, AW, EH AR AR
£ B 4 L % @ 1 T3 % F W HNADMde novod- i, % FFEHBA -,

%, CCBLA W) A R £.8 % ¥ 8 £ P. puparumFoN. vitripennis £ HE % £ T K EH
EHEEHAE, ZEAERHHRARLT MBI LB EHASHFERINEA. B4, *
FWUBNERERRET A4, AAEEHARFEIANTETR, ARLKBEBEEEE N,
FONEEEN LG, EXABABREARN, EEGZO BTN, SHREET &

, EEENPDFARAE-—FETHELAEE, ZLREEREIA AT LA wETE
HRF L E R T AEE,
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Table 5.1 Number of annotated genes of kynurenine pathway in different insects

Protein EC Number Number
Pp Nv Am Cf Hs Dm Ag Bm Dp Px Te Ap
TDO 1.13.11.11 1 1 1 1 1 1 1 1 1 2 1 2
IDO 1.13.11.52 0 0 0 0 0 0 0 0 0 0 0 0
AFMID 3519 1 1 1 1 1 1 1 2 1 1 2 1
KMO 1.14.13.9 1 1 1 1 2 1 1 1 1 0 1 1
KYNU 3.7.1.3 0 0 0 0 0 0 0 1 2 0 0 0
HAAO 1.13.11.6 0 0 0 0 0 0 0 0 0 0 0 0
KAT

CCBL 2.6.1.74.4.1.132.6.1.64 9 9 2 1 1 1 1 1 3 1 2 2
AADAT 2.6.1.72.6.1.39 2 2 1 4 2 0 0 1 4 1 1 3

TDO: tryptophan 2,3-dioxygenase; IDO: indoleamine 2,3-dioxygenase; AFMID: arylformamidase; KMO: arylformamidase; KYNU: arylformamidase; HAAO:
3-hydroxyanthranilate 3,4-dioxygenase; KAT: kynurenine---oxoglutarate transaminase; CCBL: cysteine-S-conjugate beta-lyase; AADAT: aminoadipate
aminotransferase; Pp: Pteromualus puparum; Nv: Nasonia vitripennis; Am: Apis mellifera; Cf: Camponotus floridanus; Hs: Harpegnathos saltator; Dm: Drosophia
melanogaster; Ag: Anopheles gambiae; Bm: Bombyx mori; Dp: Danaus plexippus; Px: Plutella xylostella; Tc: Tribolium castaneum; Ap: Acyrthosiphon pisum.
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Pteromalus puparum & 7H8 3T LH SN F A sS4 W 5 A B F . £ Pteromalinae
TR, Ko H5F &%, WUrolepis rufipes. Trichomalopsis sarcophagae. Muscidifurax
raptorfNasonia % . 7%, 7tPteromalus/& & 4.8 — 4% &£ ¥, B4 P. cerealellae(Howard
& Baker 2003) FuP. sequester(Gurreaa et al., 2006) ¥ H A B 4 2 mshF A%, HM, P
puparumaN. vitripennisf B T WEBRAR A/ FEENRBEERE, LA THEF £ 8 N5
FHEERAFASRMOHBEREE.

SARFEMEARANTE, BRNKLLERZTIOMENERe/ N EEREZD., &
HEMRBEES P ERAMAFELERATEME, FREFTAKRS LRI WKF L/ E
£ & & ZENCBI nr¥ 3 E # te %1 2 [F] B T Pteromalinae T & I Ff W £ & /N, F4b, K
HOMBL I EERZEOSMRAEL P EERAZTOAEEWFIIEMME, MAESHM
EREAAFLELERATE., REGR G AFAEER T F R FEN BN — 2.

ERAFEEATEMNBIHHARE, BLTRFELRNERBE. TFWE,
BAEFEL N EERRORSCRENEENFEEFTRNAA, ERRAELAFEFT
HFES PEERFHRERD. REERFTOTHREENAFAAFERT —EHWAE. E
TR ETENHTERROWNTZLEERIWER . - SHWHARMERFR
ARTT

ARXHARBRTATIEEL L EREOSMRREL IEFRZ R EAN
FEF R, MEAGCRENATFELFRZORE. BIMEREL I EFRHFOSAMA
FARERTOARFIENE, E5RRNTRERS MEFRFTa T AAAMNE, X8
BUEREFA P TR - EWER. ARG ERT £EFRAL, FASEE
ANRARBEREEOHERET EAER.
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, EREAE/ N NEFFRLIEAMGF LE FWPDV, VLPREH A%, FRE
AU PETHEEFART, THFRFENHERAE. ARLR, BEFTLF. &
FHAME, METFAEFAALT, BN NEZEEF THAFETARNEE. IHERE
H, TEEFLEETRALRNELES, ARATENERANG, RAXAWHFZHHE
HREREE. EEF/IEF, LAFERWAABFIARCCAREFNEM. KHFE
MEHERTULEE T EOARNEKE, HHAFZOARER, FRERTLT, TH
FEMMEBEMRNAET EEEAXEENRLSE.

WETEMEERNS BN, REXLEE LR E/NEFR T H—Serpin B Fh
REHN G F £ K B APPOBIE R A7, (EHFREEZEMFIPOEY . &SerpinFE KT EHR T 5
FEOMEEEHHELAE, EAGELIELAFE KO E S8PPAPLFPHPS, #T
WHIF ZHWPPORER M. 5, ¥ NEFHTEL)HERH —MCCBLA R & &
BHEER, KT RERAT. RU/TEREA, ZEFESRL/ \EAMBERES
MEXFAFHRETAENES, BTFHEFEAFHEESG. ETRE P AREARA
BEEH LA, KAREEE%kde novoss RNADWEE S . BT, ZEFRARER K A8
FTHBLINEINAD AR R E R AT, HAGKEANEMESE-SHE.

3RS/ NETRH AN

HURTET, FLEESHAIRBTEEWEHE, LT ERFEENRBRITE
EWER. AT, FEEEREFNRBEZSMAFREHAR. TRAE AN FRELH
FTERIEFTEERELR, FELE KL B I LM N FR D EWong & Belov
2012), ~LERARNF T EFEARFRYORRYE, wRMWAZEM demolitor ¥+
Ci-48a-like proteins 7 reprolysin-like proteins(Burke & Strand 2014), Leptopilina ¥ Hy &
RhoGAP % # 8, & & (Goecks et al, 2013) DL R B R4f 3 ¥ A ervi F # y-glutamyl
transpeptidases (Colinet et al., 2014), FEA K X+, KA LI T — MNCCBLA W A K &%
HEMER, AARRS/ \BETWEREES N ELHEARY LA ZHEHEH, 5K
ARBEEFRT. AULFTERET, ZEEAFTEL) U FERER, SFELGH
BERBETK, FREBFEEZER T,
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BE, XEEHFFERLHMENE—KRE. FRLTREHde novo X FH AKX, X
5 #(Siigur et al., 2001; Vaiyapuri et al, 2011), # & K F $ # (Martinson et al., 2015)% . &
BXERET N FRELTEHERENF T RIVEN, SerpinEFHWHFHT LY &
RARREEEFATENERALTHES, ARLBEFENRTEEG, 7D
BlF R, % 4% Ganaspis sp.1 ¥ B sarco/endo-plasmic reticulum calcium ATPase (SERCA)
EE, GEEAAARANTEH SR, —IMASHTRIEVR, A MAHESHTENE
# X (Mortimer et al, 2013). B2, o fT8& 3 ¥ & W #3447 & REH AR EALF 7R 154
—HEH.
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2. ETNFHERAHKE, XEREARTEMSN, I —AF K Serpin 7T X HE#&
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H £ =

3. EARREMEARELNN T E, SR 10N KFL  EEREFRED,
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