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Abstract

Parasitic wasps are important biological control resources due to their diversity,
phenotypic plasticity and wide host range. Pteromalus puparum parasitizes a variety of
lepidopteran pests and is the dominant parasitoid of Pieris rapae pupae. The parasitic
potential of parasitic wasps is closely related to their lifespan. Extending the lifespan
of parasitic wasps has significant benefits on field control and economic efficiency. The
lifespan of P. puparum is highly plastic with changes in environmental factors. To
understand the longevity regulating mechanisms of P. puparum, this study investigated
the effects of three factors of aging, including nutritional conditions, heat stress, and

virus infection. The main findings are as follows.
1. Annotation of lifespan-related genes of P. puparum

Combining genomic and transcriptomic data, 229 putative lifespan-related genes
were predicted from P. puparum genome based on known lifespan-related gene
sequences. These genes function in four signaling pathways, including the IIS-
PI3K/Akt pathway, TOR pathway, MAPK/ERK pathway and AMPK pathway, along
with three physiological processes, including autophagy, stress response and
metabolism. We predicted the conserved domain structures of these genes and analyzed
their expression patterns. Amino acid sequence alignment and domain structure

analysis showed that most genes are conserved in six orders of insects.

2. Effects of sugar sources on adult lifespan, survival and related gene expression

of P. puparum

We assessed the effect of feeding sucrose and honey on the lifespan of P. puparum
in the range 0-40% (w/v). The results indicated a statistically significant positive effect
of sucrose and honey solutions on the lifespan of P. puparum female adults. Correlation
analyses confirmed a strong positive correlation between high concentrations of sugar
and extended lifespan. The optimum concentration of sucrose solution for wasps was
20%, while 10% for honey. Then, we examined the expression patterns of 15 lifespan-
related genes. The results showed that the relative expression levels of 14 genes were

significantly correlated with the mean lifespan of sucrose-fed wasps, and six genes
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correlated with the mean lifespan of honey-fed wasps. In addition, the models for

lifespan prediction were constructed.
3. Effect of heat stress on the adult lifespan of P. puparum

Based on the high-quality transcriptome data obtained from RNA sequencing, we
analyzed the gene expression patterns of female adult P. puparum in 25°C and 35°C
environments. The results showed that the gene expression of P. puparum changed
significantly from 6 h of treatment in response to heat stress, gradually accumulating to
achieve a dramatic effect by 5 days of treatment. The gene expression patterns were
clearly divided into two group: short-term and long-term. The differentially expressed
genes for short-term heat stress were mainly involved in signaling pathways such as
antigen processing and presentation, multispecies lifespan regulation and endoplasmic
reticulum protein processing pathways. The differentially expressed genes of long-term
heat stress are mainly involved in several disease and cancer signaling pathways. In
addition, nine hub genes were discovered using weighted gene co-expression network
analysis. After validation of the transcriptome data, the predicted hub genes were
verified by RNA interference and three novel lifespan-related genes were identified,

namely PpXAPS5, PpELL and PpCathlL.
4. Effect of PpPNSRV-1 on the adult lifespan of P. puparum

Based on high-quality transcriptome data obtained from RNA sequencing, we
analyzed gene expression in female adult P. puparum with and without the virus
PpNSRV-1. The results showed a low number of differentially expressed genes and no
significant enrichment of gene ontology (GO) functions and KEGG signaling pathway.
Using gene weighted co-expression network analysis, we identified a module highly
associated with virus-induced longevity traits and screened for hub genes in the gene
co-expression network. The hub genes may function in the autophagy pathway, p53

signaling pathway and amoebiasis pathway.

5. The role of lifespan regulating pathway inhibitors on the adult lifespan of P.

puparum

Several inhibitors were selected for oral delivery to P. puparum using annotated

lifespan-related genes and newly identified lifespan-related genes in the transcriptomes
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as target genes. Three inhibitors were found to significantly prolong the adult lifespan
of P. puparum females, namely Trametinib, Rapamycin and Cathepsin Inhibitor. They

prolonged the mean lifespan of P. puparum by 34%, 56% and 51%, respectively.

Key words: P. puparum; lifespan-related genes; sugar source; heat stress;
PpNSRV-1
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F—F XBER
1 W&

B R FJE Y Bsh# ] Arthropoda B 4 Insecta, 1EAHEk L3 H & £ 5
Wk, EARMRAZ A EGZREAR, NAL BT A6 FHEKW+
LEBEELY TEMEFGHERE MR R EZRE N R ER
HTRERAEEAEEENEGALEIBEINTEN . EVRENIEZAE
R, EEE— RPN EHNRMESERANER, ©F UV EE E
FHR, HMBRAERGHARLAET EWNE S, X TRENFNHA K E
B2, TFRBEREAN —ARAE LN L HZIRAAERART FRTHE
— X @EFE X H TR ¥ (Weinert and Timiras, 2003). /7 4 4 % & B 31 35
2H: ERGRE. BEE. AENR (WEERES) MEHE. RRNESX
B9+ B & 5 B R ¥ Drosophila melanogaster XA X R 5% . F48 3
ERRARFHNEGFEENFEE T 2R TR, BAFRMNEAREFLEZHT
200 £ A5 % e FH A X EFE (Tacutu e al, 2018), Zr A ¥ (HEHH
Hymenoptera: 28T E Aprocrita) & B 3 & & 8 20%-25% (Godfray, 1994), fF
AT F B A AR Z —, B AR LUA R AL A F S R R R R
SRERAFWEENAITR G L HENARENF 4 R T E#ENHE
FRFEFRNGARET FE. B, SEEXENMR AT RENFWE IR
ZRTEHTHRANERRAREE  AER K EWERFWAF Gy R H £ #
THR, FHFXMEEFEGEBNF AR *RHTEE,

2 RENFWERFH

S48k, HFEFNCERETHEHERF N REEERZZHIRE, ZEL
Hl WG, U R EE R HT T EORLE . K2R ERAAE —
TR, CIBFAREEL AT E—ANEHZRERTAGET XxEHREH
Fo XBHEBAFA;ARFERMRZE R, BFER NN FES AR
MAEFRET RENIR, RERB NN EGLRFIRNARFLARELT AL
B F18 % 7 & B e AL 2 (Cristofalo et al., 1994), 1% Z b 4 — M4
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w, BmREAREELHESRRL, #RAFETEL, BRERT2RE. £
WERET —REEEL (k1D , FFITHE P —LEL,

11 EEFRENRF RN KR

Table 1.1 Classification and brief description of main theories of aging

FEHLH B F R FEAZE

REHE®

4 20 L R R B A EinF (£EZ DNA) ZEEHNRTLERT, RE
(Morley, 1995) FEAEY A B

DNA #% & E it DNA Hy B #l R Bk T Wi el %4, DNA E#| =W R
(Hart and Setlow, 1975) T RN R REEE

REXKZW EERMARERRHFE, BRTHE=WTEE, &
(Gallant et al., 1997) ETEEFEIES.

(233 300 EERNEF E G 6 S B A R T B R
(Trevisan et al., 2019)

&R ENE S HAREEaR AR ERRER L SR AN L,
(Cerami, 1985) EEAEHEE.

EHERZER AR R A RE, AEHENARATNEE

(Harman, 1981)

HE N B %

(Weinert and Timiras, 2003)
FIZE W

(Weinert and Timiras, 2003)
REBRFEXER

(Bjorksten, 1968)

RErFERAH K DNA REWRRAAMB Y, THEH
RAREZ—.

MENT WA EMNEFTERAETREE, WETW
SU RN RN EERTEN, HTFEEX.
RERBSMEEZLTER, FEREEMFERR.

R ERBMAE O TR HR R 3 R B T B AR e 45
AR BAE X,

RFER
BEFUREELER
(Goldsmith, 2017)

432
(Mikhelson and Gamaley,
2012)

WEREE®R
(Burnet, 1974)

HERAR S REER
(Williams, 1957)

e
(Edmunds, 1978)

A FREE
(Kanungo, 1975; Kenyon,
2010)

FAXRET MANWERLTREERF, BLRTER
AR ETRAME., WO ERARET, k%
FRAMME B RL, WIRMERAET Eme e,
SAE £ T ARAMS R B P RERNTEYE, BE
FRE KB TWTHEAE, EREEETEAN. TEHR
KRBT om By 1, smbBe v (B T8, S
Sk A, RAMEEWEEZ—.

EWIEY & 4 BT DNA Z &89 7 %1%, DNA & #87% &
MREFERE, FEAAAREERNTFEFEE
HURFA £ FHREET AANER, EEEFRE
BRKAFETARLEENTEER, NTEESHT X
£
261 L 0 4 BV HA VT RE AR — Aok PRI B9 B BOAR A AL R T R
FXhAFeR AN ES A BENEFESR
P Ey 1A 4 R .
FEXREARTRAMELNEENRLLMUTI R,
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B & # 3% # ¥ i & Denham Harman 7 1956 £k, T AR E LW FE
B Mz —, 2451F %1 Harman WE BRI A, 2 THRHEEXZHR KRR,
HERA TR P AN Oy EHERATANF S T AMEREZ LR FHER
WA HG. REX—BLARFNELEANMER: F—, BRAEFNERE
B ET IR E A, BN A BT E R URENARNEE, EETH#
Rt Fa; =, WREGBREMTA, WAL ZEARENRE, FRE(TET
MR £ FH#T T AN LR REEHXTANER. flw, EEERE+E
% F B ANEE S Y RIEF 4 (Kitbyeral,2002), 56— —%. 4T, &
Z AN ATEE LN R R ARRE A o A5 H LN (Orr et al., 1992), 12 BRIE B% £
F, BRRERFARKFIEANEAEE R L AMEAT AT, HEEE DB
B (SOD) MK T B & e a5 & 4 (Mesquita et al., 2010), 1 &% =+ £%
754 SOD XHEM & EWMAEGRAREDH. XUERITIHFEHERS
b W N e EER ARG, £ 1990 4 Sohal # H T A/ A #%3L (Sohal
and Allen, 1990), * EHEREFHHATT HM, X—BRWEZEA#EL, K&
REBHFHERBOAENR, ZEREEFNTH. TEIRPRENFMG L
—MKEMA, MAREZLWEBEERF . Sohal I\ A, HHHREAMKTEWL
FleF= ek EAMR N, REWEESEML A ATHER, ENLHFET
FHARPHARENGE, EEMENE LY, LRI Pws e REtR
FREHTH, CNELHMTE R H G R —IRWE =&,

BRABEENERRES F AP LW A EEREEL, CAANRTESEE A,
BPRRE R RN SR itk R R R EZWAE (Cerami, 1985). %
BELMHEER. ZHRAEARTHNEELERA, dilbE REHEARKE
. MENTEREETE, RADERRARSAEHEFEAIE. X —FUHEE
M EMEE R ) —HAES R E XL EENF g dE AR E w0
B AERENRENEREMLR, GEEEMEL e B ERELE WA
BRI XMEAT, TURBTFLZEEANLR.

A RE % %M (Antagonistic pleiotropy) E b2 YA N\ N #LEE £
BREZEREANREEL, 2RUENEELERAN KA R L — RN, AP
Bipihh, FEERTRHRELGTHELGESBENARIERARLE, EHEF
BEKA AT AHEFNEEEA, NTEESHT 2% Mitteldorf, 2019),

3
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AR X — iy, F U [ O AT A7 ) Fo AR R 1 L A AR P i 4,
X PR B AETF N ERANEESSBE M ERERY £ TR EA,
THL, BmAFE BREEKFZ B FAEEETER . XHERIER B ERIESE,

FEHMAKALEFE S, BREF G2 B FEH LM FH (Lemaitre ef al., 2015).

{5 4o A2 R 98, o BT A B 20 i FT LLFE K & 4 (Sgro and Partridge, 1999). 44T, X ff
REHFERR, TRNERNA - LRBNKERRALSRALAERNE
P71 (Arkingeral.,2002), 4 EY KA MK F o Z A WERELR, 7
REXT B —FPE RN . B AT EAKE SIS X MERTE —FF
B, [EXTIP AR R B — A A (Mitteldorf, 2019). AT, HAMEER
HUCER -GS, B B gl EE. AEETRNERT BKNEH,
LHEBEGHEHAE (Carey,2001), X L FN KA REFEF LME THORERE
CAVBHLT A -4 Z B B9 A X & (Pamminger et al.,2016), I T & AT
oK F 4 G E R, TRFET HENREMT,

MAFHIRZ FRA UL, EMFGARTEFUT UM E: B, AT
AEBHBRNE - EMMEFEERRNREEX, Lk, UFAHHHE
BB R FE AL RNE LR E T E i £ A E R, FE—NRERE
METUNRBER ENERTH LN NBEFEARNRERARALZRETEEN
— . EFEHIE (Fontanaetal,2010), kA 2 A FE— L5 ERTFHNEZH
. 5=, sz EmAEa£RRA, NERS A4 HEMXNERETR £
PEERT, FTRAMANRALELRME, THEIERENENHEAF 62
HAEERLRRN. &5, EMFFHTERRE, UAXNHA, ARHTH
FaE TWHERK, NEFERZ DRI ARES 2035 P LERFEINEN
70 £ % (Kyriazis, 2020). 3 %1% &8 57009 — AN A 0 B AT 2 K £ 1 89 6 &
W E G, FREATZIARNKAE,

3 FaWRHAEE

A NI, RENBLEGIAENS L LT —NEREANEL, & T
ZHERRMNLELRBFUNANTRELFES . AT, ZHEMTFHFR
KAA - LHMAFEEEES, WEANKE, BENFORFE XK. KHAE
ETHARENHBER, SHRAGHRER, BHTRABCENF AR LT W EN
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# 4 (Lopez-Otin et al., 2013). HEE XM LML+, FHRIE GFFE) 1A
£ (EFE) HEZ AW EHEREHTL2EHEERELNENIE = EMNH .
3.1 REAAEFENEGHF4HEE

—RERIAN, AV ESSEBEEREEMR K. KERFRF B ERA

(caloric restriction, CR) 1 A — F# 48 |~ 2 B 7¢ 09 K A 4y 7 0 7 3%, 40 E I 4R
EERIEETHAKENER, M T L4 LR AL B LY, REWNRA
BT EAWEE ST ELTE. CREBT LR ENERGAFAETHE
Aotk KR, (BB R E (FE1K 30-70%) K £ HLHY (Weinert and Timiras,
2003), EXLHRF, REMRFAEKT ABFEHLAWF TR W0 FLE
g K F 4 (Testa et al., 2014), X L F U@ 5 BRIEE & (Saccharomyces
cerevisiae) . %.#® (Caenorhabditis. elegans) . 2 E4 . /NE (Mus musculus)
f1 KB (Rattus norvegicus) SR E4y, T HEA—LHhfh, mthd, &, Bk,
Ho Fo (B 4E % #0878 (Le Bourg, 2010). 44 T 414 B 7 38 18 41 f IR 1 71 1 gE 42
#n % 4 (Le Bourg and Minois, 2005).

MEBEHEARNER EFRARHIEA T ERRTNEEH G HEN S
FHL#|Z |86k S iz Bk % (Fontana et al., 2010; Lopez-Otin et al., 2013), 441+ H %
FEARZESEERBENE R RN T EERREEARS AFQF =4
REBERENFTRFAGETHRE, RFREMEGHE (AMPK) 5 &%,
— i P 1 45 FEL 38 & 5 %% 2 (general amino acid control non-derepressible 2(GCN2) )
FuE I E £ ¥ EH (Target of Rapamycin (TOR) ) 5%  (Chantranupong et
al,2015), ERERES, AANGERTNERRZER, 2AERGR/RE
ZFHAEKET-1 AIS) F5# % TOR 5@ % (Bettedi and Foukas, 2017).
TOR # 8 ¥ LAvw i % F N F, BFREAT. EXRMA. £KE FRHEA K
% (Johnsoneral,2013), 7 1EF T £ % FEEHE T8 LiF, &0 FOXO, FOXA
#1 Nrf(Antikainen et al., 2017), IIS ## TOR 12 5 # %/ 4 — M E R E 7 & A
B, TRk R NF CRIUKEEAN AR TEFEE (Partridgeetal.,2011),

CRARART HFhrEk, Fo0ERT RE RN, WERH WU %ER
B, VAREERR B4 £ LA (Mobbs er al., 2001), CR 5|2 e fhfr A B LA K
A FAE—Fh S A BB ST RLBR R TR ZLE R RIBOT BT R A A
AR KT LA 4, EIRF o E AR SRR A R R A B & A7, AT
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Tk FHa, XWHEAFWLERS (Rattan, 2008). CR FE K 4 47 % 4 0y EL AR AL
MR, AR B E E AR R RS (E 11D, CRA
HERAMENF CFEEERM. B RS RGRE. RER K. A%
WENASWNEE. FRAEREFREYAGUNE, B, ZERRATET 4L
EHECREEKANAMNER, REWN, EAABERERXFACRRKET EGK
B R R R, MR T 40 A AR BR3P ALE S E T E # M4 (Lopez-Lluch and
Navas, 2016).

W MR
BRI
L ELRH | 98
B AT AT
b
SR TR B R L ISES B
AR B REE
@1 RS > (1 33
v ek ARABHE

B 1.1 RRRFFFKFWHRI (Testa et al., 2014)

Figurel.1l Biological mechanisms that have been proposed to explain lifespan
extension by calorie restriction (CR).

3.2 WEME S &4 EE
EREMAENFTEEMEGWEERNEZ —, BERET RS, vIIWEK
KE. MiFa, £FEN . BRMPNHEZ 2R mIEE N ZE (Hoffmann ef al.,
2003; Lemoine et al., 2013), F #1855\ A im 2 4 B & % & B9 200 5 fE B VH AR &
EKERmEHEAX, HERMEEREAMARELE, REBERER REH
(Lints, 1989), B A X —E W H B F L& M, TIIERL+ 485, THIEE
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P A GHRR BT, BERT A E N RR BRI S
ROV RN 1 R R B

FRMET, FEZREWATASHEE. REAGLERFE. HEAD
Diaphorina citri J& 27 41°CT F a4 B F THET 74%, 27 20%H f#=7E 2 h W5
T (Hussain et al.,2017), 38°CAL 3 2L /N800 1 48h, M| 1 ik R 89 & 4 2 BI & 1K,
JUF e FUE (B8R et al., 2019). FK ¥ Musca domestica L. 183518 £ 71 & B
WE T At R, S A4 44 (Farmerand Sohal, 1987). B H 4T 5 % # i
MEA—EWENGE S, HARREZKEY Sitobion avenae (Jeffs and Leather,
2014). Bk ¥ Myzus persicae (Sulzer) (Li et al., 2015) 1 % & Bombyx mori (Manjunatha
et al.,2010)8Y & i B2 B KR 72 22 7 18 B AR o i S BN B B um B U, X AR i U Y
MEA2EE, RAKEFH, TREIRT FWATREL. AUNLERER
45 5 H iR (Sarup et al., 2014),

B AT, B s R AL B F RO o R . B s AL IR e — AN R Y
BER R A S HME B (HSP) By kL, HSP & — £ & E AR B 2 % 16 o 51
EadaTHAE, B ANERSE FH LI LUK, HSP B4 K 2 #F %1 9 48 1 7 % 3
BE. B, TRESHEANETRERA, TRAREFEFGRAEFEER
X (Tower, 2011), HSP WREFH ) FTEFMEEEAKTH L ARk, €&
HSP100. HSP90. HSP70. HSP60. HSP40 f1 sHSP. sHSP & — % B & — /MR
W o-mm R E BB NG FERBE B, F LRk HSPs 5 % 48 % (King
and MacRae, 2015). Hsp70. Hsp90 #2 Hsp60 7+ #| % 70. 90 #2 60kDa, % 45
EERMAAELAER, @fF HSPs B9 EH . g M & FEMf . M R An 20 fig < for,
MR mEa ek, AESTES. #FXANHFEEZILRE (Clare and Saibil,
2013), BFXAQMERKAF TR EFH TREF G L KE 5T HSP 9%
i (Sarup et al., 2014), Y B #FETENHET, HSPHW KA ER M, &
EREERARFAREEHRTE, PHEAREGK. HHETES. BXRAH*%
FERE, FHHE %5 THE (King and MacRae, 2015). 45, £ # HSP 7 LA
VI — T R H FEE M, w pS53 A1 HSF, &0 HSP ¥ fk 2 i 1 ix st %

F & &4 (Tower, 2011).
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33 mESFHAE

T o AR G i R R R E AT AR R B A B 2 A
MEREARSKA. FESEMWRE T AT REANDATEETA, &
EE|RAMAT. HHEENENLE W —ANBENAE, o2 RBRARTHM
RGN ae T, TP E AW &4 44 (Semsei, 2000). X 2 15 2 Y
HREI, maEd LR E RNE S E 4 R F I H .0 B R E Culiseta
melanura WH % B X3, FIDRHEHE R (EEE) FHEER T W FEEKH & 25
@ f1 %78 71 (Scott and Lorenz, 1998), 15 L% (Mayaro) & & By E & i 4 M i
MEBEURMER A ERETHERERRLRAEARERETMN, REFHF
LA ERTHEANENHEBELK (Alto eral., 2020). X 57 K J T80T
VR ERT SR ENER T AA KX, AERRERRN T RIS Y,
TR HE £ F1ENEEFEMFLAE,

S 2/ N P e — PP AE TR AL X #45 RNA 7% & PpNSRV-1, R4 T
wEEEe NELNMIR, BEFETEREMGEENE ML TN B (Wangeral,
2017), PpNSRV-1 #y/F & = ki & /N REPNER 4d U RER A S
d AR E|EHE, FEFAELAMUTIAFEFAELANEGRELEK, H
XA K FYRA IR 35°CH A TR K. EE PpNSRV-1 77 &1 K1 & 4
EKFERELTHRELBZNZN S FNEMAFE,

34 FHMHXEEMETER

BEAPREE . BRHAERERRHENENE W ERRIEKER, B4
A5 REHFGHEANERRER Y R, 2 5%, BLEERMBAEETEXR
RETLFEAET 2000 2N FEHEEFMKEFELF (Tacutu ef al, 2018), Y HE
ERNLEREFARTH, £WEFG L ERE, XLEERFERIREET. K
Z, WmREEEFNRETIRT MBS TR, SRENEFDEEE, N
KX EFARANKFEE, AZHEKEFEESSRBET IR B R,
& T IGF-1R. PI3K. PKB. AMPK 71 TOR X i#t {1 # f FOXO. HDAC. p53
K7k K KL B (Proshkina et al., 2015).

ELMEREN PO ZRRLIN, REEFALEL 4 F0FAEEE, 4F
BEE/fESEHEEKET-1 (IS) (Altintas ef al., 2016), sirtuins (Dang, 2014),
BOBEL R A OE E G % (AMPK)  (Burkewitzeral.,2014), LLR &1 E & AR

8
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(TOR) i#¥ (Johnsoneral,2013)%, IS 24 E R, WHAKMITHE
ERRNBARLKR, ABHF. &2, RE. MREEXAY T, WHESZ/HES
FHAKET-155EE (IS) Hasd@RMIERK AN FEa. IS K E+
SRT, EANBEFEARARMELARUNES R EE, BMEALRFGRL
P ANEREENGETRE, IS ELAMANGFEE ZHRAEE, £X
TR LM A AEKL T, RE-TH. €8, REERE 4. TOR 2 —
¥ % A% 48 B o 86 69 3% %, TOR (Target of Rapamycin) & % 2 # 1t b R 1% 7 #99
BEAGRMARKATHN —FETEE, PHEK, AREHE. BT, A
T, Eaiemk, BRAERF LM EETE (Weichhart, 2018), #74] IIS &
fEfX TOR BHENTEKF 4. EF LG T RDMRE S ZHRYERE#EIAFL
PR T K R 4% % 4 (Mair and Dillin, 2008), 4XT %4 X & & F # 4 B 24410
FE KT A & 4 K (Gronke ef al., 2010), #1#%] TOR JEHX ZoE R 5 &
B 2% B A L8 (Partridge et al.,2011). 28 i 4 TIS 2 TOR 15 38 ¥ 2 8] 7 12 5%
T EE, i 5EMETERSAEDN FHNEAERMERZHZE 6,
MAPK/ERK 1z 5 i ¥ & 1IS i# ¥ 0y — 4~ ZWE 5 +%, MAPK/ERK # PI3K-
Akt 3 3t 4 A EF R — 8 % . MAPK/ERK B #) Tl x4 A F
Aop #1 PI3K-Akt # % T 4 K H F FOXO 15 # o KF L 3L F ¥ & a4 A B 2
H, AEMRLEERRN. BEEXTHAELNELEXRL LA (Slack et al.,
2015), AMPK Z—FfreeE#R%E, ERTHREETH, FEFHRRELESH
% . AMPK WG a8 /1 e % # #2 + T /& (Salminen and Kaarniranta, 2012), 5
TOR i# B 1, AMPK # %5 7= F 8 &4 THEE (Gwinn et al., 2008),
AMPK Wit E R B R (WA BE, TEKE M REN &S
(Funakoshi ef al., 2011; Onken and Driscoll, 2010),

IR, ERBRRERAGHEM/ B ECRENEERAELEGRAETAEEE
R, HEXLGEENFGNPHHARE RSN ETXBER, AREITAAX
EALE MR ALE, ME-A#HM ERFOEHFAEH LR, AW,
N EGREMAEEN T REHREMN A AR EEREEF NS T
WA REH, vlAR2EKENMBF 4, Fit2RE &4 (Honjoh and
Nishida, 2011), H#l ¥ ~E B R EX Le R R MR E Labsx Ak E e 118
AR XK F 4, B FEEX LAY REREER TR TSR,

9
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4 RFRWEN., WEMER

ERWMELREGAEARASURBAUA LM R REAFR AL BT A
R4 = b RNA THBEAFEFHFEEA (CRISPR) , B2 R 8K = L4
Jl RU486 % #] GAL4/UAS R G #t AT LBt %, B T X R & o HIEH H X
SEREEY 202 N EFE (Tacutueral,2018)f1 £ 4 fF 5@, W& EHEGHIEMX
MEREHRNEAZRZRTN. RERERBETE, AARERFGARNEE
EPTHERESE, RNESEFENE, RARFTELATHLUHE 2 EAR
MKAENITARER R EENEGREZR., EMTRENF T2 AL, BRE
BEfRLs#E, EEEEMEENFREGHAEZIRLEARED.

AR & /N P puparum R — R E EREZHAFT AR, TUFAF LS
WHF HB R ETUR (Peck, 1963; Takagi, 1986). ¥, +FUMRXNERE
2 XM P orapae REFEF ., HEEERH, ZEAEMEERNM K EH
BWINTEFEME LT, £F K 58.97%, 6 A K 62.35%, & & £ T4 90%LL E (#A
#,1983), fEN—HEENE R RAHKE, FEENF EMHBNBEZ RGBT
FAEBWNEG EREAFEITFENRE, BEE NEWETE A RN R H B
HEEHBRKEALENTR, EXAFGHERSHBRAGRR. FZEH
HHETE. ZTHR BEAE. FoTERRERE, KHE/NETUEY
HREG LGN — A EEE, SRR/ NENE G T UAERTHAR, T
R EmBEMAUE 2 AEERLRE, YEAF GRS FREEE, FEb
RRAEMAENARRESE, W KABENGHET, FARARELEHF. &

FaRENFATTRE, REERBLE 12, 5%, REAXRNEFAHEN
BRI E X E W F o AR EFHE RN ER e/ NEP O FP A RERCEEK
FHEAME AR #TEE. HR, 2ANZATEEFRFAEE (&5,
R B F0 BR 0 /N 3R & RNA JF % PpNSRV-1) #AT LI Fn 4 R4 2 6 447,
W, EERMHWAFGEAREEZG, 7k 30 & o8 K2 B & n,
M/ NESATHE F LR, Tl R A B B A o g AR A2 PR N R T

10
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Figure 1.2 Research idea and technical route of this paper.
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F_E RRS/NEFMEREFNER AN

4 4 Tllumina, PacBio JI|JF# A Hi-C #8124 £ A, #H4 /NEWE R
ELERRERNEETHTRAEEE (Ye et al, 2020). 4% 5 05 B A AN
# 338 Mb, contig N50 # 38.7 kb, scaffold NS0 4 1.16 Mb., Hi-C 4474 # F 42
scaffold 41 % 5| 5 &% & 1k £, £ scaffold NS0 #2 & %] 65.8 Mb, 96% LA _E Hy 4 %
BEM TR EMA L BTHMMEDF 4R £GP B TENFRER T
AT EEER.

WAL R 5, B HF AL, 4£ IS, TOR f1 AMPK % 4 £ i
BLE, BEMNMFEK. R, 7. LA ETEEFE (Moskalev eral., 2014).
rElEMLE, SRRE, MHEBEEL N EEE A EREMAETNER
(Proshkina et al., 2015; Tacutu et al., 2018; Werren et al., 2010), 34 5 4 /N & 4
EREZHARERH#TER. L2 S5,

1 AR5 %
1.1 AR &

IR /N P puparum BEF £ MK P rapae 4 B RATK B #HLAE AN
THLAFRGREE, ELRFESENERT +5 REHAT de nova N7,
HAF S F kS EILE 7% (Cai et al, 2004), B84 /N R E R A
AEBEANTREERN GREH25+1°C, WBEH 60+£5%, XEAH A L:D=14
h:10h) o Sa/NEW A G BN K 40d, EEAES £ )5 48 h £ 4 B &
Yo, HhaAN8dAK, WA 10d 28, KREVT AR E, BHEE /NSRS
B % G 42 25°CH T2 0 20 d.

AR o/ NE R AT REE (AB N 24mm, KE N 9Smm) F, FEHK
E30kAL, REALRET: (D T Eryigsfo g k4 11 B EE %
TEREEF, ARETHEMEERE(CAFE)AE 10%% E K (Jaetal.,2007);

() BARAXRE3dEERERAFEE (E4£ 1.1 mm, KEF 78 mm) F,
WHEFERRANAE 1 d RS EST£240 5, FEERE;, 3 21
15d A%, FEEFEAL, THEHFEENTHTEREIHF—RHFT £,

12
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1.2 RNA-seq 33 By 447

RNA-seq # 12 #9 K & fa 4L H#% J8 Yang et al. 2017) R AR H 1T, RER
mEf, £ 12h WAETF AR EE T R ERIm e /NER e, (5T & IRE
RN B, EFEE2. 4. 6dFKE 1, 2, 34 E. FEL AW EFH
MEEfe G 2d ks fnigss, REFHATNT, FEMEAE. 4hH. M.
SR . M R ok R A R R S N [R] BE A A TR A B A R 4IE £ . 7 RSEM
T E AR EE K3 K (Li and Dewey, 2011). ¥ 58 4 /N5 A8 % 2 F 09
FPKM 1& 5| F [ &1+ . 1 F TBtools (Chen et al., 2020) % 4 58 4/ & # 4 48 % 2
Bl 72 & K 8 W B 4 3 HEAT T A AL AT o
1.3 kS NEEFATFGHAEFNE R

EatxEHNERAAMERANTIRFE. —REEEKE, ££HEHKK
REGZERREEMFFEK, WANCERELERE;, —REXFHLERK, #
EEaZKNINY ZEH I KELER., 64, BECAERARFALRIEAS
KW E e R EE, FMEBES D. melanogaster 71 H M R, A& 4y 2 FH 4 +
RET ENEHNERAEGRTFIE LR E, £ BLASTP x84 /N
EFHE#THR, KF e EANT 1.0*10° W ELFIRE G F7|. #iX HMMER 5
Pfam K38 B XY BT R & & A 5 B IR 1 & B AT AT, UHREANF I A4/ E
MWy 2y 38 (Prakasheral., 2017), ff & &8 2 EM BTN E B /775, #
#3E4E % F BlastKOALA (http://www.kegg. jp/blastkoala/) E#ATHIF. &5, &
B T By AR aA B o B AT I 2 £ R A2 ATR 1 B B HE FPKM B 34<1 B9 &, 75 2 T
Mo W & N W E & M K EH . # A Omicshare = F &
(https://www.omicshare.com/) # 4T F AE (GO) 447,
1.4 RT-qPCR 4-#7

WAEFIAE TR AR G 8 AN FH BN REREMLE, RER
BLBAL B B S B e A i B, A WP Y k2 BT 25°CH 35°CIA TR
FEF, EREFAMEE 5. 10 15d oA RERFHE, 2HREFF. +
FRgEE, REFAFEE, BRI TRIzol® (Invitrogen, California, USA) Y
{8 3 B 42 B4 4 i B B B RNA. 2B1HY % RNA /i NanoDrop (Thermo
Scientific, Wil mington, DE) & 4 Xt E it #H AT E . LR EUN & RNA K #

13
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W, 1 PrimeScript™ One Step RT-PCR Kit (Takara, Japan) 1 # 1% 7| & AR 1
WA & WA HAT R % KA B cDNA.

25 ul R+ 1 ng cDNA 1A #EMR . 514 Primer3 v4.1.0 Fn
Primer-Blast Chttp://www.ncbi.nlm.nih.gov/tools/primer-blast/) # it (% 2.1) . A
RT-PCR K 3 7= #y o il J7 kA IE B 2 F 8 77 o A &R E R T
ZELOFMERETIY. AT WIE qPCR 51 B 2, £ 51 qPCR R AL 4 R At
AN 60-95°CHI B i 2. A T B TR E, 2RI 10~100,000 £ #y & 5
MR A AR AT qPCR, It HEREE. REFFEFREIENER, &
BAEWNTI AT ERE KA LN E ., qPCR XA SYBR® Premix Ex TaqTM 11

(TliRNaseH Plus) ( F| & Takara A 8) #1T. MR EEI MBI ES
ST 3 NEAE B AT, LAIRE RIAHY 18SIRNA fE A WA & T, v #4A
B mRNA R R & 53 RAH#AT IR, AH 222 %% mRNA RZAFHATEE
4 #7  (Livak and Schmittgen, 2001) . % it % % #7 #|l Al GraphPad Prism 6

(http://www.graphpad.com) #{T,

%21 REFRTIW
Table 2.1 Primers used in this chapter

5| 4 4 #% BHRFF (5-3") R#&
qpphspal-1f ATCCACCCGTATCCCCAAGA  #F 4 #¥EH =& PCR B
gpphspal-1r CGTCGAGAAGCAGGAGATCC 1
gpphspal-2f TGAGAACAGCAGCAGAACGT
gpphspal-2r GGTTCAAGAGTGGAGCGGAA
gppcryab-4f GCAGTTCAAACCCGAGGAGA
gppcryab-4r ATGACATACCTGCGCACGAA
gppptenf GACCCACCAGCAACCGATTA
gppptenr CCTGCTGTGGTCTAAGAGCC
gppPIK3R1 2 3f CTCAGACAGCAGCTCAACGA
gppPIK3R1 2 3r TTGTCGTACCACTGAACCGG
gppaktf GAGGGCTGGCTTTTCAAACG
gppaktr GCTGCCATTTGTTGATCGGG
gpphspal-4f GACACCCAGCTATGTTGCCT PN AR LA EE
qpphspal-4r GGTCGCTCTGGATCTTCTCG  PCR
gpphspal-3f GCGTGCCAAAGATCGATGTC
gpphspal-3r GTCTGCCAACATCCTGTCGA
gppsod2-f CAACCACAGGCCTGATTCCT
gppsod2-r TGAAACGAGCGCTGACATCT

14
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gppETV6_7f CTACACGCACTACATCGCCT
gppETV6_Tr CAGGATGTTGACGCGGTAGT
gppfoxo3f CCGATCTCATCACTCAGGCC
gppfoxo3r AGTTCTTCCATCCGGCACTG
gppnfkb-f CCTTCTGAGACTTGGGGCTG
gppnfkb-r TGCGCCTCCAGATTCAACTT
gppsodl1-1f GTAACGTTGAGGCTGGCTCT
gppsod1-1r TTGGAGAGTTCATGGCCACC
2 EREWT®

21 FHEEER FWER

FEHE S NENERAPHLERHT 229 M FaHAER (%22) , RiE
X EHEE AR CNEF G RAEEEFNERELS K —MEATEE(E
2.0 o RIBHWEAL/NENEAREF SO HEX EMNFE G R EEXEENE R
M, TN T EEEEN AT RN EGRTE (K22 . REXLEEEY
FlEM 5 51 FAER A& FE b W, BN 10T 5% e NEw
ZaEH %, ZHEAMK (Gene Ontology, GO) kB LERFT 4 74
MEE. He, BEHRANERRS, B8 8 MNER., HAERMERE,
B4 46 NEE. WA, B 16 MNEEEREZEFERE (HXID .

BAEE T RNA-seq Z B E (B 2.2) T[40, T 094 80 4 /N & 4 A %
ERERGEFRERS, PEERERE T RERE. XLFoMALEERE
PHEREFN S EAK. KRB R E S AT, B b3 A 7 7 R R A B
EEFAFTEGHRER AR R, RESQMABEERREER o 4 ZF KA,
EARATNEBREMNERA LSRN HEEFT R ETENET+, ¥itik
FATrREERHNER,
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Figure 2.1 Putative signaling pathways and regulators/mediators/effectors
for P. puparum longevity regulation.

E: RRKTRELRT s 550 HENER, DR TEREN T ERXTENARETH
frETEE. AAFRETENNRR. FHEILATWI LTI, mHFaI LN EL
KN E . This schematic map compiled regulators, mediators, and effectors that were reported to
be involved in longevity regulation in multiple species. We used four different colored backgrounds
to indicate which signaling pathway they roughly belong to. Multiple pathways may converge on
some key regulators. We use lines to show their relationships. Red line with a stop sign means
inhibition, while blue line with an arrow means activation.

2.1.1 IIS-PI3K/Akt 12 58 %

i & % (Insulin) £ 5 FAER . g fiAn& g i R # (Nassel and Vanden
Broeck, 2016). IIS (Insulin/IGF-1 signaling pathway) 75 A Kt 4. Z A %
% F (Mazucantietal.,2015) . ¥ &/NEFFBES T RER S FEZHUnR) .
M &SRR 1 (IRS-1) FofE 5 ZA£ K (Insulin-like peptide, ILP) #J [ JF % A

(%22) . M TREFHN8AMFEEFHIK (AILP) , %k e/ N EF R BE
1A~ i e NEFRAERSREZFEKET 1 (IGF-1) . ILP 7 IGF-1 §
InR (— B AR %I Z ) &4, /5 IRS-1 F BB UBIRE. Bige N
Wk B & XA JR4 1 (PpIRS-1) 5 R #8 % & Chico FlJR. Chico Hy & A & K™
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WK 2 i S N AR PR S 5 A

FERERAR P REE P AFE LK 48%, FIREFIELK 36% (Clancy et al., 2001),
PpILP ¥ mRNA FAKFAMAEHAETNE, A4+ HEEFEH. XEH
PpILP % 57 & 54 i Bl i £ KW T 142 . PpInR B3 F AR e #ie T
YEBEEN B, XTREKE PplnR EFABWREL T LB RERA.
PpIRS-1 T4 X 8 W B Rk AK-FAE A A8 2, % & i FPKM B 241 53 (F 2.2)
P, MM AL/ IS BhREF B 58 SR 4 R A R BUR A KRR
A Ko

ERE e/ NEFEREE T —4 IS T PIBK-Akt 5 FHMERH, @ 2
NPBK., 14 dkt. WA wdb. 14~ FOXO. 1/ FOXA2. 14 PTEN %1 1 4> 14-
3-3g (% 2.2) o Akt 7 LU 1T PI3K 4R Bt 1 A JE 4K #i i B9 AL & 4 807E  (Mahajan et
al,2010), CEIMMF HAEATIERATHREFRRE, W2 E5RARA K. N
R Fn % % (Moskalev et al., 2014), Akt & —A PH 4 #3, © 5 PIP3 =
PIP2 %5, HER¥+, ILPs 5 InR % &, #7& PI3Ks. # InR #7& /5, PI3Ks ¥
PIP2 BB {4 4 PIP3, AT #uE 3-8 BL AL H R #i 1 %Bg 1 (PDK1) , /5 X @
B Akt & B B9 7 28R (Thr308) f1 22 & BR (Serd73 ) 7% 3 K i iE Akt (Moskalev
et al., 2014), wdb & —4 Ser/Thr B F; B PP2A T L&, 7 4 i Kk wdb
] {# Akt % E H K &4 (Funakoshi ef al., 2011). PTEN 2 — B £ 5% 55 B4 B,
WM AV 2 BIEAIHE L, CaAE— MK —AMELE, A TR TR
JRAI R F BB AL ¢ 3 T PIP3 £ 882 b o PIP2 5k 1 14 7 PI3K/Akt # ¥ (Shi
et al.,2014),

PpFOXO 72 £ 48 & e B JE 2 FH dFOXO T4 % 2 A1 Akt T & & v < 5
# X T . dFOXO &€ LR %% F & K (Giannakou et al., 2004; Nielsen et
al.,,2008), X k& (FOX) RigH£F—IMRFH DNA £ 68, 7 4N FOXA &
FOXS (Lam et al.,2013). PpFOXA2 ¥y R 4% B JE £ H FKH & 8% i 3 % 1 < it
HEHTF. FKH 5 Akt 72 TOR BB LR, EREW P L EFHLELT 18%
(Bolukbasi et al., 2017), # T X e [ J5 2 K 04 o 6, 72 45 48 & /N i & 2 B PIBK-
Akt BB EA N LRERER, S5FEBNER. BF. £k EG
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Figure 2.2 Expression profiles of P. puparum putative lifespan - related
genes in different development stages.

E: fl FPKM BT~ Fa A LHNRkE AT, DREANERER TN ERE T, £
F # mRNA ACF £ & loga (FPKM+ 1) Bl & EANEKTR, ABEHEEMSEREFNES

(0) 2l22¢ (=100 o B: ARfE; L: #js; FP: MEMEM; MP: IE8; FA: MEME R =
MA: 1§ i . The expression levels of all putative lifespan-related genes, as represented by
FPKM values, are shown in the gradient heat map from light pink to red. Panel B-I. The mRNA
levels of the putative signaling genes are represented by log2(FPKM+1) values and rounded. The
processed values are shown in the gradient heat map from blue (0) to red (>10). E: embryo; L: larva;
FP: female pupa; MP: male pupa; FA: female adult; MA: male adult.
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2.1.2 MAPK/ERK 1z 51 %

e/ NEH MAPK M XEFE T ESE T MR A, % M08 T o £ 77 % 4
HiitA2. &4 R4 MAPK/ERK 44 E# o/ NEFHEERT 1 MRER,
ERESHSHB Y, WIEH Ras ¥5 Raf %88, M55 MEK % B8 #) 85 52 1L Fo
W&, #ME ERK. Raf #1 ERK & 22 8B/ 78 28R 4 £ £ & 5% #%, MEK & %
AL/ B BB/ 7 A B M . Raf ¥{FE 2 81 A-Raf. B-Raf fr C-Raf X = # £ & B/ 7
AMFREEOMBERNEE, CNEE#THEREEEAF X (Roskoski,
2010), 5 H R4 FJE& & —#, PpRaf B T B-Raf (8, & 20 MR HEFHH +,
A% A 2 D. citri *F # dRaf [7]JF 2 [F 2 " — ¥ A-Raf. & R % Trichogramma
pretiosum ¥ 3 R4 Raf FlJEK, & B LA A/NE Dendroctonus ponderosae
FAH 2 Ao D.ocitri ¥HAAN MEK, EME 2FH A EHB/NE Ceratosolen
solmsi F13& F AP Aedes aegypti #7 2 /> ERK, HtE 2+ 4H 1 I, ERK 1E%
AHGEERBNELATEEATENEEIR, WSS MEFEY (Slack,
2017).

2.1.3 AMPK fz 58 %

AMPK #ZFafZER B NG T2 — M EEZWT R (H2.1) . AMPK 7 LR
HHAEKEET BN, W FOXO. TOR. B R p53. sirtuin 1 (SIRTI)
F1 cAMP i ¥ # FBx A% 7E T-1 (CRTC-1) (Salminen and Kaarniranta, 2012).
A/ NEFERET 26 M AMPK 2R X ERAME S, 4F 3 4
AMPK T # . 2 /> PKA. 1 4> NF-«xB. 5/ Dorsal. 5 MEHBRIFLE (AC) .
24~ p53 & B . 1/ Sestrin, 1/ Lkbl, 14 CRTC-1 f2 1 4> cAMP R i G H 4
&#%&78 (CREB) (%22) . #illE%RFE L/ % AMPK # B8 F RIAWERS 5
T ERWARESHER . NF-B £ PL# R AL B %A 40 B T 09 5 — AR 4,
v E B 4% 5 T PI3K/Akt 71 MAPK % £ 515 53 B, & 47255 2R ¥ LS (A
X IR R B T KR A i AR o NF-B T RE 18 1F 3 4 % 3 R B o7 RAE R
#E K A 41 % 4 (Chirumbolo, 2012). PpNF-kB 5 & 48 Relish 8. # A~ PpREL £
7 SNF SR ¥ NF-xB (Dorsal #7 Dif) 89 E IR, 884 /NEH 6 A NF-«B
TR THE % fm L2,
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214 EEH

IR B AERE (ATG) LI (Vellai, 2009), B 4 4 /N o 4L
EBA 25 A ATG £1H (% 22) , XEATG ZEEH S 5FRNEWE %L
B, EHEEBNES. X, AEBS. SRR T AGRS L4 EEHETEF
RIEMER . B 23 #1127 ATGs By — 2 4E A (Hansen, 2016). AMPK #2 TOR i#
W HH I M ATGI 9 Bl JE 2 H ULK k8% B " (Chan,2012). R4 & ATG
EFEZFEE P (Hashimoto ef al., 2009), 5 58 4 /N HY ATG 7 % 4
ERwRE —EER., RIE ATGS FIRHE H (PpGABARAP F1 PpMAPILC) F£ 4
ABMBMERE KK AT E T H M ATG £1FH, &&#H FPKM 4 692,
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Figure 2.3 Overview of macroautophagy process and PpATGs.
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215 NHIE FRFFEXERE

TR TR SR A P& XEE AT mA R HARBEEE LA
WA BT ER ., LB EEER (HDAC # sirtuins) AR E M1z F 4o
B, fEd b /N ERE T 34 Cu-Zn BAMWE AT (CuZnSOD) . 1 4
Fe-Mn # £ # (B8 (FeMnSOD) . 14~ CAT #2 2 > GPX (% 2.2) . X &4
Sk R BR R EE T B o R T BE BRIP4 I X AL R A IR

EHEe /N NEEHE P, BLEERFET 24 MR EE G HSP, P F A
sHSP (PpCRYABI-8) . [ B EE2| T 4 N & & £ LB LH PpHDAC 1 6 4>
NADHR #i & Z Bt /. B8 PpSirtuin (PpSIRTI, 2, 4 2| 7) . AL HEth 4y, B
B R P 5 M osirtuin & E, &FEAF 4, NRFAKXE 7 (Giblin et al,
2014), FAEBEFLILHABELERS, BN EEH N E P HFEL EME M
7 8 H % . HDAC fF il T HSP £ F By 4 . Sirtuins &£ — KX NMHEA KT & E
RFE) = LB LEE S (Bitto et al., 2015), & T III 2 HDAC, 8% & f 48 1L A2,
45 R A3 % (Grabowska et al.,2017). SIRTI & #45 dSir2 ¢ EJBEEH, "5
CR #NHF US55, vl & FOXO. p53 F1 NF-xB /£ W JLA 5K H F &
7R A2 (Haigis & Sinclair, 20100 , #% 1A 4 5 DNA B4 . #1 KIEMH
FHH %, SIRT6 e % H 41 DNA # 2 % DNA 148 A6 F . i £ kik SIRT6
UL KN R o SIRT6 %% 3 /D R I W IGF-1 & 38 K &
(Kanfi et al., 2012), SIRT7 ¥ g2 —MEHEH, £ 2 AKBEF &KL (Roth
and Chen, 2014). SIRT7 16 T DNA Wi 26 & £ FHH 7 E U4 #
(Vazquezetal.,2016). % 540 5 #0489 2 [F #9 FPKM B & 0.2~2726 Z |8, i
BT HEEaHEAER,
2.1.6 R#IEFRFHEXERE

ERTRE LR F oy ZFaH X LR T 8 X4E 28 S, TOR ## AMPK %
BH# AR, LT HERERE. BRAM. AALFEETHREH A
BERfemER (k22 . XATERRSHER, ERRe/  EXFET TR
B2 T JHZZMR (PpUSP) | 2 A JH # %8 (JHAMT) . 2 4 JH 3R &K B
(JHEH) #nit J BF % & (PpEcR) . JHAMT £ —# JH-III 4 & B, ¥ #0E JH.
JHEH &1k JH AL 4 69 K #f (Niwa et al., 2008), & 4 s fn— 2 B & B 5 3¢
&, MEF U5 %4 H % (Russell and Kahn, 2007). &3 F 7 fb = E o £ g &
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BE, BEHE (ecdysteroid) R4 #E (JH) , CAIHIA SR EFGH X
(Toivonen and Partridge, 2009), JH 1E il T R4 A0 L B =0y F & H1E, LR F &
5 &7 71 2 [E B9 F# % % (Flatt and Kawecki, 2007; Yamamoto et al., 2013). /& JH
AU FmELE R REWKARBLOHBEL A4, HWHARMKIHZUEK S
4, HJH A IS Z |8 fF £ Bk % (Tatar et al., 2001),

Bt % Bl % 4K PpEcR o %5 F B2 H dECR 4 —# 5 USP MK £ %
& (Schwedes and Carney, 2012). Ecdysone £ B & £ Z 8 i & 20-7 £ 8 5 B
(20E) W92 % . 5 JH AL, ecdysone fLlF 7 1IS T % 1 5 # 4 48 % B9 o &
(Tu et al., 2005), FH AL ¥ g8 &2 & T T AZ R AR 8# FAF (Russell and
Kahn, 2007). EcR & R E AR F 4 N 20%IEK 2| 50%, H H F & £ 7
MR A T E A E E R LA R R AR BT A w1 R I X A R, Bk
K = FF R B e HK A A7 #E 5%  (Simon et al., 2003).
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X 22 BIFe N FaEAEENERE ID fE

Table 2.2 Gene ID and annotation of P. puparum lifespan-related genes

= 35k g X 4 #HR B 214 XHEE¥ SEHEXR
KL TCE W]
IIS-PI3K/Akt signaling pathway
PPUO1146-RA  PpILP Insulin INS (Bai et al, 2012;
Broughton et al., 2008)
PPU07299-RA  PpInR-1 Insulin receptor InR Anti (Tatar et al., 2001)
PPU00285-RA  PpInR-2 Insulin-like peptide receptor
PPU08276-RA  PpIRS-1 Insulin receptor substrate 1 IRS-1 Anti (Clancy et al., 2001)
PPU11776-RA  PpHCF1 Host cell factor HCF1 Anti (Li et al., 2008)
PPU04680-RA  PpSMEK Protein phosphatase 4 regulatory subunit 3 SMEK Pro (Samuelson et al., 2007)
PPU14715-RA  PpAkt RAC serine/threonine-protein kinase Akt Pro (Biteau et al., 2010)
PPU02657-RA  PpPDKI1 3-phosphoinositide dependent protein kinase-1 PDK1 Anti (Paradis et al., 1999)
PPU00499-RA  PpPI3K92E Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit PI3K Pro (Biteau et al., 2010)
alpha/beta/delta
PPU14545-RA  Ppwdb 1 Serine/threonine-protein phosphatase 2A regulatory subunit B wdb Pro (Funakoshi et al., 2011)
PPUO1704-RA  Ppwdb 2
PPUO5718-RA  PpPTEN Phosphatidylinositol-3,4,5-trisphosphate 3-phosphatase and dual- PTEN Pro (Demontis and Perrimon,
specificity protein phosphatase PTEN 2010)
PPU13406-RA  PpFOXO 1 Forkhead box protein O FOXO Pro (Hwangbo et al., 2004)
PPU10813-RA  PpFOXO 2
PPUO5162-RA  PpFOXA2 Forkhead box protein A2 FOXA2 Pro (Bolukbasi et al., 2017)
PPU02803-RA  Ppp38 P38 MAP kinase p38 Pro (Vrailas-Mortimer et al.,
2011
PPU15278-RA  Ppl4-3-3¢ 14-3-3 protein epsilon 14-3-3¢ Anti (Nie)lsen et al.,2008)
PPU02576-RA  Ppl14-3-3( 14-3-3 protein zeta 14-3-3¢ Pro (Li et al., 2007)
PPU11704-RA PpRNASEK Ribonuclease kappa RNASEK Pro (McCormick et al., 2012)
PPU07542-RA  PpTCERGI1 Transcription elongation regulator 1 TCERGI1 Pro (Ghazi et al., 2009)
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PPUO4213-RA  PpTGFBRI1 TGF-beta receptor type-1 Anti (Bai et al., 2013)

MAPK/ERK

PPU04462-RA  PpINK C-Jun N-terminal kinase INK Pro (Biteau et al., 2010)

PPU10958-RA  PpRas GTPase K-Ras Ras (Slack et al., 2015)

PPU16623-RA  PpMEK Mitogen-activated protein kinase kinase 1 MEK Pro (Okuyama et al., 2010)

PPU05765-RA  PpERK Mitogen-activated protein kinase 1/3 ERK (Slack et al., 2015)

PPUO1990-RA  PpAop ETS translocation variant 6/7 Aop

PPU09895-RA  PpRaf B-Raf proto-oncogene serine/threonine-protein kinase Raf

PPU13999-RA  PpLnk SH2B adapter protein 2 Anti (Song et al., 2010)

PPUO7049-RA  PpATF2 Cyclic AMP-dependent transcription factor ATF-2 ATF2 undirectly (Waas et al., 2001)
related

TOR signaling pathway

PPU04166-RA  PpEIF4E-1 Translation initiation factor 4E EIF4E Anti (Pan et al., 2007)

PPU13693-RA  PpEIF4E-2

PPU04123-RA  PpEIF4E-3

PPU00322-RA  Pp4E-BP Eukaryotic translation initiation factor 4E binding protein 4E-BP Pro (Zid et al., 2009)

PPU11457-RA PpTOR Serine/threonine-protein kinase mtor mTOR Anti (Kapahi et al., 2004)

PPUO03798-RA  PpRaptor Regulatory associated protein of mtor Raptor

PPU06343-RA  PpPRAS40 Proline-rich Akt substrate 1 PRAS40

PPU16116-RA  PpmLSTS8-1 Target of rapamycin complex subunit LSTS8 mLSTS8

PPU10534-RA  PpmLST8-2

PPU12236-RA  PpmLST8-3

PPU15964-RA  PpS6KB-1 Ribosomal protein S6 kinase beta S6K Anti (Kapahi et al., 2004)

PPUO05285-RA  PpS6KB-2

PPUO05284-RA  PpS6KB-3

PPU10327-RA  PpS6KB-4

PPUO6188-RA  PpTSCl1 Tuberous sclerosis 1 TSCl1 Pro (Kapahi et al., 2004)
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PPU08526-RA  PpTSC2-1 Tuberous sclerosis 2 TSC2 Pro (Kapahi et al., 2004)
PPU00208-RA  PpTSC2-2

PPUO00209-RA  PpTSC2-3

PPU03684-RA  PpRheb Ras homolog enriched in brain Rheb Anti (Honjoh et al., 2009)
AMPK signaling pathway

PPUO0059-RA  PpPRKAA 5'-AMP-activated protein kinase, catalytic alpha subunit AMPK Pro (Ulgherait et al., 2014)
PPU10800-RA  PpPRKAB 5'-AMP-activated protein kinase, regulatory beta subunit AMPK Pro (Ha et al., 2006)
PPU02727-RA  PpPRKAG 5'-AMP-activated protein kinase, regulatory gamma subunit AMPK Pro (Téth et al., 2008)
PPUO06179-RA  PpNFKBI1 Nuclear factor NF-kappa-B p105 subunit NF-«xB Pro (Jurk et al., 2014)
PPU09281-RA  PpLkbl Serine/threonine-protein kinase 11 Lkb1 Pro (Funakoshi et al., 2011)
PPU12340-RA  PpPKA-1 Protein kinase A PKA Pro (Tong et al., 2007)
PPUO7580-RA  PpPKA-2

PPUO03651-RA  PpNFKB3-1 C-Rel proto-oncogene protein NF-xB unclear (Beg et al., 1995)
PPU14444-RA  PpNFKB3-2

PPU14463-RA  PpNFKB3-3

PPUO3121-RA  PpNFKB3-4

PPUO08282-RA  PpNFKB3-5

PPU07824-RA  PpAC2 Adenylate cyclase 2 AC

PPU11296-RA  PpAC3 Adenylate cyclase 3 AC

PPU10905-RA  PpACS8 Adenylate cyclase 8 AC

PPU11536-RA  PpAC9 Adenylate cyclase 9 AC

PPUO06056-RA  PpCiyrl Adenylate cyclase 2 AC (Tong et al., 2007)
PPU02268-RA  Ppp53-1 Cellular tumor antigen p53 isoform X1 pS3 Anti (Bauer et al., 2007)
PPU12298-RA  Ppp53-2

PPU13750-RA  PpSestrin Sestrin-3 Sestrin Pro (Yang et al., 2013)
PPU11611-RA  PpCREB Cyclic AMP-responsive element-binding protein 3 CREB (Rudolph et al., 1998)
PPU13552-RA  PpCRTC-1 CREB-regulated transcription coactivator 1 CRTC-1 Anti (Mair et al., 2011)
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PPUO8093-RA  PpATF4 Cyclic AMP-dependent transcription factor ATF-4 CREB

PPUO03775-RA  PpADIPOR Adiponectin receptor ADIPOR

PPU04412-RA  PpEHMT Euchromatic histone-lysine N-methyltransferase EHMT

PPU09133-RA  PpPGC-1 Peroxisome proliferator-activated receptor gamma coactivator- PGC-1 Pro (Rera et al., 2011)
related protein 1

Autophagy

PPU05400-RA  PpULK Serine/threonine-protein kinase ULK2 ULK Pro (Ulgherait et al., 2014)

PPUO5S135-RA  PpATG2 Autophagy-related protein 2 ATG2 Pro (Simonsen ef al., 2008)

PPU04374-RA  PpATG3 Ubiquitin-like-conjugating enzyme ATG3 ATG3 Pro (Téth et al., 2008)

PPU14597-RA  PpATG4 Cysteine protease ATG4 ATG4 Pro (Hashimoto ef al., 2009)

PPU04431-RA  PpATGS Autophagy-related protein 5 ATGS Pro (Pyo et al., 2013)

PPU12802-RA  PpATG6 Beclin Beclin-1 Pro (M'Angale and Staveley,

2016

PPUO02491-RA  PpATG7 Ubiquitin-like modifier-activating enzyme ATG7 ATG7 Pro (Julzész et al.,2007)

PPUO5508-RA  PpATGS8a GABA(A) receptor-associated protein GABARAP Pro (Simonsen ef al., 2007a)

PPU07497-RA  PpATGS8b Microtubule-associated protein 1 light chain MAPILC Pro

PPU12140-RA  PpATGY-1 Autophagy-related protein 9 ATG9 Pro (Toth et al., 2008)

PPUO05842-RA  PpATG9-2

PPU02365-RA  PpATG9-3

PPU12664-RA  PpATGI10 Ubiquitin-like-conjugating enzyme ATG10 ATGI10L (Matecic et al., 2010)

PPU10539-RA  PpATGI12 Ubiquitin-like protein ATG12 ATGI12 Pro (Mai et al., 2012)

PPU04252-RA  PpATG13 Autophagy-related protein 13 ATGI3 (Matecic et al., 2010)

PPUO5117-RA  PpATGI14L Beclin 1-associated autophagy-related key regulator ATG14L

PPU10657-RA  PpATGI16L1 Autophagy-related protein 16-1 ATGI6L1

PPUO06071-RA  PpFIP200-1 RB1-inducible coiled-coil protein 1 FIP200 (Tang et al., 2008)

PPUO7715-RA  PpFIP200-2

PPU12583-RA  PpATGI18a Autophagy-related protein 18 ATGI18 (Laschober et al., 2010)

PPUO7359-RA  PpATG18b WD repeat domain phosphoinositide-interacting protein 3 ATGI18 (Toth et al., 2008)

27



WL RS 2R S

O B R /NI AT A AT S IR 1) S E S 0T

PPU12417-RA  PpEPG5 Ectopic P-Granules Autophagy Protein 5 EPG5

PPU15090-RA  PpVpsl5 Phosphoinositide-3-kinase, regulatory subunit 4 Vpsl5

PPU17080-RA  PpVps34 Phosphatidylinositol 3-kinase Vps34 (Smith et al., 2008)
PPUO1680-RA  PpATG101 Autophagy-related protein 101 ATGI101 Pro (Guo et al., 2019)
Stress Resistance

PPUO4128-RA  PpCRYAB-1 Protein lethal (2) essential for life HSPs (Hsu et al., 2003)
PPU04129-RA  PpCRYAB-2

PPU04130-RA  PpCRYAB-3

PPU0O4131-RA PpCRYAB-4

PPU0O4132-RA  PpCRYAB-5

PPU0O4133-RA  PpCRYAB-6

PPU15439-RA  PpCRYAB-7

PPU10133-RA  PpCRYAB-8

PPU09172-RA  PpHDACI Histone deacetylase 1/2 HDAC:s (Rogina et al., 2002)
PPU03371-RA  PpHDAC3 Histone deacetylase 3

PPUO8145-RA  PpHDAC4 Histone deacetylase 4/5

PPU04851-RA  PpHDAC6 Histone deacetylase 6

PPU12453-RA  PpHSP110 Heat shock 70 kDa protein 4L HSPs

PPU05744-RA  PpHSPA1ls-1 Heat shock 70 kDa protein cognate 4

PPUO3831-RA  PpHSPAIls-5

PPU09869-RA  PpHSPAls-2 Heat shock protein 68 (Biteau et al., 2010)
PPU09871-RA  PpHSPA1s-3

PPU04479-RA  PpHSPAls-4

PPU09930-RA  PpHSPAS Heat shock 70 kDa protein cognate 3

PPU16234-RA  PpgroEL 60 kDa heat shock protein, mitochondrial

PPU16233-RA  PpHSP10 10 kDa heat shock protein, mitochondrial

PPU13369-RA  PpHSP70-3 Heat shock 70 kDa protein cognate 5

PPU06211-RA  PpHSP75 Heat shock protein 75 kDa, mitochondrial
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PPU00804-RA
PPU11712-RA
PPUO1735-RA
PPU12454-RA

PPU13369-RA
PPU04710-RA
PPU13433-RA
PPUO08377-RA
PPUO08376-RA
PPU06431-RA
PPUO0O8194-RA

PPU04683-RA
PPU04356-RA
PPU06557-RA
PPUO5088-RA

PPUO05089-RA
PPU13728-RA
PPU11183-RA
PPU15351-RA
PPUO05545-RA
PPUO03042-RA
PPU00054-RA
PPUO03180-RA
PPUO8165-RA
PPUO00508-RA
PPU02280-RA
PPU02277-RA
PPU10964-RA

PpHSP90-1
PpHSP90-2
PpHSPADb
PpClpB
PpDnak
PpCAT
PpSODI1-1
PpSOD1-2
PpSOD1-3
PpSOD1-4
PpSOD2

PpHSF1
PpHSF4
PpHSBP1
PpGPX4-1
PpGPX4-2
PpSIRT1
PpSIRT2
PpSIRT4
PpSIRTS
PpSIRT6
PpSIRT7
PpPrdx1
Pppark
Ppposh
PARP-1
PARP-2
PpMrp4-1

Heat shock protein 83

Heat shock protein 83

Major heat shock 70 kDa protein Ab
Caseinolytic peptidase B protein homolog

Molecular chaperone
Catalase
Superoxide dismutase, Cu-Zn family

Superoxide dismutase, Fe-Mn family
Heat shock transcription factor 1

Heat shock transcription factor, X-linked member 4

Heat shock factor-binding protein 1

Phospholipid-hydroperoxide glutathione peroxidase

NAD-dependent deacetylase sirtuin 1
NAD-dependent deacetylase sirtuin 2
NAD-dependent deacetylase sirtuin 4
NAD-dependent deacetylase sirtuin 5
Mono-ADP-ribosyltransferase sirtuin 6
NAD-dependent deacetylase sirtuin 7
Peroxiredoxin 1

E3 ubiquitin-protein ligase parkin

E3 ubiquitin-protein ligase SH3RF1
Poly [ADP-ribose] polymerase

Poly [ADP-ribose] polymerase
Multidrug resistance-associated protein 4

HSPs
HSPs
CAT

SODs

SODs
HSF1

GPX

SIRT1

PRDX1

Pro

Pro

Anti

Pro
Pro
Pro

Pro
Pro
Pro
Pro
Pro
Pro
Pro
Pro

(Orr and Sohal, 1994)
(Orr and Sohal, 1994)

(Orr and Sohal, 1994)

(Ran et al., 2007)

(Rogina et al., 2002)
(Hoffmann ef al., 2013)
(Wood et al., 2018)

(Kanfi et al., 2012)
(Vakhrusheva et al., 2008)
(Lee et al., 2009)

(Rana et al., 2013)
(Mangerich et al., 2010)

(Huang et al., 2014)
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PPU12675-RA
PPU03220-RA
PPU10960-RA
PPUO03221-RA
PPU13858-RA
PPU07198-RA
PPUO1693-RA
PPU12709-RA
PPU12823-RA
PPU04976-RA
PPU05620-RA
PPUO05100-RA
PPUO5101-RA
PPUO05102-RA
PPU07069-RA
PPU10855-RA
PPU10858-RA
PPUO03981-RA
PPU07061-RA
PPUO03834-RA
PPU07176-RA
PPU13926-RA
PPU02599-RA
PPU07179-RA
PPU0O7178-RA
PPU09994-RA
PPU09995-RA

PpMrp4-2
PpMrp4-3
PpMrp4-4
PpMrp4-5
PpMrp4-6
PpPrx5
PpTrxT-1
PpTrxT-2
Ppth
PpGclc
PpGcelm
Ppxdh-1
Ppxdh-2
Ppxdh-3
Ppxdh-4
Ppxdh-5
Ppxdh-6
Ppazot-1
Ppazot-2
Ppazot-3
PpPcmt-1
PpPcmt-2
PpPcmt-3
PpPcmt-4
PpPcmt-5
PpSdhA-1
PpSdhA-2

Peroxiredoxin-5, mitochondrial

Thioredoxin, mitochondrial

Thioredoxin, mitochondrial

Frataxin homolog, mitochondrial
Glutamate--cysteine ligase catalytic subunit
Glutamate--cysteine ligase regulatory subunit
Xanthine dehydrogenase

Calmodulin

Protein-L-isoaspartate(D-aspartate) O-methyltransferase

Succinate dehydrogenase [ubiquinone] flavoprotein subunit,
mitochondrial

Pro
Pro
Pro
Pro
Pro
Pro
Pro

Pro
Pro
Pro
Pro
Pro
Pro
Pro
Pro
Anti

(Radyuk et al., 2009)

(Umeda-Kameyama et al.,
2007)

(Runko et al., 2008)
(Dalton et al., 2000)

(Simonsen ef al., 2007b)

(Merino et al., 2015)

(Chavous et al., 2001)

(McCormick et al., 2015)
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PPU02206-RA  PpSdhB-1 Succinate dehydrogenase [ubiquinone] iron-sulfur subunit, Pro (Walker et al., 2006)

PPU08349-RA  PpSdhB-2 mitochondrial

PPU07649-RA  PpSdhC Succinate dehydrogenase cytochrome b560 subunit, Pro (Tsuda et al., 2007)
mitochondrial

Metabolism genes
PPUOOS81-RA  PpFAR-1 Fatty acyl-CoA reductase Pro (Paik et al., 2012)
PPU03565-RA  PpFAR-2
PPU03566-RA  PpFAR-3
PPU03567-RA  PpFAR-4
PPUO03568-RA  PpFAR-5
PPU03569-RA  PpFAR-6
PPU03649-RA  PpFAR-7
PPU03650-RA  PpFAR-8
PPUO7683-RA  PpFAR-9
PPU15731-RA  PpFAR-10
PPU03661-RA  PpFAR-11
PPU03662-RA  PpFAR-12
PPUO03663-RA  PpFAR-13
PPU07680-RA  PpFAR-14
PPU0O7681-RA  PpFAR-15
PPU07682-RA  PpFAR-16
PPU13211-RA  PpFAR-17
PPU13212-RA  PpFAR-18
PPU13213-RA  PpFAR-19
PPU16285-RA  PpFAR-20
PPUO1346-RA  PpNaam-1 Nicotinamidase Pro (Balan ef al., 2008)
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PPUO5710-RA
PPUO03769-RA
PPUO8515-RA
PPU07630-RA
PPU14818-RA
PPU14833-RA
PPU13254-RA
PPU16549-RA
PPU16710-RA
PPUO02531-RA
PPU10594-RA
PPUO03672-RA
PPU10709-RA
PPUO0O3832-RA
PPU09234-RA
PPUO3176-RA
PPU06147-RA
PPU06149-RA
PPU07489-RA
PPU04084-RA
PPU05966-RA
PPUO03934-RA
PPU04342-RA
PPU14600-RA
PPU12867-RA
PPUO3142-RA
PPU16588-RA

PpNaam-2
PpMen-1
PpMen-2
PpG6PD-1
PpG6PD-2
PpG6PD-3
Ppyata
PpVhaSFD
Ppfwd
Ppmagu
PpImpL2
PpinaE
PpDci
Ppfabp
PpJHAMT-1
PpJHAMT-2
PpJHEH-1
PpJHEH-2
PpJhebp29
PpJhl-21-1
PpJhl-21-2
Pptrh
PpEcR
PpUSP
PpCbs
PpMnt
PpAPOD-1

NADP-dependent malic enzyme

Glucose-6-phosphate 1-dehydrogenase

N-terminal kinase-like protein

V-type proton ATPase subunit H
Phosphatidylinositol 4-kinase beta

SPARC-related modular calcium-binding protein 1
Neural/ectodermal development factor IMP-L.2
Sn1-specific diacylglycerol lipase alpha
Enoyl-CoA delta isomerase 2, mitochondrial

Fatty acid-binding protein, muscle

Juvenile hormone acid methyl transferase

Juvenile hormone acid methyl transferase

Juvenile hormone epoxide hydrolase

Juvenile hormone epoxide hydrolase

m-AAA protease-interacting protein 1, mitochondrial

Large neutral amino acids transporter small subunit 1

Protein trachealess
Ecdysone receptor
Ultraspiracle

Cystathionine beta-synthase
Max-binding protein MNT
Apolipoprotein D

Pro
Pro

Pro

Pro
Pro
Pro
Pro
Pro
Pro
Pro
Pro

Pro/Anti
Anti

Anti
Anti

Pro
Pro
Pro

(Kim et al., 2015)

(Nobrega-Pereira et al.,
2016)

(Sone et al., 2009)
(Landis et al., 2003)

(Li and Tower, 2009)
(Roed et al., 2018)
(Lin et al., 2014)
(Lee et al., 2012)
(Boord et al., 2004)

(Tricoire et al., 2009)

(Shaposhnikov et al., 2018)
(Loo et al., 2005)
(Ruiz et al., 2011)
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PPU16589-RA  PpAPOD-2

JE: Anti-longevity influence R E L LR ERZEE LRI EEHFFLEK, ZEERALEEWEF®SEE. KZ N A Pro-longevity influence. & H 4 H
Anti-= Pro-tW R R E A WA R R ZREZEH EF G HEMEX, HRAEENTRIEE, H#FELR4%ERHF %D . Anti-longevity influence indicates that the
experimentally reduced expression of the gene resulted in longer lifespan or increased expression of the gene resulted in shorter lifespan. The reverse is Pro-longevity
influence. The absence of longevity influence means that the gene has only been reported to be associated with lifespan regulation, but there is no direct experimental
evidence or the experimental results are controversial.
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2.2 RNA-seq ¥ ¥ # BE

1% 2] RNA-seq M 7 #H B AT H 2 £ H KL E(F FPKM E %) /5, Al PCR
#HAT 7 RNA-seq B F R IE, * qPCR B4 K F1 RNA-seq #(#E 89 FPKM
EHAT T A8 = M2 AT, 48 % 14 B spearman’s 48 % R #H S# R B %0~ (F 2.4),
AT A, BREALEGHE L ERE (R>0.80) , 4 4| & Ppdkt (R=0.89) #n
PpCRYAB-4(R=0.94) , T £ ft 4 MEF N A+ EAH X (REFEEH 0.60~0.79),
FE— L FHE, QPCR ##E/ FPKM EZ A LN Z R, KB 2R HRIET
it & RNA-seq f1 qPCR Z [y A = &, LKA T RNA-seq f2 qPCR By 1 [F] £
oo B R R o XA 2 R AE S RACF AT FRE . 748, RNA-seq 218 th &
F1 qPCR H 77 B B & s #1404 Lo X e 58 R R B, KRB 52 B RNA-seq #7 qPCR
BAE A Z V] S

PpAkt w o PPPI3K21B . PPPTEN

! 0
®
R=0.8857 R=0.7714 R=0.7714
W

s
T ° T
s - H w
5 5
g4 H
o Z 2 -3 =
s £ s £ a s0 X
g “f 3 £ 3 £
: : Hp
: 0 2 :
5 5 = o
g: oz ]

:
T 2 ,su
“0
o 0 Lo
E L FP MP FA MA E L FP MP FA MA

. PpHSPA1s-2
PpCRYAB-4 . » PpHSPATs-1 wo p

600 200
R=0.9428 ® =0.7714 R=0.6571
2500
500 600 1 150
5 K] 2000 T 30
8 3 " 3
© 4o 400 = c
2 S 12 T 1500 S 100
g 30 200 g 1 1000 & %
s 3 &
2 Ea 2 5
& 200 K 50 T
3 0 3 6 ]
-4 4 10
100 4 ¢ o
200
= 2 500
o 0 0 L 50
E L P MP FA MA E L P MP FA MA E L = P FA MA

&l 2.4 f7 i 4 B By # K fu qPCR 4 RAF KRBT
Figure 2.4 Transcript profile and qPCR results of selected genes in RNA-seq
Data.
E: FPKM B HZ & kT, SeERERTEFNAN RLAF. i+H spearman Tk AH
K A%, FA R1MEFRT qPCR 1 RNA-seq & R Z BByt A1k, B: fEfG; L: 45 FP: Mgl
W MP: #EMHE; FA: MEMERE; MA: 8% & . FPKM values are indicated by red lines.

Green bars represent relative expression levels. R value represents the correlations between the
gPCR and RNA-seq results, calculated from spearman’s rank correlation coefficient. E: embryo; L:
larva; FP: female pupa; MP: male pupa; FA: female adult; MA: male adult.

FPKM
FPKM

Relati
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2.3 FBLHXTF A e A A Fu K R A R

FERBANT, AR RZH, BasE, Lk aR TR E (Moskalev
etal., 2014) o R4 & /N R 35 CH B m A1 T A oAl 25 CE TR A
DEMGEE (FH 2.5 . BHit, AFUEEE R#TESRANGAETHER X
BT

Temperature Mean lifespan Log-rank
(°C) (+SEM, days) test
100+

25 21.940.9 p<0.0001

E 35 9.2 +0.04
g
=
(/2]
‘g 50+ P . 25°C
- —= 35°C
o

c 1 1 | 1

0 10 20 30 40

days

& 2.5 25°CHu 35°C 4 T Y W 6 & /NS R K o 2 4
Figure2.5 Lifespans of P. puparum at 25°C and 35°C.

TERTEE 9 NEHEF, 34 HSP R EAAKFARN AT L EWE I, WHEAM
EWE AR R T B4R (B 2.6A-C) . 452 PpCRYAB-4, 53t B4AAH

b, HEAEEMT 10~20 %, XKW, PpCRYAB V] 8¢ 76 v o 4 7 8 #y 3L 42 o
R (HE N
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>
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PpHSPA1s-3 PpHSPA1s-4 PpCRYAB-4

s ° »sC g 8 5 >
H 35°C H H
' c 6 Fl
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2 H 2 15
4 g , 14
Qo o o
3 3 3 10
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PpFOX03 PpNF-kB PpSIRT1
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o ] 5
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£ 4 -
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® 5 &
< S 3
4 2 4

ES & & & ES B RS & ES @ & &

A 2.6 25°CHu 35°C T BT ik 2 [ Wy R XA X
Figure 2.6 Expression patterns of selected genes under 25°C and 35°C
conditions.
H: #MEUAELZHFHELFERZRT, *LR p<0.05, **LIR p<0.01, *** LR
p<0.001 LI} *#**3LIK p<0.0001. Values represent the mean £SEM of three assays. *means

p<0.05 when compared to its corresponding control. **means p<0.01, ***means p<0.001 and
****means p<0.0001.

XTI, PpSODI-1. PpSOD2. PpFOXO. PpAop. PpNF-kB %1 PpSIRTI 1%
kB AE 35°CH B 15T 25°C, @& 2.6 D-H F y ez E 7 41, 5E 2.6 C 4
W, 5 AN i &k 2 R AR BN PpSIRTI B35 8 72 35°CH T M4 1% (& 2.6
D, ZEEAESE 10 RERAAFJLF RA X REW 10%,. ERE, SIRTI #E it
FOXO %% FH ¥ /-5 IIS (Giannakou and Partridge, 2004), T PpFOXO #n
PpSIRTI T 14t T8 R KA KA, ¥ 46180 PpFOXO #1 PpSIRTI 7£ #y
BLE R R # A — WA, eI R 7 A AR B AR AL
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3 N

EAZY, RERTNFHEOEFAEZALE, UARBELYTE
BT a AR AR R WA, BT 5 R B, AR e/ N TN T
229 MNAEGMAXERE. BN T X LEFNRFEHBIF 27T ENHERBEX,
BERTFIHFMEMBNNTEH, ASHEEREEDEERE ., %7E . +7
H. NREMBHFBENT B FRRTH. XLEFE US-PI3K/Akt &2,
TOR &% . MAPK/ERK # % f1 AMPK # & % W Az 5 1@ & A0 B %% . R # R Rr Fo
RUEANEERIBFREFEH. REEWEERT, SH5NBRNNERER
R AN BN Rt e e THAEEFGHATESE LWER BE, WFPHEER
TRMHR S FaBREEANEUERL, EXXA3I MR EaERNRLE
HEFE, 55482 PpSODI-1. PpSOD2 %1 PpSIRTI, VLK %4
B el kS R H T PpFOXO. PpAop #¢ PpNF-xB th Rk B R #E K, X
WHAWEE, AT FHGHEXEHNELE EBETHARAR, URFEGTH
B FRERENEAREE TR HEIEE L,
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FoF RAETHRNGES/NEF o LA REFTNEH

REHIT EENRETEERIE AL ERIE (Jervis et al., 1993), FH X1
MIBER R I AR M & & Fn 78 77 o W K0 3 R e ol o 2 & A 7 ) B 0 L
SLIESE (Heimpel et al., 1997). Hith, & HHERT E XN K3 &8 564 51k
BHRABREENEREE, NATHN G AE MBS HARETTNEEIRA
FEERE L

FABRENERABEEMHE A R F £ LESHESERFE
B A B (Harveyeral ,2012), A L ERMEBWN T E R, AFEER LD
¥R 4, B & $E A0 Z B (Rodriguez-Riafio et al., 2014; Stahl et al., 2012)., 1L %
F, BEEHATHALENE R, AREEWR TR FT ERBERN T —HFE
LB R, BER—MHEGERRLWBEY, coaB8L 18l Y, &
#95% (wiw) B, K405% (wiw) BWEER, 74K, HEEAXEER, i
Y& % (Alvarez-Suarez et al.,2010), 7[5 B E S A 3 A S By 2w 2 T [F 9,
BEA EHEH, WH AEE (Wickers, 2001). 34 8 # 4% & ¥ Cotesia glomerata #
ERRH, UM RABEERALZBEKRTSS, PHEAFEMUAR. BEEER, A
A, AAEAREAR RN F R ERAAKARNTREML, FainT
15 5, AT, SUERB T EARA T 8N Ee, MASHEZRLERT
MR R (Wickers, 2001), H# 5R B, 1B R £ o nyH mlEf 5 &
WEA X, TREKENERS TSN EFamERANATRRENDH, HBRT
[B] b 2 o VR B VB R 4 R MR e LK B ¥, Cotesia ruficrus W1 % 4 o 5 1R KHY
=t RAM, FIREE. BIE. HEE. RAESRORE KRR E G g R
K, BEAFGWERKKRAER. L2078 15%. 10%. 20%H 5%H] 5% & & K
Bf, BRSO KA R ORI I (BN, 2018). EIAE, B, WHEEME
YEALBE B K B R BN Elasmus punctulatus 81 % 4 (B £%,2013), H
20%HYHE EE R AR KT AR, WA RESER AR AEERE 0-70%
(WIV)E 7 B E T 18 B 38 55 & & % Meteorus pulchricornis, 2 & ¥t & 4 3 &
WEBRERE T AL, EEREFENENLT, 30%REABERERN T A
& aEK (Wueral,2008), B F I, BURMERT LR E 200 & a4,
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B % —F XG50, BB R A F B o FALR & AR T R
ReZ ¥, IS A7 TOR. 3T x4 fif & & 5 1 3 A AR X A [ HEAT 3 1% F 4R 1R 10
IS #®4Z, ¥ LLIEK/NE A B A R4 89 %4 (Kenyon,2010), T8 TOR % %& 7]
DUfE SEE = Sh 4 e & 4 FE K (Antikainen et al., 2017). BEEL B v g #E G [F IR Y
(PTEN) %40 AKT 2, Ei k& 1S 28— A @ E#%E HF (Goberdhan
etal.,1999), FOXO = —f % AKT REZM X E T, S 5MBRMN. X%, 4
EKFEEELHARTE, FELHETRBET REXEER Nowak er al,
2018), TSCI Fu TSC2 i@ T # %] TOR #i g By b 3% B 7E 7| Rheb 5 #41 TOR i #
(Long et al., 2005), [ &, M A12L ¥ LLFE A IS ® &8 L % & (Gao and Pan,
2001). b o, Fofb 40 i 18 A2 oy B [ o S A B A EE (SOD) | T A AEE (CAD .
Wk T E G (HSPs) . & A+ LB B (HDACI, 5 %% Rpd3 FJ8)
I EE (ADCY) #2557 £4 % & 09 1= (Beere et al., 2000; Parker ez al., 2004;
Rogina et al., 2002).

BREGH —LEARY AT ARABL T nEG M NENEERR,
R MALIEE TR D o R RMAR T e B An AT X P A3 % AR UR AT K 0 &/ o
VR R, I T RAEA G AR KENERRE. G, EEEL /D
BEREW R e R TFERAAE (Yeeral, 2020)fn £ FH B Ea F (Xiong
etal.,2020), AT T S EERRIXBERNI L) FaMAE AN REER KL TN
KFEFERFGNMEAE., RELABERT FEEFGRAEHAXERNEA,
ARG EENEGEERREENFRET —AHFWITE. B, WARFAL
CHTEENBEAEGRETREXR, UEARKELEFRARA.

1 AR5 %
1.1 AR &
Wime /NEREAILE —F L.
1.2 F&LE
WA NEMETINE TR ERREE T, RAKRNEHERLE
(CAFE) (Ja et al., 2007), B 4E & 4% £ F 9 # 3 =4 (1B100F-3; WPI,

Sarasota, Florida) £ &4, BAHLKE 10 LMo R —4H, FARBEF. K
WER R,
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RET 6 FkEMENEAEERA 4 MK B E I 25 R RE S/
B s, ALEENTEEERARELT. BEAERAKEN 1.25%E] 40%
(Wiv)o ¥ 40 g EAEVE T 100ml £ & T /K F &l ik 40% 8 EEER, AEHEET
A2 W, RKHEE 20%. 10 %, 5%. 2.5%F1 1.25% EAE AR .. FE A
HERBEE, 28 4& 5%, 10%. 20%F1 40% (w/v)HT 4 B8 7 B % B i i
Ro 2MBERAUNETBTFAEHNTENE, 200K —RFEBWHEEEA
RYIRIE, [F 03 e e iR R4 .

1.3 % & % & B 8 RT-qPCR 447

FE AT o SE 0 B ) B XF B AR AT R, R IR E R R AP R, AT
ARTQPCREGHEBHK AR —MATHGLRNF AR, RESIXBELA, 4
FATME12hR (EX A 0D . 2d, 6d. 12d f1 18d. B KELAXRE 54
AR, GNEAREA S KM 2.5%. 10%F1 40% & 4 Bk LR 5%%1 10%
BERRRANTEBHTERRLIHAR, A qPCR AN 15 AEFH o &K ACF
To FritF oAl X EE N & 3.1, & & RNA B FL, cDNA R % X & A0
E{R# qPCR MR % — % 1.4, AZEHAWTIMFFIN% 3.2,

®31 BRASH4MEANERET X
Table 3.1 List of the selected lifespan-related genes which were tested with qPCR

XF 4%k  KEGG BHEEE B34 XNEGWBH
T E

PpHSP110  Longevity regulating pathway HSP Pro

PpHDAC1  Longevity regulating pathway Rpd3 Anti

PpFOXO 1IS pathway; FOXO Pro
Longevity regulating pathway

PpADCY3  Longevity regulating pathway ADCY Anti

PpCYRI1 Longevity regulating pathway ADCY Anti

PpPTEN 1IS pathway; PTEN Pro
Longevity regulating pathway

PpAKT 1IS pathway; Akt Anti
Longevity regulating pathway

PpTSCl1 mTOR pathway; TSC1 Pro
Longevity regulating pathway

PpTSC2-1 mTOR pathway; TSC2 Pro
Longevity regulating pathway

PpTSC2-2 mTOR pathway; TSC2 Pro
Longevity regulating pathway

PpTSC2-3 mTOR pathway; TSC2 Pro
Longevity regulating pathway

PpSODI1-1  Longevity regulating pathway SOD Pro
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PpSOD1-2 Longevity regulating pathway SOD Pro
PpSOD1-3 Longevity regulating pathway SOD Pro
PpSOD2 Longevity regulating pathway SOD Pro

H: BN EES SN A ERERKE KEGG. M EFWERIKEFZHREARREEREAR
J& (HAGR) . Information about the pathways in which each gene is involved comes from KEGG
(https://'www.kegg.jp/kegg/). Putative longevity influence of each gene comes from the Human
Ageing Genomic Resources (HAGR) (Tacutu et al., 2018).

R 3.2 XEFASY

Table 3.2 Primers used in this chapter

5| 41 4 7K BEBRFF (5-3)
PpHSP110_F CGCTCTACAGTTGGCCAAGA
PpHSP110 R GGAGTCTGGTTCAGCTGGAC
PpHDAC1 F AGCTATTCCAGAAGACGGCG
PpHDAC1 R CCTTCTGCCACCTTCACCTT
PpFOXO F CCGATCTCATCACTCAGGCC
PpFOXO R AGTTCTTCCATCCGGCACTG
PpADCY3 F GTGGCAGTTCGACGTCTACA
PpADCY3 R ACTTCGAACTCACCGCTCAG
PpCYRI1 F CCTACATGGCAGCTTGTGGA
PpCYR1 R ACATCATCTCGGCTGCGAAT
PpPTEN F GACCCACCAGCAACCGATTA
PpPTEN R CCTGCTGTGGTCTAAGAGCC
PpAKT F GAGGGCTGGCTTTTCAAACG
PpAKT R GCTGCCATTTGTTGATCGGG
PpTSC1_F ATGACGTCGTTGCAGAGTGT
PpTSCI R CGGTGTGAAGCGCATATTGG
PpTSC2-1 F GTTCCACGAGAGCACAGACA
PpTSC2-1 R GCCTCAGCCCAATGTCTTCT
PpTSC2-2 F ACCAGCCAGCTACTAAACCAG
PpTSC2-2 R GCCTCCTGCGCCATAAAATT
PpTSC2-3 F CCGACATGCTGCCTCAAAAG
PpTSC2-3 R GAATGTCGATGGGTCCGGAA
PpSOD1-1 F GTAACGTTGAGGCTGGCTCT
PpSOD1-1 R TTGGAGAGTTCATGGCCACC
PpSOD1-2 F AGAAGCTTGCCGGGTTATCC
PpSOD1-2 R GCTTTCAGTTCCACCATCGC
PpSOD1-3 F CCGGAAGTGTTAGCGGTCTT
PpSOD1-3 R GCCGTGCTTCACCTTTTCAG
PpSOD2 F CAACCACAGGCCTGATTCCT
PpSOD2 R TGAAACGAGCGCTGACATCT
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ENEEEORUT 2 dRRIMATREFHRNEGHEAEDNRLE
A, #F ChamQ™ SYBR qPCRMaster Mix (Without ROX) (Vazyme Biotech
Co., Ltd) & 7 # 4T qPCR K AL . bL 10 ng cDNA A K , 25 ul K fz & % # 4T gPCR.
MR REABINENELRT oM. BE, RIET BT 0T,
fE4G -~ qPCR K ML EH B4 — 4 60-95 °C Wi & th& . A T # I E,
LL cDNA #J 10 £ 100,000 # % oy # & & 5 ik fF 4 AR # 4T qPCR, FFitHFH K
EE, REFREFPRERIENER, AESGENTIHHTERRL G,
¥ E 44 mRNA Bk kK FEHE 2d Bt BA AT, £KE T 2d &t
B 5 0d By BAFHATHA. LLISsTRNA (BN WA EH . &5 FF 2240 &1t
& A8 % mRNA #& ik A F (Livak and Schmittgen, 2001). 47 3E # | GraphPad Prismé6
for Mac (Chttps://www.graphpad.com) #1T% &,

1.4 ZIA T RAERM R

F T AR R AR VSR (0%, 1.25%, 2.5%, 5%, 10%, 20% 1 40%) #n 5 F#
W E R EER (0%, 5%, 10%,20% F1 40%) 1A"B % £k o dE, RAL
-2 (Q-Q) EHATEAMME, KA Levene's 4 ¥o# 4T 77 2 o 6] i £
B, BE LTI F B IBM SPSS Statistics for Mac (Version 25.0;
https://www.ibm.com/products/spss-statistics ) o 1~ [5] 7 & 8 ¥E V& %t 3 A e 2 4
BRI AT RN TR ESZR RN, XAREEFEHH (ANOVA)
A1 Dunnett’s % & R #H AT % . 4 F 447K Log-rank (Mantel-Cox) #: %, %
A dE 7 ST I B A A7 a4 AR R B B 3K #F GraphPad Prism 6 for mac %, 4%
R 5 A A G WY SR R R AT B M B VA A0 AT AR E . BTR qQPCR B9 7 R R B8R AL
# Z % (DPS) #4174 #r (Tangand Zhang, 2013). % 4 4 % # [ 89 & 35 K F 4 36
KR E & 77 25 A F1 Tukey’s £ B B0 B 9- 4T 947, UL p<0.05 A 2R B F.
RAGERETASMAREENES R I T EFERFGN XL, HE, EA
IBM SPSS Statistics for Mac & f & # E| JF kLU RIAE X £ B ERMHWER A
B MR A TR,
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2 ER G54

2.1 FEREXT MR /N T A R

VBB R AR B R e/ N E S F B E R (E 3.1, £ 3.3).
SxEAGBHEGFE ML, EFFNBERETTFEENAEGHENT (F
30A) o« HFDS%WERKET, B Fa LEEKT 3 FULE GF33.44d,
p<0.05 (E[3.1B) ) . HEAE (E3.1B) Bl — M HE WS, B & EEK
EWEn, FEENEGTK, 4 FHEG. PUEGFREAF AL 4 BT
TR ES (£33) . AW, EEBERERSE 20%L/5, >20%8 5K E 2
BEELANREZR. AR AO%EEG T EETHEGRK, H279d, RAF
& F LA | 50 do

—— ddH,0
1 = 1.25% sucrose
2.5% sucrose
5% sucrose
10% sucrose
~+ 20% sucrose
== 40% sucrose

Percent survival
¢
Lifespan (days)
N
(=]
1

0 20 40 60
Days

o
O

100 —— ddH,0
5% honey
10% honey

~s 20% honey

== 40% honey §

rl

n (days)

50+

Percent survival

Lifes

Y
0 r — T
0 50 100
Days

B 3.1 J A (B O e B O VA TR IR B R I & AN R

Figure 3.1 Lifespans of P. puparum fed with various concentrations of honey and
sucrose solution.

H: (A6 M TRREWEEMAE AR EFRELE, B)RRL/ NENTHZG, HIELL
FRHEATERE=30)FT, TERNTHFULIZTFERNEZR. (C)4 1 B IKE By A0
A RAWF £ F4, (D) HEUFHERERET, BT LA FHFRTFEEY
5. HEAWFHEERTEALEZFWEME. (A) Lifespans of P. puparum fed on six different
sucrose concentrations and water-only control. (B) Data are represented as mean + standard error (SE),
different letters above column indicate differences in survival. (C) Lifespans of P. puparum fed on four
different honey concentrations and water-only control. (D) Data are represented as mean +standard
error (SE), and different letters above bars indicate differences in survival. The same letters are marked
for values that were not significantly different.
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% 3.3 WATEWENEKE S 3 eI & /N e R o e B RV
Table 3.3 Effects of two carbohydrate nutrients with different concentrations on
the lifespan of P. puparum female adults

B& IR KE (%) FH &4 LT50 Faek HRES RAF®
(=SEM, X) (%) () (9]

g Kk ot P 0 3.420.1e 3.0 base 3 6

TEEVE TR 1.25 5.140.2¢ 4.7 49.8 6 7
2.5 13.440.9d 13.2 290.1 13 36
5 18.5+1.5¢ 17.0 4393 19 39
10 20.242.4bc 19.1 489.9 18 46
20 25.0+2.3ab 23.2 628.4 26.5 48
40 27.942.5a 28.1 714.4 33 50

o Kk ot B 0 3.3+0.1c 2.9 base 3 6

R 5 14.542.1b 12.9 342.8 13 40
10 25.843.2ab 24.9 686.3 25 102
20 27.443.4a 24.9 735.1 28 74
40 34.6+4.1a 32.5 955.7 29 94

E: AEMEREENRET G, BRAFHEENAELELEEFZR (Tukey's, p<0.05) . FH %
W R AL F A o LTS0 &35 50% R 30 T ah Bt 18] . P& 6 2 H 5 S0%F 5 F AW F. &
AARREEZET AR KN FEENFR. ALK (%) = (REFHF-ARELHF6) /HRFY
Fa*100, MHERARTTEEHETESH . TRATFHRTFERNEZSR,

In each sugar source at each concentration (columns), treatment means followed by the same letter are not
significantly different (Tukey’s, p<0.05). Mean lifespan is the average lifespan of each group. LT50 is the time at
which 50% of the tested wasps died. Median lifespan is the age at which the curves intersect with 50% survivorship.
Maximum lifespan is the lifespan of the wasp that lived the longest in the group. Lifespan extension (%) = (treatment
mean lifespan - water mean lifespan)/ water mean lifespan *100. One-way ANOVA was carried out for nutrition
groups. Different letters indicate differences in survival.

ATRBTEEFEEESRBRENEXAXR, BT THXREESN., B
RExREEBENRE, BREYAFTAEBNTHEG RELZRERBINKES
FaW R ARELEN, THEIRFRyRFT Rx/y (H 32) . 7 (y=
x/(0.1125 + 0.0335x) , F=296.167; R2=0.98; p<0.0001; 0< x<40%) T~ T &K E
BAEMEG K Z B ARBEEMAM, 74, XAAFRTUTRNE 48K E
TEWRE 40%LLJE 2 i E LB —NEME . X 7T B R BA, w0 RAkS 38 i A
WE, MZMARMEGHEmnaE—SRE HFilb, BREH, A EBREN
v, S\ NEBENFAEIEAZGEHERK, RIHEREKHA, XEEL
JINHE M B B A B R A BN AR B R E A 20% 2 . SR 2.5%. 10%F0 40% 4 FE
AR RAT RS, ARZEAHNFEEREER.
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50
45
40
y=x/(0.1203+0.0278x), p=0.0034, R?=0.9605
Z 35
©
T 30 B
s e
§ 25 —
g , y=x/(0.1125+0.0335x), p<0.0001, R?=0.9834
A
15 i
10
5
0 5 10 15 20 25 30 35 40 45 50 55 60

Nutrient concentrations (%)

Bl 3.2 IR oK B o A R A ORI 2 /N 0 A A T
Figure 3.2 Model predictions of P. puparum lifespan fed with honey and sucrose
solution at different concentrations.

Er xBRREBEREENRE., y RKKRS/NEBEEXR N TFHEFS, LHBECHE
RTERE /N EFa GREREZPWEEIEE 2, THEEH LT TEREL N NEH o
ERBEREZMWEEAER SN, A ZTRYERREN 5%, HEe NEHTNFH; B

R Y EREIRE A S0%ET, ¥ /NEW TN 4.

The x-axis represented concentrations of sucrose or honey. The y-axis represented mean lifespan
of P. puparum female adults. The upper orange curve shows the regression model analysis between
lifespan of P. puparum and honey concentrations, and the lower blue curve shows the regression
model analysis between lifespan of P. puparum and sucrose concentrations. A represents the
predicted lifespan of P. puparum when sucrose concentration is 5%, and B represents the predicted
lifespan of P. puparum when sucrose concentration is 50%.

2.2 M X HIR G /N T A R
FrREBARR D EERE RS/ NEMRENEG (F31, £33) . 5K
FABANF ML, EFRARBRE T EENEFGMEMT 4 FUL GF
#3.3d, p<0.05 (E 3.1D) ) . 7 0 Z| 10%H 5 2 ik F X 8] B, W&k ZRE W
Biv, FEENEGTK, MX20%WEZEREZE, FAREGLIFLEZR
(%33) . EFHE T, 10%F 20%% ZRKENEHEEMNH/LFES, E10%
BERENERAE®EK, K3 T 102K (H310) . Rk, 27
— A~ EF A (y = x/(0.1203 + 0.0278x), F=72.996, R?=0.96, p<0.01; 0< x<40%)
RBREZRE (O 5FE8NTHEG (y, Bk Ax/y) . ARG EEE
EamREmtagmE (E32) %R, HEERRRAERS NS,
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AREKT e F 4. BEBERORERENLN 10%. RREH IR E v,
FHEGHREHK, E>10%WEEABZNEFALZR.

BEABNANBANTEETHES 33d, GEBLAENATRANS
AT EG CFH 34D T80, WABKBERNT LZAE T, F&FK
BRAMTEEARNANERERBRA T, 6EFRTIAFES, ERERETT
KR BI, EEEAMNER 25.0d, BEERWE Y 258d. K, AR
RAGFE, ARERTAENEG LIRA N 50d, MAREENEGNHHRA
. R, AHEARRHRERETE, EEA 20%, MEEE 10%EIAK
#, AR EARGRENESFRY, FENEEEE D, W, WRE 20% % E
A0 10%% EH FiEw S HAT W, TULA (AR 43 d /L FEELH, 43d
ZEFdea R (B 33) . &G, KFFAEIRNE T 72 b &7 LRI,
BRANMCEN T ARG S, EEHEEN LRETE M. XY R R E
RERAREMEKT RN EG,

100 - 20% sucrose

== 10% honey

—~ vs— p=0.9051

Percent survival
(3,1
(=]
[

0 50 100
Days

B 3.3 4R 20% KR Fu 10% i B 0 Sk 0 & /N 4

Figure 3.3 Lifespans of P. puparum fed on 20% sucrose and 10% honey.
B AR KA L L EZER (p=0.9051) . Log-rank test indicates no significant difference
(p=0.9051).
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2.3 BRERE A 4K EE W

BARFE IS 7 TOR 22 TRENE 34, aFWEFaAXEFAAEE
AT XEEFERE —ZEFEBAFFHERERE K 3.1 (Xiongetal.,2020).
URIRI Py o ey E AR R EE AR, BIEOd M RLEN 1, 3t
HT7%2d. £6d. $12dF% I8dEHNESTREE (F35

CAMP
ADCY | ——» — SOD

N

InR —» chico —» PI3K—> —» AKT —i FOXO —» ﬂ

PTEN
IS pathway

TSC1
—— Rheb —» TOR » S6K ; Longer
TSC2 lifespan

4E-BP — EIF4E

A 4

CAT

mTOR pathway

HDAC1 | —— dSir2

Sirtuins

B 3.4 #tf LR TR A 47H IS F TOR HE R K A
Figure 3.4 Evolutionary conservation of IIS and TOR pathways on model
organisms.
F: BANEFEAEEE FK FRE KEGG (https:/www kegg.jp/kegg/) F #i ks & B &k ow,
e ERTZERZLFWEF . The relationship of each gene in the pathway refers to KEGG
(https://'www.kegg.jp/kegg/). The orange box indicates that the gene is the selected gene.

Fir it 2 A R B AR X R KK FESE £ e BT ERKRERA L
FZ2R (H35 , AF TN EHEIANHEBAIEN L ERRERTLEH X
kEBREHNE, €112 PpPTEN, PpFOXO, PpTSC2-1, PpTSC2-3, PpSODI-1,
PpSODI-2 and PpSODI-3 (& 3a-g) . i 23 F 8 R 3k B E>2 5% K E T 5 2.5%
MEBREHAMLEIAE TR AL ENZER, W PpFOXO & k& REEALE

(10%, 40%) FHIAE A RIXE W 2.5% A T 30 FLA L (E3.5C) o 54
EFAEX LR ERRESG AL ERS, EXMRBRXELZR, CNE
PpSOD2, PpAKT, PpHSP110, PpTSCI and PpTSC2-2 (3.5 H-D ., ##&H 7T 2/
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ADCY #H PpADCY3 #1 PpCYRI #A4T 4 #1. PpADCY3 £ 6 d. 12d. 18 d =4
T EMETAHEBREMS, AR KL MENER (B 3.5M) . PpHDACI
A PpCYRI R L E X WMFEAALHAZ (H35N,0) .

(2]
o

100 e,

REL of PoPTEN

REL of PpFOXO

REL of PpTSC2-1
x

REL of :Irscz-s
]

08 G 6 ] e H 3 o)
0.61

0.4 —

REL of PpSOD1-2
REL of PpSOD2

02 —=

REL of PpSOD1-1
REL of PpSOD1-3
H

REL of PPAKT
REL of PpHSP110
5
REL of PpTSC1
°
2
REL of PpTSC2-2

= 2.5% sucrose
B 10% sucrose
E= 40% sucrose

REL of PPADCY3
REL of PpCYR1
REL of PpHDAC1

2 @ @& & RS @ @ & » @ @ &

B 3.5 RAEX BTk % fr Al R R EH X R B AT E

Figure 3.5 Effects of sucrose on the relative expression levels of selected lifespan-

related genes.
VERE AR Ak R Y AR A R B E AR X R A KPR, x BRI A RARE B R,y B
REZENFGHAEENAENEKRILAAF (REL) . 0 d W RFHNFABNAEAGTEERLE
THA LA E E RN HAT Tukey WS B BR R, HEUFHETEREZRT. S&
A8 RL A BE AR, * KoK p<0.05, **F o) p<0.01, ***F K p<0.001 Fr**** £ K p<0.0001, 4
BT 4 AETHIFT R & 6 AE ok F AL B B9 AR 4 R 38 KF . The x-axis represented four
sampling time points. The y-axis represented the relative expression levels (REL) of selected
lifespan-related genes. The relative gene expression of parasitic wasps sampled at 0 days was
calculated as 1. Tukey’s multiple comparisons test was performed within each time point. Data are
represented as mean =+ standard error. *means p<0.05 when compared to its corresponding control.
**means p<0.01, ***means p<0.001 and ****means p<0.0001. This Figure shows the relative
expression levels of selected lifespan-related genes among treatments in four periods. A: PpPTEN;
B: PpFOXO; C: PpTSC2-1; D: PpTSC2-3; E: PpSODI-I; ¥: PpSODI-2; G: PpSODI-3; H:
PpSOD?2; 1. PpAKT; J. PpHSP110; K: PpTSCI; L: PpTSC2-2; M: PpADCY3; N: PpCYRI; O:
PpHDACI.
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B, HATHEXON A ETHN, Tt F A & & 448 K 5 E BRI AT
EHABRTHEGZ AN XRE (£34) . TERTRBERKE THELRTY
Zr o Ao FT U A W B B R AW AT T NE R T 2040, ERXIA
14 MEFWHESREAFEFEEFHFGREMR, £+ 9 MEFRWAENE
rARKFEFEEFHFEGHNARLELERR, B PpFOXO, PpPTEN, PpTSCI,
PpTSC2-1, PpTSC2-2, PpTSC2-3, PpSODI-1, PpSODI-2, PpSODI1-3. Kija, F 14
N EREFEGTEMAREINERR A TFTEAIZS HHAEZ T AGTNER (X
3.5) o FPAMANER A B T p<0.05 IR AE, KB ZITEN T ETTIA
# %2, =A% PpPTEN, PpSODI-1 1 PpSODI-3 # 4h X\ % & Tl £ A Model 1
(9 = Bo + By * PPPTEN + 3, * PpSOD1 — 3 + B3 * PpSOD1 — 1)+ . #£ & Model
| EBETEN 93.1%, WHETEXEWMEMLME, DI E L& HNAETHR
(k3.5 .

K 3.4 FERE R IR 6/ e o AR 2 TR R R AT AR A AR R M AT
Table 3.4 Correlation analysis of relative gene expression levels and lifespan of P.
puparum fed with sucrose

X A4 —T&EEETE pf RERE R FEE

PpPTEN y = 12.9618 + 1.0632x 0.0000 0.8470 2.5458
PpFOXO y = 13.5005 + 0.2217x 0.0000 0.8382 2.6186
PpTSC2-1 y = 13.4610 + 17.1970x 0.0022 0.6237 3.9933
PpTSC2-3 y = 14.6294 + 9.2509x 0.0211 0.4273 4.9262
PpSODI1-1 y =12.7828 + 23.1513x 0.0106 0.4953 4.6245
PpSOD1-2 y = 15.5983 + 27.3066x 0.0191 0.4378 4.8808
PpSOD1-3 y = 15.2192 + 2.9743x 0.0046 0.5681 4.2780
PpTSCl1 y = 11.6018 + 29.9377x 0.0091 0.5095 4.5589
PpTSC2-2 y = 16.6052 + 24.9219x 0.0214 0.4260 49318

e x BT R F X R IEATE, y AR SN M R 5B P 4. The x-axis
represented relative expression levels of selected genes. The y-axis represented mean lifespan of
P. puparum female adults.
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% 3.5 BRED EFEM R R QRN T4 FHE
Table 3.5 Lifespan prediction modeling of the sucrose treatments constructed
through step-wise method

A ]
% REE pla wER¥k REE
R? R?
Clomsizmi () 13.748 0.997 0
PpPTEN (By) 1.091 0.149 0
PpSODI-3 (B,)  1.870 0.464 0.004 0.950 0.931
PpSODI-1 (B;)  -12.904 5.028 0.033

E: N E & FE NP = By + By * POPTEN + B, * PpSOD1 — 3 + B3 x PpSOD1 — 1,
Predicted wasp lifespan 9 = B, + 1 * PPPTEN + B, * PpSOD1 — 3 + B4 * PpSOD1 — 1.
2.4 M EIRE AKX EE W
BERRTESNEAENELENRMAAL (B 3.6) . & T>10%% %
RANT EENTHEGRAZER, TEXE S%IKEBEER 10%KE A2 |4
MEF SMERARRIAE T B RELEEABAFPEREN KL E eI NE,
FEFUEEEENHEZEZR (p<0.05) . XLEEF@HE PpTSC2-1, PpTSC2-
3, PpAKT %1 PpTSCI (K& 3.6 C,D,1,K) . =¥ F PpTSC2-2, PpADCY3 #n
PpHDACI # & 3E & 1E 5% Kt 10%9K E & . %5 5l & PpADCY3 £ 4 A B 8] &
HMENH T REAREE RENER. ARMREEST*—FIEAT X — A (&
3.0) NEXHTZANMWERETONEANZAATFEFEEFHREMX,
Y N1& PpTSC2-2, PpHDACI, PpSODI-2, PpTSCI, PpTSC2-3 %1 PpADCY3., H#
2 ARG, PpTSC2-2 fn PpHDACI WWkik g GH AW FAF G FELKEX A,
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Figure 3.6 Effects of honey on the relative expression levels of selected lifespan-
related genes.
Ee x HREK 4 DR R, y B RR L F A K F WA R ACFE (REL) . y %
RE T8 oAl X EH A RIA AT (REL) o 0 d BE KA B9 57 A 85 00 AR 2 2 B R A &3t
FA VAN A AT Tukey WS BB T . BEUFHEAERZRT. 5HEMN
Rt B AR H, *FROR p<0.05, **FR p<0.01, ***FIK p<0.001 DLE**** K K p<0.0001, A
FE R T WABFH pr ik & 6 A0 X B B A FE 2 8| A8 % & 35 K F . The x-axis represented
four sampling time points. The y-axis represented the relative expression levels (REL) of selected
lifespan-related genes. The relative gene expression of parasitic wasps sampled at 0 days was
calculated as 1. Tukey’s multiple comparisons test was performed within each time point. Data are
represented as mean =+ standard error. *means p<0.05 when compared to its corresponding control.
**means p<0.01, ***means p<0.001 and ****means p<0.0001. This Figure shows the relative
expression levels of selected lifespan-related genes between treatments in four periods. A: PpPTEN;
B: PpFOXO; C: PpTSC2-1; D: PpTSC2-3; E: PpSODI-I; F: PpSODI-2; G: PpSODI-3; H:
PpSOD2; 1. PpAKT; J: PpHSP110; K: PpTSCI; L: PpTSC2-2; M: PpADCY3; N: PpCYRI; O:
PpHDACI.
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% 3.6 M ERREE S/ NENHEEEREATEF G HAREL N
Table 3.6 Correlation analysis of relative gene expression levels and lifespan of P.
puparum fed with honey

% B £ 7 —THEEETE pfE ARFER FEE
PpTSC2-2 y = 36.1579 — 5.7349x 0.0013  0.6610 5.4176
PpHDACI y =40.3684 — 10.6650x  0.0464  0.3405 7.5562

e x BT F X R IEATE, y H AR SN MR R 5B P % 4. The x-axis
represented relative expression levels of selected genes. The y-axis represented mean lifespan of
P. puparum female adults.

Z )5, B EHETHRE T T BB B AR E S TR Model 2 (9 =
Bo + By * PpTSC2 — 2 + B, * PDHDAC1 + 85 * PpTSC2 —3, % 3.7) . =1 £H
PpTSC2-2, PpHDACI 3 PpTSC2-3 # W NMEA 2, B 4 51 A AL i [F 75 8 34 3%
B p<0.05 WIFFE, RiFEZRENE BTN FE. HA Model 2 M ## & 7 £
R? % 86.4%.

& 3.7 BRI E D E JF kA R A A TR
Table S. Lifespan prediction modeling of the honey treatments constructed
through step-wise method.

2
¥ RS %Zﬁé REFZER? REER?
Constant (5,) 40.085 3.718 0
PpTSC2 -2 (By) -4.94 0.81 0
PpHDACI (B3) -7.52 2.099 0.007 0.901 0.864
PpTSC2 —3 (B5) 3.955 1.48 0.028

VE: TN ZE 4 HEAY =By + By * PPTSC2 — 2 + B, * PPHDAC1 + B; * PpTSC2 — 3.
Predicted wasp lifespan § = By + 1 * PpTSC2 — 2 + B, * PPHDAC1 + B5 * PpTSC2 — 3.
2.5 F A FHEA B RE

BT EEAES Fa X EENRETRANTE, BEHRE (50%) f
RIKE (5%) WREBERATHERIE, &4, MR T TN & & W 2B K E T
HTENE AR . 5% 50% K E B R AE TR AR A £ 8, Git P AEF A 4 A A 17.5 dA
28.1d. B ZAE, TSRS NERF e H17.8dF279d, 5EMERY
SERE. Hit, TUT AF Ry =x/(0.1125 + 0.0335x) Fx (B ER K Z) &Y
% Bl £0-50%.
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75575 AT i S A ORIE A (K 2

BTk, 28# 0. 2. 6, 12 42 18d, it 4 A B8] & BUAEHAT qQPCR, X
EFE A RAATETHEA S F RSP EGHTNE S (K38 . A 5%ERE
RN ABE 4 MR T FGNEEHETNEN 95%ERFXE N,
% 6d 4k, F S0%EME R RE T A A 3 AEE & BT &6 £ TNE K 95%
BEREXEA,
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3% 3.8 A 5%F0 50% 4RI & NEREER 1

Table 3.8 Validation of Model 1 using P. puparum fed with two sucrose concentrations

5% EBEBER 50% FE BB R

2d 6d 12d 18d 2d 6d 12d 18d
M E Fx1  PpPTEN  3.32 3.05 5.13 8.88 7.80 11.97 20.23 17.77
MM EFx2  PpSODI-3 5.50 4.84 0.87 1.37 4.24 5.07 7.36 7.01
MME Fx3 PpSODI-1 0.61 0.93 0.69 1.42 0.34 1.37 1.46 1.39
Ay (d 19.8 14.1 12.1 7.7 25.8 18.5 30.7 28.3

o 13920~ 6.789 ~ 5957 ~ 3613 ~  21.031 ~ 10241 ~ 24237 ~ 21.640 ~

S5%TAR 25749  21.508 18.171 18.925 30.644 26.834 37.253 34.909
LR 4 (d) 17.5 28.1

e TUNME x & AT R E WA RE AT, TEy HEE e N NENTUNF4. EFE o A 0.05. Predictor x is the relative expression level of the selected
gene. Predicted y is the predicted lifespan of P. puparum. Confidence level a is 0.05.
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75575 AT i S A ORIE A (K 2

3 Wik

Jl CAFE REMNTERART ERFLHTEREL/NERNERT R, B TX
ERFAEUFSEHTHA, BRNBERET LAY . i LA R X
HEGEERATHERWKEN I ZEIERNE, BRI RA S BRNHEE
HATHE (Azzouzetal ,2004), % R K, Fb 75 HE A0 0 B X0 B 0F & /N o5 R R Y
EafEDEYH, EREZGHEERRENRSNEK, X 6T, #
WNTEREEBERMEGEKZ AARBNEME XK. RITEREHA, AFTH
WA /N K B ERBVE R E A 20%, BERE A 10%. EEFZEEHES
AN, FEHNEEEFE D, WO, FME 5T F 6 809 E 7 2 R AR
FEENFAREGERKPRW ERER., HEAFRRBET — £ & E R (0-40%)
MBERRESTEERGINRR. BRF S0%MWEBBERRATEBNERX
B, EEAREH — RTINS, ERAE GKEWBERARE £ RN E G
AHUBEETN, AZELERE5 Wu FRAEWBERERSFGHZET0HEN, T5
Azzouz % E W F 4 T X IRERIKEZHE &R T — B (Azzouz er al., 2004;
Wu et al., 2008). BT L, A~ [B] 9 B 4% UR AT B A o A7 4 0 R 0 [ B R M AR 2R
MIARRERANER, FASEN—FARKR, ARFEER 2 EANRE
BIRKE, e UAREFHRALE R AN IEHR. BN+, 2R L
HREKFASNRAY, EKAFRARE, BRABAZTEA, NTREE
FR Ao FEEIT R &, K E M A B R A, R F A X o Rk
WK, AT 20% AR UARE R, HEHTE, FEEN2 RAEH
BT RMFEA, KIS TRE 10%HEEA, XBFREFHTFEEAN
RERT b B R

AEB#— AR T HFaHAEINRLEREFTAREGNRR . FHH
AEFANERIEREREREEAEAFE —EHM, 5 MNEE PpAKT,
PpHSP110, PpTSCI, PpTSC2-1 1 PpTSC2-3 &I LT Rk e E S o LK
AW, PpADCY3 ik iz B EF o KM EK. AR L NER $
FBA NN, EHEFE AN TIRE F o MR R T DL & A & 6 B 5
NEWFARBREFTNENTE. 2 KFEERFENREARK, WRHARTFH—
RERFEI0RALNEAY, B—MRESR, TENE L RIFHER T DIA
BHANRTIANEETNES, FRARNER S, REEN—F R X ENAER
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s

75575 AT i S A ORIE A (K 2

B, ARAREFENTER O AN SR I RAEGEEENER, LR, &AH
REET L UEEETPNESE TR R #TERANE L, U EETAAE
WETFENFEEFGPHLENEFRER. AT, RERTRHEERS %
REZAWMELU XA, BIEBRN, A LPHBRANERSFEEFGNX
A RFAMN, BREANNEE T, EFNEAZETZ G, BRT AME
PR EHATER | #ATERIE. A 1 (§=13.748 4+ 1.091x1 + 1.87x2 —
12.904x3) &4 7 A SOD, ] ft & ¥H PpSODI-1 #1 PpSODI-3 W & ik X 7 78
EAPl. HAME =+ X T SOD B fEF KA 4£ #1. R#E SOD By th B2k &
THRERETREAGWERGEEAMT . HEF. BES. AEBHEHAHN
% Z 8% (Boulianne, 2001). %A, EEZFEB Lasius niger AR T, KEFHE
H SOD V& 1 5 A8 %F 2 4 By T 80F0 4 BUAR b BE R 8K BAB L (Parker e al., 2004).
BRI T34 & K BUE A LA, (8 3 1 REIE BA AR AL o 4 N\ B & 4 A
REAXRBEZMNEGF AR FGWNERKEFER XA,

RZ, RZIEAT 2 MBREN SRS/ NEFGHWENTHAE LT ARNE
@M 7T, BH—FAR T RETEERNN T A EFGHAETNERHER,
FREMZTLTHRIEHAFGTNER, EEELENEFGTNER 5, fFiLit
BE 7 = A ZEEZWALE PpPTEN. PpSODI-1 2 PpSODI-3, 7 % % 4L Bt % 4
TR &, kT PpTSC2-2. PpHDACI #1 PpTSC2-3 =N EEH AR,
FRARERES FATFLERTERBANEEGZ AR R, A5 EHRT LS
WA EENFRET HH T,
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FEE A TRE G/ NE KA

BEMET, FEZEEMATANEE. REFEGRERHE, KL NEE
25C T -FH F4 K 21.9d, E3SCTHMENFHEG L ELEE N 9.2d(H 2.5,
B2, b ¥ oL #A R B — AN 1R B 40 B RS R R VIR B HSP M kik. R AT
i, B #E HSP RIE4 T & AT 44 Hsp70. Hsp90. Hsp60 f7 sHSP &, 4
BERBEAEATET, HSP AEXR AU B EGRTNTERT LA ZHH (King
and MacRae, 2015), £ sHSP &2 — K EH —MRF W a-d R E W B /N0 T2
nEEE, e NEERA P HEEY T 8/ sHSP(PpCRYABI-8, % 2.2),
#IT qPCR ZBRMFRR T N F R EEHmE R HHRLERMA, EXE
I TR A N R b F RS R SRR A AT e e B AL B R
#,AFEP, BRTEEE/NEBETE SN BM K2R TEERELE, ¥
T RNA J 5 B AR & A 40 5L 5 I8 28 09 9 F AL
1 AR5 %

11 REREAEREE

Wi e/ NEREANLE —F L1, AFFARNZEE S N ERIE R R, ¥
WA /N 25°CREFRMAFRAMNE, LRIk A/NEL . VB R AFEAME,
REALA BRI, —HGRSAE 25°CRAM PSR, —HBE A 35°CHE R M T 5,
FEARAEE SR, 272 (—) #AEA: TME 35°CAE 3 h, 6h, 12 h,
5d. 10d f2 15d; (=) xRA: P /5 25°CAE 3h, 6h. 12h. 5d. 10d fu
15d. ENMREREIANEL, ENEAUE 5 LHEHE, F TRIzol L E 5k
HFAE-80°C TR, £F 12 4 36 M & Al T RNA-Seq R 54 % 7 K35 447,
1.2 RNA-seq X 12 X 47

Y d5 08 4 /N MR HE By 36 MBS 4 BIHER RNA B#AT Rk, HREAER
RNA R AR B F —F 14, FUt 64 B A & iy 2 OB #EATIIF o I F 2 T HiSeq

X HE R 4 /N R S BB 8 $% K B9 BT mRNA #EAT 5 . 525 R f 1llumina
TruseqTMRNAsampleprepKitﬁ%zufxfiff@% XA B X A8 32 o A U AR
WE 4.1 Fror. M FRERHEHKIE (rawdata) , HE xR 4 $E AT R B4,
# Jf cutadapt v1.16 Chttp://cutadapt.readthedocs.io/) # 47 5 734 &, £ B4k 1E
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RN F LT R ERR R KERE T NEE, 53R e FEdE
(clean data) . 2T Trinity 4 3% & TN FEAEHATHE, &6 EFHHHE
HAT ST,

T
3h 6h 12h 5d 10d 15d
L5 x 1 L) ﬁ/
= IRLHENE S
1A
3h 6h 12h 5d 10d 15d -
L3 5 5 § > s

wim A BRAE

- FEAN A ER1E R P, lllumina3X
HRNAREY —> mRNAEE —> £ HCDNA —> PRRKE®E —» e e

B 4.1 AR RNFLBRRE
Figure4.1 Transcriptome sampling and sequencing experiment flow.

1.3 EFEZEALH

B, ®A RSEM 4 Al BEENELEHRWERREAF. #£/F, AR
£, DESeq2 *f RSEM kit F B4 £ (counts) #ATH ML E B EFHWE R KL H
#T. {£ A Benjamini 77 Hochberg # 77 i X p (& # AT IE LIE#I B X T E (False
discovery rate, FDR) , &R Al g &=, It H =R E 4 (Fold change) . %o
B REFE g <0.05, Hl|loga(Fold change)| >1, N\ A Z£EFZZFKIAXLE (D
EG) o & 6 /NAY I m iy & — X AL B A An i IR 2 (] AT A B = R R A EY BB
Nk MEEARY ETRAE AT RABRKRERSAN, HERKEE: HAH
7 spearman #8 % % %4, # [ 6] pearson /8% &4k, KA hcluster K 7%, K
FrERRr AR RAEXRANEEF R A pheatmap 1EE], Z7KLEEH
B E AT (PCA) . Kl B Fn 28 B F| OmicShare Chttp://www.omicshare.co
m/tools) fE .,
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14 ZREHE GO f KEGG #% & £ 447

£ A OmicShare ¥ & xf Z 7 EFH#1TT GO & %4 M KEGG # % g &4
#r, ¥ FDR RIEJE p 18 (Bf ¢ 1) <0.05 #J GO FA1 KEGG # B 4 2 7%
g % GO Tifr KEGG # B
1.5 EFHmAXERZF %44 (WGCNA)

4% Lanfelder #2 Horvath FF & B9 4 F An AR 4 & 15 W 4 2 AT A2 (Weighted
gene co-expression network analysis, Ef WGCNA) , {#f R & WGCNA v1.66 *f
P #ARH RNA-seq RIEEME T EEERAWNE (H42) . aEMERAHK
BEHATAE, AETHRNHATTE: D TERBEFAERFHERLEZ N
TI0WERE; 2 TRFEEFAHATRLENLFRAZRNER. ALKEE
MBETELF AU, ATHEEXREREATH—FME, ¥ T8 X£H
0§, ISR RFRAR KRB XES,; = |cor(i, )|, 1 E B Y 3 R A A A
KEFES = [Sy] WE 5 48 30 (power) 454 o HOK A0 K ME 4B [ 46 4 4T 2 46 [ qy; =
power(S;;, B) = |Si;|P, &3 power #h £ Rk RAH € RESHPME, #<NAME
K8, EHREERARRBEALREMNE A5, #1724 F & (topological overlap
measure, TOM) %[5, NEERBERNTEE GG NMANEEHZ BB LR, &
T TOM HEehAE 7 B #AT B AR KA, BEREFRE, AHSHHLEHTE
Xl h, HFRERNMESAMNY 30, SFAEHRFMEN 02, HTHETHES
NEZGDEREE, AT RBEFAZ G R  NEFGWAXE, REMA
PABEABAN O (Fo%E) , TRAEAN 1 (Fakk) . X— I EHk+
WEFRHFTERLS N, AREEHKS (PCL) R AR ANEHRERIE, BIE
P AFAE /& (Module eigengene, ME) . i+ ME Fnlbidk 2 |6 g9 48 = 4 R4, B
THA—ARE TEERETE N EHSKEF X —HRIHEXE (GS)
BB EE S A XS (MM) , HE GS ft MM B9H XM EE., i
ENMEFEGS MMM EET 1, MIAAZER SERFHEMERN AT RS
EMAXR, GHRBEEMEX. FabSHERGEMMERBERZ B, £A
cytoscape 3.8.2 B¢ A 2 A B 1 B 4% 24T W AL, R EAUE weight £ 4 0.18 3 H
FrAE SR B AT Rk, W JE B cytoscape B9 cytoHubba T E & & 48 3k 5 %
BLEH K42 H (Chin ef al., 2014), CytoHubba £ T 12 Fria o047 7k, &

## Degree. Edge percolated component (EPC) , Maximum neighborhood component
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(MNC) . Density of maximum neighborhood component (DMNC) . Maximum
clique centrality (MCC) . £ T xAEHEAZW 6 #F. 01Nl E 7% (Bottleneck.
Ecentricity . Closeness. Radiality . Betweenness # Stress) F Clustering coefficient.

LU MCC>5 f 15 i #9 3 4 45 1B 3847 6 4 LR B AL

HEERARIAME
RE: REEENFANEFELNE
Bk BRI TANERITE

RIRKN D
B IR (8R) P
Bk BRRESH, HENHEE

v

BRIRS MHIRER REESK

[RE: SRBEMZEENEIRRIR ‘

v

RRRIR Z [ERIX R
[RE: AYIRER. REEENA
7i%: Eigengene Networks

v

EMBERMEIRFRXBER
B TRBIT. EMRTES
Bk BRREEE. BRER

K 4.2 WGCNA 4 #itEE (£# Langfelder and Horvath, 2008)
Figure 4.2 Weighted gene co-expression network analysis (WGCNA) workflow.

1.6 RT-qPCR RiEfr RNA FH# 525
HTRIEEFANFERN T ERATEEN, FRETAFSNAEL 4
(R 25°C TR 77, A EA 35°C T 77) AFAFEE L (3h, 6h, 12h, 5
d. 10d. 15d) KEHEL/NEMEEEL, EMMEREINEELE, FIMEEK
%5 KMEs, AT QPCR BiE. PCR EERIERESEH —F 14,
®41 REHRAT Y

Table 4.1 Primers used in this chapter

kB BHERFF (5°-3)
qPpCRYABS F TTCCAGGTGATCATCGACGT
qPpCRYABS R GTCCTTCTTCTCCTCGTGCT
qPpHSP68-2 F CGACGTCTTAGAACAGCAGC
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qPpHSP68-2 R
qPpHSP83 F
qPpHSP83 R
qPpXAPS5 F
qPpXAP5 R
qPpPPP6A F
qPpPPP6A R
gPpCathL. F
gPpCathL. R
qPpMf2 F
qPpMf2 R
qPpSECI11C _F
gPpSECI1C R
qPpOSBP2 F
qPpOSBP2 R
rnaiPpEIll-F2
rnaiPpEIll-R2
rmaiPpXAPS5-F
rnaiPpXAP5-R
rnaiPpCathL-F
rnaiPpCathL-R
rnaippPP6A-F
rnaippPP6A-R
rmaiPpCRYABI1-F
maiPpCRYABI1-R
maiPpCRYAB2-F
maiPpCRYAB2-R
maiPpCRYAB3-F
maiPpCRYAB3-R
maiPpCRY AB4-F
maiPpCRYAB4-R
maiPpCRYABS-F
rmaiPpCRYAB5-R

CTCCATCAAAGAGTGCGTCG

AACTCGTCTGATGCCTTGGA

GAGCGTGCGATCATTCTTGT

CGAGAAATCGCACAGCAAGA

GTTCGACGGCATTGTAGTGG

GAACTGGTGCCGTTGTTGAT

TTCGAGCGAGACACCTTTCT

CACAACGGCAGCCTGATATC

GGGGTAGCTTTTCTCCGAGT

GGAAAGGACCGTCAACATCC

TATCTCTAACTGTGCGGCGT

CGGAAGAGCTCGAGGATTCT

CCAAGACATGCAAGAATCGC

CTTCCATGGCAGCATACACC

GTTGACGTTCTGCCAAGTGT
TAATACGACTCACTATAGGGAGATCTACTCTGCTTGGCCCAAA
TAATACGACTCACTATAGGGAGAACGTCATGGGGTAGGTGTTT
TAATACGACTCACTATAGGGAGACGAGAAATCGCACAGCAAGA
TAATACGACTCACTATAGGGAGACTGTGTCCTGATCCATCCCA
TAATACGACTCACTATAGGGAGACTCGAGTGGATCAAGCGTTG
TAATACGACTCACTATAGGGAGAAGTTTACTCTCGCTGCCTGT

TAATACGACTCACTATAGGGAGATACATCGGACGAACGTGAAA

TAATACGACTCACTATAGGGAGAAACGGATAGTTTCGGTCACG
TAATACGACTCACTATAGGGAGAACTTTGGCTTGGGATTACGC

TAATACGACTCACTATAGGGAGACCCGTCAGCTCGATTTTGAT
TAATACGACTCACTATAGGGAGATTTTGGACTGGGACTTCACC
TAATACGACTCACTATAGGGAGATGACTTTGGGCCATTTTCTT
TAATACGACTCACTATAGGGAGATCCACTGCTTTTCTCCGACT
TAATACGACTCACTATAGGGAGACACTCCGTCCGAAGACAGTT
TAATACGACTCACTATAGGGAGAGACTTCAGCGTCATCGACAG
TAATACGACTCACTATAGGGAGATCTTTGCTGAGGGACGACTT
TAATACGACTCACTATAGGGAGAAGCAACTCAGCGCAAGTACA
TAATACGACTCACTATAGGGAGAAGCACACCGTCAGAGGAGAG

R4 4 A dsSRNA, 1R 18 82 &

H i 7 7 UL & Lucifer 89 7 7|1z & 1% it & Primer3

(http://bioinfo.ut.ee/primer3-0.4.0/) W k1% it 4 T7 B FHIA R34 (k 4.1,

A 5] 4yt

1T PCR # 3,
T 7 %A 544k B Wk . TRIzol 3% 42 BLE RNA. 4 cDNA B % =
&9 cDNA A2 R, i dsRNA 3|47t
(400-600 bp) HJ =47,

FE| K /N A 400-600 bp B F= 4, X LA A A AT
# 1.4, DA
AT PCR ¥ #, JFE| & M6 EHAR LW AN

2 7R AE J5 1 1R S R AMEIR . BE S AR 3B AR A 4 TR

7|8 MEGAscript® T7 Transcription Kit (Ambion, Austin, TX) HYUL#A 4, HKHh
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& B dsRNA. #| I KB /A 107 8 = 40 dsRNA, DA T BHES. #T R F
KBS B, B R e N MR T R B — 7 m R T b, AT RS
FFEAT T dsSRNA B98P0 2 d 5, BTN & qPCR k2 A FH kL &

. qPCR MBS EF —F 14,
2 R4
2.1 BHFHAKRE LN HE

ZEARELEFLIEG, EEL/NEBEEHEE (25°0) FRAE. BHEE
(35°C) RAEH, KMFEMNRBREMKI G RAEL KL 36 M m L KT 2
1,567,502,192 4 & il & B9 7 # (cleandata) . 2% 36 Ll /73 Q30 & %
Ba B AT 90%, RAMNFFREREF (£42) .

K42 BXHAN PRSI

Table 4.2 Transcriptome sequencing yield

Hmek A A% (% WEH (bp) Error% Q30% GC%
25°C-12h-1  Control 49753462 7378146352 0.0141 9275  45.11
25°C-12h-2  Control 50858970 7536521065 0.014 92.82  46.15
25°C-12h-3  Control 47230686 7006272779 0.0148 92 46.17
25°C-3h-1  Control 41392638 6152595106 0.0154 91.62  45.53
25°C-3h-2  Control 47569472 7069680155 0.0154 9159 462
25°C-3h-3  Control 47023264 6986606049 0.0151 91.85 4594
25°C-6h-1  Control 52855190 7828897681 0.0138 93 46.04
25°C-6h-2  Control 50030786 7433578852 0.0142 9259 457
25°C-6h-3  Control 48659968 7225207686 0.0143 9244 4597
35°C-12h-1  Heat Stress 62326694 9260987176 0.0136  93.44 4498
35°C-12h-2  Heat Stress 58103654 8634307047 0.0137 9337  44.79
35°C-12h-3  Heat Stress 51540568 7673061782 0.0137 9329  45.15
35°C-3h-1  Heat Stress 46604600 6914792241 0.0143 9247  47.03
35°C-3h-2  Heat Stress 59692556 8883543727 0.0137 9329 46
35°C-3h-3  Heat Stress 64530892 9597522571 0.0137 9333  45.88
35°C-6h-1  Heat Stress 61502074 9152798567 0.0139  93.09 45.16
35°C-6h-2  Heat Stress 52426108 7806019475 0.0137 9331 4535
35°C-6h-3  Heat Stress 40937556 6091373690 0.0137 9334 4495
25°C-5d-1  Control 29076602 4210845493 0.0137  93.44  43.75
25°C-5d-2  Control 27474136 3986090763 0.0135  93.68  43.73
25°C-5d-3  Control 30067336 4370707708 0.0131  94.04 43.97
25°C-10d-1  Control 34922211 5081339064 0.0131  94.13 432
25°C-10d-2  Control 35775439 5218811099 0.013 9426  43.94
25°C-10d-3  Control 43534137 6355482247 0.0129 9431 439
25°C-15d-1  Control 28283731 4127442956 0.0094 9644 4451
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25°C-15d-2  Control 25295888 3682315661 0.0094 9638  43.98
25°C-15d-3  Control 27625805 4022208231 0.013 94.19  44.22
35°C-5d-1  Heat Stress 43149469 6305126549 0.013 9428  44.9
35°C-5d-2  Heat Stress 47047098 6882807720 0.0127 9462  44.76
35°C-5d-3  Heat Stress 44117527 6422236834 0.013 9425  44.22
35°C-10d-1  Heat Stress 42218457 6179692935 0.0127  94.61  44.96
35°C-10d-2  Heat Stress 49250728 7204492352 0.0127 9459 453

35°C-10d-3  Heat Stress 30898487 4520838280 0.0093  96.6 4525
35°C-15d-1 Heat Stress 30407472 4411730086 0.0132 9395  45.12
35°C-15d-2  Heat Stress 30817803 4496036422 0.0095 9636  44.85
35°C-15d-3  Heat Stress 34500728 5054463130 0.0092  96.77  45.11
W: Q30% : Phred #XfE AT 30 HyA & & BARBE B F 4 tb; Error %: AEH#1R £ GC %:

WE G CHWHELMERNREREN TS

2.2 Ho SRt R R R R

X A 4 E TR R
ERBUCIEA,

RMERF. RE

B [B] e 2 B

A LA 4 B e A B X PR
BEAD MO E B,
T B 4R T B

>t Q30%: percentage of bases with Phred
values greater than 30 to the total number of bases; Error %: base error rate; GC %: sum of the
number of bases G and C as a percentage of the total number of bases.

HATER DM (FH43 A,
ELHIANTMEARKIANAYFES, BIHRN ) HE
DEHENFERNFERRTELELE—

BHAEWN I AN EMF

& ILE]

R, RAHAEHEAR, IRALBHNE

SOATHIE R R T B B 4
2 AnE lm AL F A 3 ] £ 4 PCL (57.9%)

Hfnmim A, X T AR W R
PUOA E R R T A E AR,
, K#W S d U LW EERBERLERK 12 h AERA#HN

£ (F43B) .

T 6h KUl R E—

TR 4. PC2 (9.9%)

FAE, 35°CAETH
MREFRER. AT

BAFETEANERARLZENAN. E6REQMWERTULIAA Ih AR

45 o 45 AL B A SR AR o
AR T A A K L

DESM, BENEES/NENRRT A 6h 2T AR N, HE
RAGKRF o/ NENERNBE T EERDH, EA5FHEH.
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A C_3h

604 -
®C 6h

®C_12h
] A C_5d

ecC 10d
e C 15d

A T 3h
AT 6h
® \.\ -

-20- ° AT _12h
T_5d

AT 10d
50 0 50 AT _15d

20

PC2(9.9%)

PC1(57.9%)

14 Time
] 3h
12 6h
10 . 12h
8 5d
10d

= 6 [ 15d

=== ———— 4 CellType

= e | 5 control
I heat
0

Al 4.3 P T U S /NG R AER
Figure 4.3 Gene expression patterns of P. puparum under heat stress.

E: (A) & PCARHER, AEVERETHRE, WEWN=ZAXETERAEL, £
HAaMirE. (B) REQMME. F—7aE M EFTAFAENAAER, Z04EL
A M EEAR R A “Time” #1“CellType”. & B EHXE R 2 A%~ 3h. 6hFf112h, L&
EREXEELAIFT 5d. 10d W 15d. EEBRFTHRE, SRt rmRAEL.,
B—TRT—ANEH., SrETET—ARATE—AEENELE, B lomEPKM1)%
T, MO0 E| 14 xR e NI B EZI % . (A) Results of PCA analysis of samples. The control
group is indicated by a circular icon and the upward triangle indicates the 35°C treated group, which
is labeled on the right side of the figure. (B) Heatmap of cluster analysis. Each column includes all
genes in a transcriptome sample, and the grouping information is labeled as "Time" and "CellType"
on the right side of the figure. The brown blocks from light to dark indicate 3 h, 6 h and 12 h
respectively, while the green blocks from light to dark indicate 5 d, 10 d and 15 d respectively. Blue
blocks indicate the control group and red blocks indicate the 35°C treated group. Each row indicates
one gene. Each cell represents the expression of a gene in a sample, expressed as logo(FPKM+1),
from 0 to 14 corresponding to the color from blue to red.
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2.3 EEER KRB

BEUR B/ N M B 2 R R A R TR 4l T A B R B A A T R T A (1 4.4),
KB BEANZRRAERN TS TREASEAELE, SRS 3L EEL
N MR 86 NEF R E FIR, 2 NEFEETH, MAREERH (15D
BAF 969 MNEFHTE L, 1046 MNEFRETH, & MEGIRET, 25
TREFERHE R ER (RRID o £ F o &L EL S 7 748 20 fr Kk B a2
AP RABTHRNRE, 2Rk EAANEREETH BAEANERLESE
B HSHTDEER, KB A AHHFTSONREAEEFLR K (FH45
AFIB) o X BEFHFTH-FHINEA, A2 NMNEEERARBATE
W, A& PpCRYABI #2 PpCRYAB2 (H 4.5C) . A 1 ANEHEFA AT
% T, B PpDnah3 (H 45D) .

A C_3hvs T_3h D C_5dvs T_5d
30 v — - down (e2) 30 4 H2aate down (578)
: nodiff : Jeate, nodiff
251 ' . 254 i ey
] : =up (ee) 1 Pl = up 578)
T 20 } T 2 f ot
2 . g %
e L s =4
g e > o
L 1o Ry £ 0 k' .
s st
e L
5 ; N 5 4 5-
nreSPell L LofwredeJet 0 LN
0 i o
-4 2 [ 2 4 4 2 0 2 4
B C_6hvs T_6h
30 ' v down (115) down (e52)
2 : nodiff nodiff
e = up (90) = up ©10)
—_ . Py
o 204 . 4
o [ =}
[ ! ™
T 151 [ =)
g i g
= 104 Foae, -
PR
o
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [ OFY . S
o :
4 2 [ 2 4
C C_12hvs T_12h
30 ] — down (265) down (1046)
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25 4
.| ®up 036 B up (969)
20 3
a [=]
™ ™
Z 15 L
=3 =
K] K]
0 0

logz(Fold Change) logz(Fold Change)

Bl 4.4 ZRRHEEKLE
Figure 4.4 volcano of DEGs.
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stress stress
Short-term Long-term Short-term Lot
8 2 16 2 1 40
PpCRYAB_1 PpDnah3
PpCRYAB_2

H 45 FRMANEREZLEKE

Figure 4.5 Number of DEGs in different period.

(A AHmEARAEREXEAANERR;, (B KAGBAEAZRXBEFRNER
B; (O malErE LEEANELE; (D) 5mEAERETHEEFNWERRE., (A) Venn
diagram of DEGs in the short-term 35°C treatment group; (B) Venn diagram of DEGs in the long-
term 35°C treatment group; (C) Venn diagram of genes significantly up-regulated by 35°C treatment;
(D) Venn diagram of genes significantly down-regulated by 35°C treatment.

AT H—FRAERL/ N ETENE TZRERLEFTN IS EHNEY
TAE, NEMBEREXREEHRTT GO £/ KEGG BB EELH. H£57
R TR A AT GO ER, K e 14 A & 11 2 (BP, Biological Process) .
41 il 41 4 (CC, Cellular Component) #1453 & (Molecular function) =4~ A %
THFI (E4.6) .

SR/ NEEESEAELNFANANER LR THEEN GO ERE R
1 EF KB BP £ 5| T4 & % = B 2K 4 31 2 (metabolic process, GO:0044237 ).
E MF KA T2 7 RLEF W e 2B 24640 € (binding, GO:0005488) Fu
B E M (catalytic activity, GO:0003824) H¥E & £ . &£ CC £ A TR %k
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ERWERS KRR S, TRERAS)FHE (membrane, GO:0016020) . 4
(cell, GO:0005623) . #Ajg a4 (cell part, GO:0044464) . FE# 7 (membrane
part, GO:0044425) Fn4fjg 2 (organelle, GO:0043226) %,

Number of Gene

Biological Process. Molecular Function Cellular Component Biological Process. Molecular Function Cellular Component

B - E =

E

er of Gene

Nmbs
5| —
005, | —

Biological Process Molecular Function Cellular Component Biological Process. Molecular Function Cellular Component

Number of Gene

Biological Process. Molecular Function Cellular Component Biological Process Molecular Function Cellular Component

B 4.6 ZREBEE GO ZEBER

Figure 4.6 GO annotation of DEGs
EEFRATRET GO R nRkARE, AETRTEEEZ-_Z0KFHERNKE,
BANEFEH GO ek = KK, # A A EELR, HHH 5 4 F 34 & . The horizontal
coordinates of the figure indicate the secondary classification terms of GO, and the vertical
coordinates indicate the number of genes included in that secondary classification. The GO
functions of the genes in each figure are divided into three major categories, namely biological
process, cellular component and molecular function.
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iR 3h ey 168 M E R XK EEHAT GO B R4 (k43) , %#BP
A¥ETREEEINEAMALETE (oxidation-reduction process) , & MF 4% T H)
6 NN KR EEE, HP A RAZREASBENEZEES T EANLREE
M (oxidoreductase activity) , H 9 INEFEE E 2 T EF T kot o ik 4 4 5L
B F A A R B R E 1 (oxidoreductase activity, acting on paired donors,
with incorporation or reduction of molecular oxygen) , ¥4 10 MEFE 2% g & 3|
T %8 T4 4 (iron ion binding) . W& % 4 (tetrapyrrole binding) #7141 %
¢ 4 (heme binding) . ZF XX EHEFELAEIhHN GO 4 FHHEEELER
EAZFRGWERTH S S5EAMEHTE. HEELE 6h 205 MER KA
EFEHAT GO B, ERXANEMF AR TEZFEEET 12 M0H., A&
Mz, ARSNEHTEEEE T HMESE, FRANAEFHLEEEET AMEE
Pt C(hydrolase activity) , 18 M B % g &£ 2| 7 kB /& 1+ (peptidase activity) ,
1TANEFREZEEEE T AT L-AXEBR KA KBS % (peptidase activity, acting
on L-amino acid peptides) , UL & 14 M FH E# g & 2| 4 kB /& 1% (endopeptidase
activity) . GO T EEEREAETREAE 6 h TREERARELA
IWEFETRASL EME, AHEAE 1208401 MEFERLAEFHT GO 54
AN, HREZEEEE 64 MF £515 4 4 BP XA TH/ANTR, ¥, H 554
ERWA T EETEE T AMBEEE, 21 NEFEEBINREEN, TF S
NEHDEEER B AT A L ER (KB &£ (fatty-acyl-CoA reductase
(alcohol-forming) activity) . BP XAl # X FH L ZE & 2| AL FiLE ., EFEER
#f ¥ 7 (amino sugar metabolic process) . & # & 1% (X #t i 12 (aminoglycan metabolic
process ) f1 & # & #E fZ LA 4 R # i 2 ( glucosamine-containing compound
metabolic process) . GO EEH R XA EAE 2 hmzREE TS 5K
R, BREAEERECTE,

MEimAE 5d e 1154 M EFRRBEFHATE 0, MF kR TEFH T #
BERINTHBTEL ONELELFNAELELAHE, TEREEEINAMA
-7 B4 &, 1K (chromosome) . % & 1& # 4 (chromosomal part) . % & i (chromatin)
#/MR (nucleosome) F1% & ii-DNA & 41K (protein-DNA complex) %, X —
ERMEERATELE S EDNA B#|, X EFEESME . FERALE 10
di 1562 NZEREAREFHTFEEET 94 MF X7 TH 1 A CC KA TH/N
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T, TEERFNNWAE D N4 IZ (nucleus) , EEE| W4 FaEF DNA 4
4 (DNAbinding) . WikBEE M., ZRE A% KA FEM (nucleic acid binding
transcription factor activity) 15 7| 4#f 57 & DNA £ &% F [H F & & (transcription
factor activity, sequence-specific DNA binding) % . &\ E 15d 8 2015 £ 7
RABAFELEETERT 10 A CC (R THWAT. BHABLE S HHE
(intracellular membrane-bounded organelle) 71 f& 45 4 40 i 2 (membrane-bounded
organelle) E XL XHEE WU E S, KETEXRENEEINERLTE
REFHETHBR, TR A K S RAES THERNREFET T ZFH.

*43 2REXBEFHGOGREELER
Table 4.3 GO enrichment of DEGs

P& GO Ontology GO ID DEGs FDR
25°Cvs.35°C3h  (xidation-reduction process BP GO:0055114 20 0.04014631
oxidoreductase activity MF G0:0016491 22 0.00218475
oxidoreductase activity, acting on
paired donors, with incorporation or ~ MF GO:0016705 9 0.00218475
reduction of molecular oxygen
iron ion binding MF GO0:0005506 10  0.00025167
tetrapyrrole binding MF G0:0046906 10 0.00025167
heme binding MF G0:0020037 10 0.00025167
25°Cvs.35°C6h oxidoreductase activity, acting on
paired donors, with incorporation or MF GO:0016705 7 0.04556047
reduction of molecular oxygen
iron ion binding MF GO:0005506 7 0.03458524
phospholipase A2 activity MF GO0:0004623 2 0.029645
phosphopantetheine binding MF GO:0031177 2 0.029645
modified amino acid binding MF G0:0072341 2 0.029645
hydrolase activity MF GO:0016787 32 0.012875
tetrapyrrole binding MF GO:0046906 8 0.00856034
heme binding MF GO:0020037 8 0.00856034
catalytic activity MF GO:0003824 65 0.00516284
endopeptidase activity MF GO:0004175 14 0.00207741
peptidase activity, acting on L- MF G0:0070011 17 0.00207741
amino acid peptides
peptidase activity MF GO:0008233 18 0.00104443
25°Cvs. 35°C 120 carhoxypeptidase activity MF G0:0004180 4 0.03848012
hydrolase activity MF GO:0016787 55 0.02589007
oxidoreductase activity, acting on
the aldehyde or oxo group of MF G0:0016620 5 0.01920572
donors, NAD or NADP as acceptor
oxidation-reduction process BP GO:0055114 32 0.03618798
aminoglycan metabolic process BP G0:0006022 8 0.03618798
structural constituent of cuticle MF GO:0042302 8 0.00410179
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tﬁiﬁi"gﬁggﬁt?d“ctase (alcohol- GO:0080019 5 0.00263748
endopeptidase activity MF GO:0004175 21  0.00260802
amino sugar metabolic process BP G0:0006040 8 0.00858687
ngafjﬁigj;‘;‘;aming GOLOTIE G0:1901071 8 0.0074996

25°Cvs.35°C5d chromatin cC GO:0000785 17 0.04950373
myosin complex CC GO0:0016459 5 0.03902346
nucleosome CC GO0:0000786 17 0.03859749
protein-DNA complex CC G0:0032993 17 0.03859749
chromosome CC GO:0005694 21 0.03269723
iron ion binding MF GO0:0005506 24 0.0260216
chromosomal part CC GO0:0044427 21 0.01628753
DNA packaging complex CC GO0:0044815 19 0.01628753
heme binding MF G0:0020037 26 0.00188989
tetrapyrrole binding MF G0:0046906 27 0.00097799
25°Cvs. 35°C10d  cation channel activity MF G0:0005261 14 0.04587089
3'-5' DNA helicase activity MF GO:0043138 3 0.02993229
aAC{iIV)f;pendem 3-5'DNA helicase -y GO:0043140 3 0.02993229
heme binding MF G0:0020037 28  0.02993229
nucleus CC GO0:0005634 83 0.04679314
DNA binding MF GO0:0003677 94 0.02174511
tetrapyrrole binding MF GO0:0046906 29 0.02174511
‘g;"tfr“; ;?V‘i tl;inding transeription. 4 g G0:0001071 45 0.02076655
;f;;j:;‘:‘;’;ei‘t‘ifcoi)ﬁfgzl dng MF GO:0003700 45 0.02076655
endopeptidase activity MF GO:0004175 57 0.01524246
25°Cvs. 35°C15d  myosin complex cc G0:0016459 6 0.04791504
condensin complex CC GO0:0000796 3 0.04791504
chromatin CcC GO0:0000785 25 0.04204288
cytoskeleton CcC GO0:0005856 26  0.04204288
nucleosome CC GO0:0000786 25 0.02500058
protein-DNA complex CC G0:0032993 25 0.02500058
cytoskeletal part CcC G0:0044430 22 0.02500058
dynein complex CC G0:0030286 7 0.02500058
membrane-bounded organelle CC GO0:0043227 115 0.02500058
intracellular membrane-bounded cc GO-0043231 115 0.02500058

organelle
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=

ATHREREE N NEEFTRPET AR AGNBENZRERLERS 506
S, M EEXFEHATT KEGG BEFBLEE /T (H 47, 4.8 F14.9) ,
BEAEIhNNERAAEAETERT 10N EE, LFDEEEE 4 MBS
(MFIND , TESS5BBRARBEHNMITE 2#% % (Antigen processing and
PMWMMD\%%ﬁ%%ﬁﬁﬁﬁ@(M@w@mw@@mﬁmw-mﬁﬁ:
species) . /A& &/m (Priondiseases) . EH HF (Legionellosis) . W i &
B B in T# 42 (Protein processing in endoplasmic reticulum) %, 25K R NE &
M TGN ERKER S, @4 5 M #B& g HSP. 3 &K & & CRYAB #o
BAG2, U tHRBEGRBEAREGL S R L YMHNEGAERESEHMESE

o BT SAREES, TF—MNERE G Cathepsin L 5 57 R L5

B2 3% A
iﬁlé %o

KEGG pathway annotation TOP 20 of KEGG Enrichment
Metabolism 1 Antigen processing and presentation{ [l 4 0.0016)
- plo species| [N © (00016
3
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2 |
2 { 3 )
n atwayd [ 2 0.1545)
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i ! ] 7
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Organismal Systems Q 8

‘.-.-.
3 @ B @ @

o 0 -
Number of Genes Gene Percent (%)

4.7 HEAEIh ZRKEEFN KEGG BB S XTEHRER
Figure 4.7 KEGG annotation and enrichment of DEGs at 3 h.

BEAEOhWERKRAEALEER 3 EKE, HFEEEERT 34
B (MFIL), 2ARRENRIEREERE. SHMHHNEGRAZEER AR
MEaWmIT®RRE, B3 NMABEER 1A Cathepsin LE 5T HEN N ITEE
HEE.ERE LA RERER N RN & TR ERE S HSP
#1 CRYAB.
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Figure 4.8 KEGG annotation and enrichment of DEGs at 6 h.
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Figure 4.9 KEGG annotation and enrichment of DEGs at 12 h.
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BEAE DhnERRAERLATER 154 N EE, HPREEE£E TH
R IT5E#®GE., Sttt FaRERE. omEEREAF. FAAEZE (Quorum
sensing) . FHEHH. AAMNEGR T EEE 6 MEE (FXID o BRI
BT RZEAMAEMERENEEREEZERS, B3 AT REEEM 2 A4
BMMAREFNEER T X—®AE P, TURI, HZENE3hE 12hBZ
sRIZEF KEGG 8 &4 R ABAMHMN (k44 .
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Table 4.4 KEGG enrichment of DEGs under short-term heat stress
KEGG & & -LOG1(FDR) # 7% DEGs
3h 6h 12h  3h 6h 12h
Antigen processing and presentation 489 2.80 2.24 CTSL, HSP70, HSP9OA CTSL, HSP70, HSP9OA  CTSL, HSP70, HSP90A
SLI;’;%:SV“Y regulating pathway - multiple 457 280 202  HSP70,CRYAB HSP70, CRYAB HSP70, CRYAB
Prion diseases 406 ns 1.70 HSP70, STIP1 0 HSP70, STIP1
Legionellosis 376  ns 1.53 SdhA, HSP70 0 SdhA, HSP70
Protein processing in endoplasmic reticulum 376 1.73 1.40 HSP70, HSP90A, CRYAB,  HSP70, HSP9O0A, HSP70, HSPO0A, CRYAB,
BAG2 CRYAB FBXO02
Measles 251 ns ns HSP70 0 0
Estrogen signaling pathway 251 s ns HSP70, HSP90OA 0 0
Toxoplasmosis 213  ns ns HSP70 0 0
Influenza A 1.75 ns ns trypsin, HSP70 0 0
Pancreatic secretion 1.61 ns ns amyA, trypsin, PNLIP 0 0
Caffeine metabolism 1.61 ns ns xdh, uaZ 0 0
Starch and sucrose metabolism 1.59 ns ns amyA, malZ 0 0
Steroid hormone biosynthesis 1.56 ns ns UGT, CYP3A 0 0
Chemical carcinogenesis 1.52 ns ns UGT, CCBL, CYP3A 0 0
Quorum sensing ns ns 1.70 0 0 chitinase, GAD
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Fl#eH, AKEISERMET 3 MEeMhBErERrk L EFH#TT KEGG &
BaokMmg&ot, ERETEREERASES e mh B g REEZRA (X
45) . MIEAESAdMERFLEFAETRET 2498, HFDEEHE T
i, 4Rl 2 4R B (Celleycle) . DNA & #| (DNA replication) . P it W&
BRI &%, mEkmA. REMREEFEHE (Hedgehog signaling pathway
-fly) FoEE Ry R 3 8% (Meiosis-yeast) &, EHH 6 M EAEFEE
ENmMEammIeE, A TESAEERHEEFERNASET, BT
1 A%y HSP70 2 &, ¥ &6 & 94 1 [ 09 #4382 | vie AL & i 28 Y I BE AN B &l
AR I10dEZRERBEFEEST 281 AN, KPR EE RN THAMAR. B
# % & (Alcoholism) . &7 B4 m/%# 4% (Fanconianemia pathway) . ¥ Bg{k

(Lysosome) . ## iz & # ( Glycosaminoglycan) . [&] J& & 4 ( Homologous
recombination) #7 p53 55 i % (p53 signaling pathway) % 9 M@ % ., HF p53
8 F @& %+, PpPTEN #] FPKM & 7 &5 AL 2 10d it B & T8 4 2 B4 89 45.7%,
H b #0 PpPTEN #ikiZ 2 E(R¥ a{R# T IIS/TOR 5 &E MM L. &ik
AEISdMERTAEFREERET 31T AN ER, XF24NMNDEEEREE, 5k
frE 15d HEZEAK R N EFFNA R, TURALEEENER T A4
5% R K B3 %, 40 % JE # & (Pathways in cancer) . B] 7| fif & (Prostate cancer)
F9E E F B RNA (MicroRNAs in cancer) o W41, PpPTEN 1 & i@ A2 15d Bf
#—F T AR 40.6%, HEBEEE2| T FOXO 5 5 1 p53 5 5@,
ME 410 TUAH, HRAE ISIE FOXO F 5% Lz R XAXFATHE
SR/ NEFGHMRERFE ZHKA,
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Figure 4.10 DEGs of FOXO signaling pathway at 15 d.
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Table 4.5 KEGG enrichment of DEGs under long-term heat stress

13 -LOG:o(FDR) # 5% H DEGs
5d 10d 15d 5d 10d 15d
Antigen processing  2.11  ns ns CTSL, HSP70, HSP90A, HSPAS 0 0
and presentation
Prion diseases 1.54 ns ns HSP70, HSPAS, STIP1 0 0
Cell cycle 570 241 14.59 MCMS5, MCM7, MCM4, CDC6, MCMS5, MCM7, MCM4, CDC6, CDKI1, MCM5, MCM7, MCM4,
CDC7, MAD2, MCM3, MCMB6, CDC7, MCM3, MCM6, SKP1, CDC6, CDC7, MAD2, MCM2,
SKP1, EP300, PCNA, CCNE, CDC20, EP300, CCNB1, CCNE, MCM3, MCM6, ORC3, SKPI1,
CDC45, ATR, CHEK?2, TTK, CDC45, ATR, CHEK2, TTK CDC20, SKP2, EP300, SMAD4,
CCND2 ATM, PCNA, CCNBI1, CCNE, CCNA,
CDC45, PLK1, ATR, CHEK2,
PRKDC, TTK, CCND2
DNA replication 419 176 4.16 MCMS5, MCM7, MCM4, POLA2, MCMS5, MCM7, MCM4, POLE,  MCMS5, MCM7, MCM4, POLA2,
POLE, POLD2, MCM3, MCMB6, POLD2, MCM3, MCMG6, PRI, POLE, POLD2, MCM2, MCM3,
PRI1, PCNA, RFA1, RFA2, RFA1, RFA2, DNA2, RFC3 MCMBS6, PRI, PRI2, PCNA, RFAI,
DNA2, LIG1 RFA2, DNA2, LIG1, RFC2 4,
RFC3 5
Cell cycle - yeast 419 2.06 873 MCMS5, MCM7, MCM4, CDC6, MCMS5, MCM7, MCM4, CDC6, MCMS5, MCM7, MCM4, CDC6,
CDC7, MAD2, MCM3, MCMB6, CDC7, MCM3, MCM6, SKP1, CDC7, PRMTS, MAD2, MCM2,
SKP1, CDC45, CHEK2, SMC2, CDC20, CDC45, CHEK2, SMC2, MCM3, MCM6, ORC3, SKPI1,
YCGI1, TTK YCGI1, TTK CDC20, CDC45, CHEK2, SMC2,
BRRNI1, YCS4, YCG1, TTK
Hedgehog signaling 1.50 ns 5.30 SKPI, FU, EN, SPOP 0 SKP1, PKA, HH, SMO, FU, SPOP
pathway - fly
Meiosis - yeast 1.37 ns 1.72 MCM5, MCM7, MCM4, CDC6, 0 MCMS5, MCM7, MCM4, CDC6,
CDC7, MAD2, MCM3, MCMB6, CDC7, MAD2, MCM2, MCM3,
CDC45 MCM6, ORC3, CDC20, PKA, CDC45
Alcoholism ns 206 133 0 CALM, PKA, ATF4, GNAO, CALM, PKA, ATF4, GNAO,

GRIN2B, SLC18A1 2, H2A,
H2B, H3, H4, HAT1

SLC18A1 2, H2A, H2B, H3, H4,
HATI
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Fanconi anemia ns 1.93 2.81 RADSI1, ATR, RFA1, RFA2, RADSI1, ATR, RFA1, MLHI1, RFA2,
pathway FANCD2, FANCI, BLM, BRIP1 = PMS2, FANCD2, FANCI, FANCM,
BLM
Lysosome ns 1.47 ns GNS, uidA, FUCA, CTSL, 0
GLB1, SLC11A1, HEXA B,
NPC1, NPC2
Glycosaminoglycan  ns 1.47 ns GNS, uidA, GLB1, HEXA B 0
degradation
Homologous ns 1.47 1.56 POLD2, RAD51, RFA1, RFA2, POLD2, RAD51, ATM, RFA1, RFA2,
recombination RADS54L, RAD54B, BLM, RADS54L, RAD54B, BLM, BRCC3
BRIP1
p53 signaling ns 147 2.63 PTEN, CCNBI1, CCNE, ATR, PTEN, CDK1, ATM, CCNBI1, CCNE,
pathway CHEK2, RRM2 ATR, CHEK2, CCND2, RRM2
Pathways in cancer  ns ns 3.56 0 GST, PTEN, CALM, FZD9 10, SKPI,
SKP2, HSP90A, PKA, RADS1,
EP300, SMAD4, XIAP, ITGBI,
PLCB, SMO, CCNE, CCNA, BIRCS,
MLHI1, MSH2, MSH6, HEY, TRAF4,
CCND2
Oocyte meiosis ns ns 3.14 0 CDK1, CALM, MAD2, CPEB, SKP1,
CDC20, PKA, PPP3C, CCNBI,
CCNE, PLK1, AURKA
FoxO signaling ns ns 3.14 0 PTEN, PCK, SKP2, EP300, SMAD4,
pathway ATM, CCNBI1, PLK1, PLK4, FOXG,
CCND2, PRMT1
TGF-beta signaling  ns ns 3.06 0 SKP1, EP300, SMAD4, FST
pathway
Mismatch repair ns ns 2.63 0 POLD2, PCNA, RFA1, MLHI1,
MSH2, MSH6, RFA2, EXO1, LIG1,
RFC2 4, RFC3 5, PMS2
Herpes simplex ns ns 2.61 0 CDK1, PER2, SKP1, TAFS5, SKP2,
infection EP300, EIF2AK3, THOC4, SFRS7
Whnt signaling ns ns 2.32 0 FZD9 10, SKP1, PKA, PPP3C,
pathway EP300, SMAD4, PLCB, CCND2
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Circadian rhythm

Prostate cancer
Hepatitis B

HTLV-I infection

Hedgehog signaling
pathway

Glucagon signaling
pathway
MicroRNAs in
cancer
Progesterone-
mediated oocyte
maturation

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

2.32
2.29

2.26

1.72

1.72

1.56

1.56

1.44

PER2, SKP1

GST, PTEN, HSP90A, ATF4, EP300,
CCNE

PTEN, ATF4, EP300, SMAD4,
PCNA, CCNE, CCNA, BIRC5
POLE, POLD2, MAD2, FZD9 10,
CDC20, PKA, PPP3C, ATF4, EP300,
SMAD4, XIAP, ATM, PCNA, ATR,
CHEK2, TRRAP, MSX, CCND2
PKA, SMO, LRP2, CCND2, SPOP

LDH, PCK, CALM, FBP, PKA,
PPP3C, ATF4, EP300, PLCB, PRMTI
DNMTI, PTEN, EP300, ATM, CCNE,
CCND2, TPM1, TRIM71

CDK1, MAD2, CPEB, HSP90A, PKA,
CCNB1, CCNA, PLK1, AURKA
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2.4 EFpRERANELSH T (WGCNA)

MAEAKHHRAENERES NERTHNER KL EFRH AT UL
AN, BRTEAaNBRNZEREREEFHN GO WEE £ KEGG EH g % 7 U
EE-LEAFEE AR EREFNEANE, E2FEHNLT RS HTE —
AEHE A — AR A G RAZ W ER 2R R A BN B, BT REEW
A2 B E B AL (B LR KB B89 p<0.05, |log2FCP1 B 2R EH) , FHE2RF
H B R R B — B A R M, BRI, B R R e AL TR
BB RAE N ESER MR, GEPESERR AW IR RMEE
BE I R OA R, E TR — X ER, RRXENERARFILE
DEAF, XEELEHAREPNMERCHEERI. T, RERBEAEA, £4H
BXZ BBEBELNEEERERNO T T ERENEENER TR L XEE
Be A7 RGP EIEREERERS NERBEEFNERES, XEHM
KE BB A 6 T B A4 B B4k 36 N B 8 7= £ B RNA-seq HIEEH#AT T £
[l A AR 2 & 1k P4 AT
2.4.1 MR FTA £ A W B E R XM %

FE R E T 5 2 /NS B RNA-seq BB B E T — M EFH LR A WL (E
41D , RAMMNET 36 MER T RAERNRAHEXE, &EMXH
ERZ WX B — R, SHEUNERFITEHZE, FERLNE A EE
BRI E T 36 NEFH MR,
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A B Network heatmap plot, selected genes
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Figure 4.11 Visualization of gene co-expression network

dr (A ERRAMREREREENE (ME) WEAREE, RrR#kz KX R,
7 (A0 R HR o A B R RO — MR, B E G RORE — Ak A A6 RO AR
B (~+D) , B R BRAEE (~0); (B) HALLE 500 M EFHHHHEELEE (TOM)
RHE, BT ERZENRS R EMT/AINE - EH, KEERTKEIESE, RO
EXTEmEINESR, RREEIMEAT, ERMWELETEHME R, EEARKEME
XA TR G E 2 A TR % . (A) Hierarchical clustering diagram of module
clustering dendrograms and module eigengenes (MEs) showing the relationship between modules,
with each color block on the left and bottom indicating a module, and the same color indicating the
same block. Red in the heat map indicates high adjacency (~ +1) and blue indicates low adjacency
(~ 0); (B) Heat map of topological overlap matrix (TOM) of 500 randomly selected genes showing
the pairwise relationships between genes. Each row/column corresponds to one gene. Light yellow
indicates low topological overlap and dark red indicates high topological overlap, implying high
correlation in the expression of gene pairs across the 36 samples. Gene dendrograms and module
delineation maps are depicted in different colors along the left and top.

2.4.2 B 5% 4 HKHNER

METEEARENEZE, XA EERGEF /N NEFGHXRHTT
TR, e S fom i e THES NEFEGEX (H412A) .
REHER-EROHEFE MR EEROAE X  p E, £2HT 5 Mk
FIRME TR/ NERF G R X FEABR, FUHET s MEARBRT 5
HEMAFABERSHRALRE (k46) . EFH 4 MEREGKE MR AN
*, HHRALHEEWERLEwT: blue #3k (1045 M2 F) | brown Hk
(697 NEE) | pink 3 (110 MEE) 2 purple B3 (83 NEED . 74,
TAH—A yellow Ik 5K F MR EMRRK, ZEHRF AL 149 MNEH, BLR
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KoM TAZ LA Z B WA R (H4.12A) &I, blue HHF brown IR R
fE—#, purple #3#RA pink BRGHRAET —#=, T yellow 5 5 H A & £

A TR K DM 2T

% 4.6 REBSR T RBRE R AL EE
Table 4.6 The most highly connected hub genes in the candidate modules

HERFE, XF ID R

blue PPU15815-RA Protein FAM50 homolog

brown PPUO08660-RA RNA polymerase II elongation factor ELL
pink PPU12978-RA Venom serine protease Bi-VSP

purple PPU16576-RA 60S ribosomal protein L8

yellow PPU08277-RA Piwi-like protein Ago3

UL S AMREESRE—F M, TEER T E—FEFHERERIEX
P (GS) Sk By 58S i Ae i (MMD #iA X8, Al B &R (F
412B-F) . UKL, blue W EERR A EIAE —F4EH 1 WEL,
GS fr MM Wi A AR T 0.7, BEHEEH KX (p<0.05) . XitHH blue HHr
PR ER S EAAEREEE R, X 5ZERTEEMX, I, brown HkF
purple # 3 #) GS f2 MM #8 % M 435 5+ B 4 % (cor>0.4, p<0.05)
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Module membership vs. gene significance
cor=0.44, p=2.3¢-34

A Module-trait relationships B
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Figure 4.12 Identification of modules related to long lifespan of P. puparum

under heat stress.

E: (A ER-ERERERE, T8 - MERHRERE (ME) , BRWEZTE
RELEMAXFAEHRFIT. DT REHERZER e N EFFRK, B2 TFHFILT X
— Bk ERFGWERER p E, HF p EEETFRFE, p<0.05 TR ZEREKFa MK
KREMX BERTHAMEKX (~ -, TERFERFERZEHEMAX (~ +1); (B)
5 blue B GS fr MM B9AE A # R B, M ERT—AEE; (C) #k brown By GS Fo
MM A8 % 8k B B (D) 3 pink #7 GS A2 MM 8948 <48 & El;  (E) 3k purple B9
GS f1 MM 48 < M8t B B (F) #3k yellow # GS A1 MM 48 = P8k & B . (A) Heat map
of module-trait correlations. Each row is a module eigengene (ME), and the module's name is
marked with text and a color block on the left side of the heatmap. The vertical columns represent
traits with longer lifespan of P. puparum. The correlation and p-value of this module with longevity
are marked in each cell, where p-values are indicated in parentheses and p<0.05 indicates that the
module is significantly correlated with the longevity trait. Blue indicates negative correlation (~ -1)
and red indicates positive correlation (~ + 1) between the module and the trait; (B-F) Scatter plot of
correlations between GS and MM of candidate modules. Each point indicates a module member (i.e.
gene) assigned to each module.
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7 € blue # 3 K83k J5, 1Z A cytoscape X T & cytoHubba i blue
P AR A E AT WA T AL (B 4.13) , 4 7 MCC., DMNC, Degree 4
R24N5%, REFTEERENEFNEEHTHS, fFikH Degree>5 By F
HKREERE (K A7) . NEEZRFFTLLE Y, blue 3% F Degree>5 HEFH 9 14,
o Al & PpXAP5 (PPU15815-RA) . PpINOI (PPU15477-RA) . PpPPP6A
(PPU06685-RA) . PpESD17B8 (PPU11226-RA) . PpCathL (PPU00866-RA) .
PpGSTIC (PPU08124-RA) . PpMf2 (PPU10765-RA) . PpSECIIC (PPU16943-
RA) %1 PpCRYABI (PPU04131-RA) . EF EXHE WL T XRKEREHNE
[ & PpXAP5. PpPPP6A. PpCathL. PpCRYABI %2 PpINOI .,

A 4.13 CytoHubba T H 52314 & W % & ¥ $L
Figure 4.13 Gene network visualization using CytoHubba.
F: REEERNE FHE— N A (node) kar—ANMEE, 4@ %K~ Degree EE, 4%
% % &Ko~ N B 89 5 & . Eachnode (node) in the gene interaction network represents a gene,

red color indicates a high Degree value, and each connecting line indicates the relationship between
two genes.
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% 4.7 CytoHubba ¥ 12 fit 4 R F R W EE
Table 4.7 Top-ranked genes for 12 scoring methods in CytoHubba

¥ EEFE ID MCC DMNC MNC Degree EPC gzztlie §;Centric Closeness Radiality Betweenness  Stress g:)l;s&fg:ngt
PPU15815-RA 29.00 0.26 7.00 22.00 30.64 41.00 0.08 47.17 1.94 2846.90  6768.00 0.03
PPU15477-RA 36.00 0.22 11.00 19.00 31.84 29.00 0.08 46.25 1.95 1768.79  5124.00 0.08
PPU06685-RA 18.00 0.00 1.00 18.00 7.75 22.00 0.03 19.33 0.34 402.00 402.00 0.00
PPU11226-RA 35.00 0.19 13.00 16.00 31.74 45.00 0.08 46.92 1.98 1898.12  4838.00 0.13
PPU00866-RA 16.00 0.00 1.00 16.00  27.05 18.00 0.07 41.63 1.85 1870.91  5492.00 0.00
PPUO8124-RA 26.00 0.24 9.00 13.00 30.01 8.00 0.07 41.77 1.88 1305.29  3122.00 0.13
PPU10765-RA 13.00 0.31 3.00 12.00 2391 11.00 0.07 36.20 1.71 1216.95  2914.00 0.03
PPU16943-RA 10.00 0.31 2.00 10.00 2520 9.00 0.07 37.60 1.81 906.27  2302.00 0.02
PPU0O4131-RA 7.00 0.00 1.00  7.00 17.41 5.00 0.07 30.97 1.60 682.11  2676.00 0.00

VE: RHYE CytoHubba # T 12 #3447 ikt B, HF 3% Degree # % . The genes are ranked by Degree, calculated according to 12 topological analysis
methods provided by CytoHubba.
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2.5 ZREXEEN RT-qPCR BiE

L FHERRAEE R WGCNA AHTER, ®H 7 —LEFH (BFA
BEE. ALEGHE) , EEmahE A EEEHRIE, #HT PCR ok, RE
FEAER TXLEANEEERGHEZIANFNLERFE—EZHER, BERK
RS AZAHEE (FH414)
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Figure 4.14 Comparison of fold change in gene expression from DEGs and qPCR
results.
Ve A B SN 6 A I B AT N logoFCo £ E L AT A RNA-seq 4 R,
DR E &R TR KEHDLITH qPCR & R, UITLE K. The x-axis is the six sampling time
points. The y-axis is log,FC. The primary y-axis is the RNA-seq results, represented as a bar graph.
The secondary y-axis is the qPCR results, represented as a line graph.

2.6 1Yo H A 78 S WOR AL R Y B RE AR T

MRt R ZFRAEENFLEER WGCNA HHTER T, L&
BT — 2Rk B R . £ qPCR AR A% T ax 2k [ siAR 5% I e o A Bl 28
WIZH T F MG, A &L FH AT RNA FH IR, £3i8 T HE 5 W4 RNA
WM 4 NS REREE 3d A& T, ETIME 48 h BURA I 345 RNA B T3 4%
£ (F 415 HF4.16)

86



AN L e A7 VU BP0 T R G N e R A B

A 4 Ak P 4 09 JUAS K 4 &R T 4T RNA T3 80 BR, RNA T3t PpELL
MR T F,dsPpELL 89k 35 B 4 xf B4 8 0.13, T4 2 F 4 87.0%(p=0.0002,
K 4.15 A) . PpXAPS B T4 % # B %, dsPpXAPS5 t T 3 £ # 69.3%(p=0.0322,
E 4.15B).PpCathL B T 3 B R 35 B4k B 2 K -F, dsPpCathL B9 T3 3 FE N 66.9%

(p=0.0063, & 4.15 C) . dsPpPPP6A M1 THKEHR 47.7%, *itE LERK
(p=0.0320, & 4.15D) .

it RNA T 5 ki &/ NE M 0 5 4, A&7 th & KA E 4 dsPpELL J5
SR & /N B o A LR A dsLuc I BRA R F 4 (p<0.0001) , P &4 4
59 dAEI A BRAN-FHFEM21dEET 72% (H4.15E) o F4 dsPpXAPS 7
B e /NE T F 4 7.0d, B BRAENTHF 4 13d B 2F %8 (p<0.0001,
E 4.14F) . /E4f dsPpCathl ¥ % & NEWHE G TR A4 A 9.4 d, HHES
dsLuc HIXT IR B Z %45 7 18% (p<0.0001, K 4.15G) . VE5F dsPpPPP6A JZ %
WA/ NERTHE G 123d, HIEST dsLuc FEANTHE4 115dHLLTE
FER (p=09172, E415H) .

A B (& D
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c qedek *% *
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—— dsELL
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. dsXAPS —— dsCathL —— dsPPPBA
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a

days days days days

Al 4.15 X 8% RNA 3 B A7 H o TR KR K F 4Lt

Figure 4.15 RNA.I efficiency and lifespan influence of five dsPpCRYAB
e ARRE R x SRR ESH dSRNA, y % K& T3 005 B e A xR 2 A, SEUFHE
IIFEIR Z K. AT Student’s ¢ M5, 5 AR N X AR L * &Ko) p<0.05, **F p<0.01 DL
Fx*x £ K p<0.001. The x-axis in the bar graph represents the injected dsRNA and the y-axis
represents the relative expression levels of the interfered genes. Data are represented as mean =+
standard error. Student’s t-tests were performed, *means p<0.05 when compared to its
corresponding control, **means p<0.01 and ***means p<0.001.
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HRAHES, HS AN CRYABEFRELANMMERXLIHDTEEEET &
A %%, PpCRYABI R E KA B EH B A CRYAB £ H, A EH
WAL QPCR % W45 E T PpCRYABI *f B i R B ve B o VE 5T W 4%
dsPpCRYABI ¥£4T T4k /5, PpCRYABI ik 8 T A B4 003, THAES
£ 96.7% (p=0.0154, E 4.16 A) . #AT, L4 dsPpCRYABI B ¥ 4 & /) 5 F
e A 12.6d, ML BRANFHFH 13.0d8FE=R (H416B)

A 45— * B
—
T 100 —— dsLuc
: —
2 1.0 S —— dsCRYAB1
@ 2
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o £ 50
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l 4.16 X4 RNA X PpCRYABI £FH W THEKE K &4 4t
Figure 4.16 RNA.I efficiency and lifespan influence of five dsPpCRYABI.
VE: AR E Y x BR R ESHHY dsPpCRYABI, y %X %k T4k /& PpCRYABI #4874t % 3k A F
B AE DLF B AR B 1R £ R T . #E4T Student’s 7 |5, * & 7R p<0.05. The x-axis in the bar graph
represents the injected dsRNA and the y-axis represents the relative expression levels of
dsPpCRYABI. Data are represented as mean = standard error. Student’s ¢-tests were performed,
*means p<0.05.

ZREFAWSNLERELTAH S PpCRYAB £ ERF MG R & 8 £
fm, TiEA4ET 3 PpCRYABI *¥if & /NEWFHEGERA £ RED W, #I
CATRE R 7 R T e AR M B te fe gy H b, BT RKE¥ M T PpCRYABI .,
PpCRYAB2. PpCRYAB3 . PpCRYAB4 %1 PpCRYABS ] ¥ 4k RNA % &8 & 7 Bl it
EAT e/ NEMEE P, R THRREFHTEG G PCR ER DR, Fr
H 5 A~ PpCRYAB Wikihg#A T, A¥ 3 MNEEWERLEH T FREK.
dsPpCRYABI #9 T3 3 & H 77.0%(p=0.0326),dsPpCRYAB2 #] T 3 3 £ H 63.9%
(p=0.0109) , dsPpCRYAB3 BT # K E K 73.4% (p=0.0006) , dsPpCRYAB4 i
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THE X 58.2% (p=0.0987) , dsPpCRYABS5 #1 T3 % E A 40.8% (p=0.0659) .
WA VEST dsPpCRYAB Wk 48 & /N F A L dsLuc B EWFKT 47.8%, 47K

6.0d 1 11.5d (E 4.17) .
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Figure 4.17 RNA.I efficiency and lifespan influence of five dsPpCRYAB.
Ee ARRE R x SRR ESE dSRNA, y % R& T3 005 B oA xR 2 A, SEUFHE
HAREIR Z RN 4T Student’s ¢ W%, 5 HAH RN X BAE L ROR p<0.05, ***EFR p<0.001
LA ns &7~ p>0.05. The x-axis in the bar graph represents the injected dsRNA and the y-axis
represents the relative expression levels of the interfered genes. Data are represented as mean =+
standard error. Student’s t-tests were performed, *means p<0.05 when compared to its
corresponding control, ***means p<0.001 and ns means p>0.05.
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A FAUE] AR T T SR A e B R R R 4 B A A A K BB (35°0)
A JEHI R R AT T RNA N F 383 & B R 7 4L 3 4 4 O i 2 T 4L 3088
BET 14946 MEEHERBHR, AHEBEAENSE LR RINEEE 388
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GO fu KEGG Wit E R E RS MHR T ZR L2 EHW 5 50
AR, BHEERENT, TEREANTRARBI BT AUHLAEE. K
BN s IR EA T, HH A DNA &, #FxmBEEENME . Bl EEAET
R ZREETERZRBZOREEE, @1 HSP70.HSP90 1 sHSP(CRYAB),
BEAERREMI. ARMEAGR I A4 EEZEEE. X—2R5RE . EHFR
R R e R E 45 R AEOL (Liu et al., 2020), HSP9O # [ 1y 3 F A #4354
EWEBERE S PEE FHE, HEAKTHE Nealetal,2006), K H &AL
B REZRRBNEFNTEREMEIET, £FEELHNER, ZREFADFE
E&£% FOXO 5@k, X — NN EGE T, FOXO 5 EENTESL
7] &6 5 5 v L 0 i 28 B o F AL

BAMEWRERERANE, REEFXRAEXBTHEEL N 35 ME
B, KRS G IR E B RAR KRB, RFRKET W a5 B R A8 R AR R
JUMBESR . BEARE MM 1 GS ByAE R MW T 7 8 5 iR il 8 22 X R &
BB SR . MG, MO REATH S SANTTINT JUNT R & 4
KA, #@i1EE PCR il fr RNA TH#HER, RiE T JUA sHSP £ 5 5 2 /)
e viE] R APl 2B RSB RRL o R %5 1E L o WR B VE AT T 36 5 A~ PpCRYAB #9 dsRNA
JEH R S /NE R R G AR T, &% PpCRYAB XM & £ ¥ AN B EE
R, EFERNAE, ETHEEH PpCRYABI B, T & P4k /5 8981 12d # B
|| B, JE4T dsPpCRYAB1 WA A M LA B, HEFEAH —NHALH TR,
B 12d EHEARMAG EK, X7 aEtHABBAELFHFSE S PpCRYABI
FiA, f£ dsPpCRYABI Wi TH B R LA E, m¥EFEAER YN PpCRYABI ¥
L8 BRI AR K F A o A R 1 R T

BB, @ILvEAt dsRNA xf o B 5K 4 2 /N % 2 B f& (X PpELL. PpXAP5 #u
PpCathL #ikis &, P /EHE 35°CH*, F B M =F et BEDERE
%o I\ N PpELL. PpXAPS5 F1 PpCathL 7 ¥ ¥ 4 /N ¥ 0 2 i 28 v 57 18 A2 o iy oK 48
AW . PpELL Yaty— st K E T, HREFHFRREE JELL EEANRF L
BAWEMARPHERRATEA ZHER, #BIHEMRTERE, 4L H
%Hwﬁﬁﬁﬁm%%%(&mmmmeNM)dﬂlﬂumﬁRNA%Am
Il B =90k 52 = H gk &, P LU Ras A Notch /5 5 # 5 (Eissenberg
emummp%%%%&ﬁ%?m3ﬁm¢z@ﬁ&ﬁﬁ%%%ﬁﬁﬁmoE$
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B, REZFEFEWERE BN, €N PpELL 7 ¢ £ # 1T p53 55 # &
B 5 HAH XM FOXO 5 5 @B L EMHA . EBEFTNAR LT, XAPS £ 6 AR
Bl R RER, 2536 RNAE, SHEGETAK H2AZ EEERME R
% (Anveretal,2014). EMF I+, XAPS FEAERE, 5 5BWAH+TH
ABET. XAPS Rk O EREZ AT HERT, CNETE £+ 7 8 ELA 4
LE 4 F3h 86 (Ellison et al., 2011), 1 M 3E N PpXAPS 15 18 09 7 5 % 25
W17 R B AR % R R M MBI RE. /& Cathepsin B T & BB X ik,

B2 RBR . R TA B Bt A B IR 4 &, R I PO IR B B4 IR B B9 JE 14 (Cao
et al., 2017), Pt & BL & & B Cathepsin L 1 % 72 3 £ T k&, 54 A
T LR AR B E R F e R | B R R Fom & R 4% X (Fonovié and Turk,
2014). #%| Cathepsin L ##1E 4 —figm i a. SHAA AT K —ENE,
AR PpCathl MELEMRRAETR TSR EFERK R/ N EES, HHTE
MBS TR ERN R THAEFR RN X — 4R PpCathl %A
BEHEVAAN, MARELGHER T FEENFeRA B RERREEAMEA,
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FIAFE JmE PPNSRV-1 3 ¥if G /N v oy 2 KA AT

5 & 8 £ % & BUR VLPs (virion-like particles) 154 —f IR E R A %, 5
ST ERZMBE ZMEVNEEXR, ERTIREZANHAEF, Wang
etal. QOIT)VEKRF &/ NEFRIT —MHFWETERANEERNAFRE (4N
HE 4 4 /\NHE £ 45 %5 & PpNSRV-1) FE 4T PpNSRV-1 72 & A4 ¥ fb B o B R AT 4 1
AR EL X F AR MR AT T TR . 12 A 3 & PpNSRV-1 4 T & %
e /NEEANHR, HEETEREmEENE ML TN K, PpNSRV-1 K7 &
EESHEANERETMEN4dUARERRIESd AL LEEE; FEHEF
ERRRAEKTIFETAELANFGRELEK, HXHKEFNARRET R
35°CEN 4 TR R SL . 7 T ¥t — 5 #IA % & PpNSRV-1 Xf 57 A ¥ Z 4 19 227,
¥ % & E N PpNSRV-1(-) i R F £ BIKNHFE| T Injected(+) ¥ 4 & /N, 7f BRI
EEATIREMER, 527 Injected(-) 4/ NE, HHRT R RABERETEN
%%oﬁﬁhmmylﬁAF,ﬁ%ﬁaﬁﬁ%éﬁxﬁﬁkaﬁﬁﬁﬁ%%
fme ANE3d, FEEIFAENFABAAKANFECESERG AT ERK
e R &S B REL. X Injected(+)F Injected(-)dy HE 4 4 /N ik 34T & 4 GE it &
I, Injected(+) 3 £ty % 4 F T & K T Injected(-)F £ % . H ¥l PpNSRV-1 5 &
ERNEGEKERELTREEBAZN ) FNEMAEL, EAZEF, 3
Xt # % % PpNSRV-1 9 Injected(+)F1 1~ % % #J Injected(-)¥f 4 4 /N V4T T 4%
TN F AT, LLARE PpNSRV-1 X H 4 4/ b 1 2 6 8 22 AL 4

1 AR5 %
L1 R EREAEREE

AN TR E BRI R ¥ & PpNSRV-1 # Injected(+) F1 1~ 4 5 2 &Y
Injected(-) ¥k 4 & /N ME R =, MBE/NBNEAXRFTERE —F 1.1, TRE
Injected(+) ¥ 47 4 /N 45 2% {5 1 1T 32 BUB & PpNSRV-1 A\ PpNSRV-1(-) & R &F &
BARAEE], VEA TR MR RS 2 Injected(-) ¥ 5 4 /N (Wang er al., 2017).,
& — R # AT & PpNSRV-1 #y qPCR A, & B4 5 0y Sk 4 4 /)N s e o o 8 75
ARMERETNR, ELREFEEZER =-NKNERFRETSF njected(H)FH K. F
# PpNSRV-1 #§ qPCR E ER N EE E —F 14,
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A FERE 12h A GEE A 0d) . 5d. 10d 7 15d BA& & # & Injected(+)
SRR o /N MR R B A, B BT A B 9 Injected(-)HE 4 4 /) R
EAMEA, BIMEREIAEL, FNMEERE S LS, A TRIzol L E
JE A R AE-80°C TR, FH 8 41 24 AMEE % T RNA-Seq X B &£ R %1k
M o
1.2 RNA-seq X 17 X 47

# Injected(+)F1 Injected(-) Y ¥5 4 -/ 45 M ¥ 09 24 /M4 & 4 Al 4042 RNA 5

BAT A, BB AL Ef RNA BIR SRR E —F 14, A48 HFMEE
HATIF . JFET HiSeq F &, x4 /N EAF 2 Bt 8] 54 F WA mRNA
HAT M F . 523 K JF Tllumina TruseqTM RNA sample prep Kit 77 v ¥ 4T L E M 2,
XEMBEHEERESEFZNE 1.2,
1.3 XERALH
SHBENE 1.3,
14 ZREHE GO f KEGG #% & £ 447
SBENE 1.4,
1.5 EFHmAXERZF %44 (WGCNA)

WAE WGCNA A2, FFTH 24 MR RNA-seq HEEME T EH#E X
W%, $RSEENE 1.5, BT EFASEHRTAE, FLEENEIEY
BT —ANEFE M R X EAEE, ] power 4732 B O AR K 1 48 T R 3 AT HEAE
e, BEREEN, EEEEREAXABATRENE., A5, WERIERLE
e, NEEMEERNTEEeaMAAEEZ AN X R, £T TOM &84+
EH#ATRERRESN, REREMRE, AT EHTERR S, P RE
BONESR AN Y 30, AFEREER 0.2, KT iPHEERIEELEFES PpNSRV-1
FEPE THIEA /NG E A, REFEHE hjected )L ELHELRNY 0
(FHEK) , THENBEAEAN 1 (o) . T—MERENEFYE
BA AW E ME, BE1HE ME fR 2 w2 %, BRAyY—MAE.
A S B A K GS AR K B MM, T GS A MM By A < M SRR A
K, wREAEZHNGS MM BAT 1, WA AN ZEESERFHHEMERR
AREWEAXKR, SEREBEEMEX. RAHEEREERANEFEHRZ
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NN [ B = 2 VA28 BRI JEE PpNSRV-1 UG 4 /NG RZmm 1 8% 53 28 A
WEER A KME>0.8 WEFEE N RFE R AL H, B/5, Fl cytoscape HY
cytoHUBBA it HH S E#E, REMMEFRIE A RAE

2 R4
2.1 #FALARRE SN FEHKE
MREGH LRGN FHHTHEEESRIT (5.1 , # PpNSRV-1 7 &
FM+4C 2 28 o 1 4 i 2 0 FM-XE BB 3% 24 M4 L3015 7 803,858,185 4 /&
BNFEHE, 23 24 HNFHE Q0 MET 2B AT 94%, N F R ERKIF.
5.1 HXANFFELIT

Table 5.1 Transcriptome sequencing yield

B4R A E FR¥%k (£) HEXK (bp) Error% Q30% GC%
FM-Pp0d-1  Control 30608569 4413357555  0.0125  94.61  44.45
FM-Pp0d-2  Control 30811050 4444960266  0.0125 9457  44.57
FM-Pp0d-3  Control 25150505 3611544246  0.0127 9442 4438
FM-Pp5d-2  Control 30600584 4417935793 0.0122  95.14 4491
FM-Pp5d-3  Control 32023961 4623711643 0.0121 9521  44.53
FM-Pp5d-4  Control 46424212 6749465469  0.0122  95.04  45.83
FM-Ppl0d-1  Control 35042336 5079836920  0.0121  95.15  43.66
FM-Pp10d-2  Control 42878624 6219628312  0.012 95.33  43.49
FM-Pp10d-3  Control 37166733 5385167142 0.012 95.31  43.39
FM-Pp15d-1  Control 41741043 6044064810  0.0123 9492  44.24
FM-Pp15d-2  Control 36171366 5252292049  0.012 95.24 4437
FM-Pp15d-3  Control 21486758 3100647657  0.0124  94.84  44.28
FM+Pp0d-1 ~ PpNSRV-1 26298715 3772752757  0.0126 9443  44.49
FM+Pp0d-2  PpNSRV-1 33405204 4803081616  0.0125  94.67  44.01
FM+Pp0d-3  PpNSRV-1 25847867 3708284152  0.0126  94.51  44.65
FM+Pp5d-1  PpNSRV-1 31993322 4621938444  0.0125 9459  44.48
FM+Pp5d-2  PpNSRV-1 31151644 4478457002  0.0127 9435  44.36
FM+Pp5d-3  PpNSRV-1 35123679 5087512808  0.0122 9495  44.75
FM+Pp10d-1 PpNSRV-1 29922354 4319261895  0.0122  95.14  43.53
FM+Pp10d-2 PpNSRV-1 31288108 4526567791 0.0121 9524  44.43
FM+Pp10d-3 PpNSRV-1 36170837 5253423120  0.012 9527  43.82
FM+Pp15d-1 PpNSRV-1 33267895 4815958697  0.0122  95.03  44.19
FM+Pp15d-3 PpNSRV-1 28607469 4105780250  0.0124 9479  43.83
FM+Pp15d-4 PpNSRV-1 50675350 7405754092  0.0124 9485 45.33
WE: Q30% : Phred #XfE AT 30 HyA & & BRB A B T 4 tb; Error %: A 1R £ GC %:

WE G CWHELMEENREREN T L

>t Q30%: percentage of bases with Phred

values greater than 30 to the total number of bases; Error %: base error rate; GC %: sum of the
number of bases G and C as a percentage of the total number of bases.
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2.2 %% PpNSRV-1 x{ & F & & B
MNEFRE FFAEEH#TERS> 2N (F S5IA) , GHAER 3 MNEgF
EERFOEE, BRI MTNEREE—MENFEL. AP LA B
TR, HINMCEEA I MGRANERELRRT, REBHELR, B4 4
oW B, Bl — B E B FM+4LFE 4 Fn FM-xt B4 3 7] B £ i PCL (42.9%) #AT
X4, FMHREHEE 0d HW=ANEEFRFE—Z£R, BEEN ELZHTA
PC2 (29.2%) 5 0d 9xf BRAH B#HATX 4 FM-X A # Sd Bt 8 “FM-Pp5d-
4 BAGHMANEEGEZR, HTERNEHRNE, ERENMFHKRT
—BAR, £ 4 MEGHEFE, FMIREAEN THBANZR XKL H YR D
(MEV)  HFSdMWERRBERRS, A I8 MNEERE LA, 73 M
FHEZETHE (H510 . AEREFXEFENEE] UFE Y, 7% PpNSRV-1 11 ¥
e/ NER RN E B RAFRAE RS ZRZIE ., N Z2RRAEFITOTL
LA — A2 E PpspopB 1 (PPU06594-RA) £ 4 A #34 T % T8 (& 5.1F) »
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B 5.1 %)% &F PpNSRV-1 W5 8§ & /N & 38 4 A7
Figure 5.1 Transcriptome analysis of P. puparum injected with PpNSRYV-1
E: (A HEPCALMER (B) 0dHEZRFZLEFKLE (O 5dHERFELRK
WA (D) 10d B ZREFAEFEKLE (B) 15dBEREFEEKLE (F) 2REAEH
4 B (A) Results of PCA analysis of samples (B) Volcano plot of DEGs at 0 d (C) Volcano plot
of DEGs at 5 d (D) Volcano plot of DEGs at 10 d (E) Volcano plot of DEGs at 15 d (F) Venn
diagram of DEGs

2.3 ZRRZEFEW GO f KEGG #E¥% g &£ 447

AT #—FREREE A /NE T HE PpNSRV-1 Eval £ 7 £k X FH o fk
MEEGHEYRBRETEE, FEHBERKZEFNH#TT GO M KEGG #
B ERME RSN, FERFELEFH#T GO BELI, £0d. 54 10d 8
HRATHEIALEES, REISINEEFERT 3 ES (H52) , 47
£ B F &£ B #3142 (Chitin catabolic process , GO:0006032) . &4 4 ff it 12

( Amino sugar catabolic process, GO:0046348) Fu& %] & 12 iz & 47 i 7 % Xt

T4 (Glucosamine-containing compound catabolic process, GO:1901072) .

Top 10 of GO terms Enrichment

glucosamine-containing compound catabolic process

amino sugar catabolic process ° GeneNumber
chitin catabolic process . 2
metabolic process E 23

E aminoglycan catabolic process Jog10(FDR)

8 carbohydrate derivative catabolic process W
carbohydrate metabolic process

organonitrogen compound catabolic process 12
chitin metabolic process -1.0

glucosamine-containing compound metabolic process

0.05 0.10

Rich Factor

B 52 ZRREEE GO FHTER

Figure 5.2 GO annotation of DEGs.
F: AFHYLTREZRFREAEFEEZ N GO T, # 44K K-logioFDR). The vertical
coordinates in the graph are the GO terms that differentially expressed genes were enriched to, and
the horizontal coordinates represent -logio(FDR).

Xt #E F kA EF AT KEGG B %, 0d % &% F 4 (FM+0d vs. FM-0d)
EZRELAFLEEER 52 MKEGG #E, EFp< 05898 44 (k52 , B
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REZGEEAELZFEERE AU FEA 2R XA AFANEEE R L EZH
W, HEFBETEF T KEGG # %,

k52 2RABEFKEGGC BEREELEF
Table 5.2 KEGG enrichment of DEGs

EREFH KX
gk  EEID KEGG & &
& % % e Es <
Eﬁiﬁf VS k004152  AMPK signaling pathway 2 68 0.249837
ko04910  Insulin signaling pathway 2 77 0.249837
ko05033  Nicotine addiction 1 10 0.249837
k004964 Prox1mal. tubule bicarbonate | 16 0.249837
reclamation
Eﬁfss(? VS k004514  Cell adhesion molecules (CAMs) 2 9 0.097918
ko04512  ECM-receptor interaction 2 20 0.249506
ko05414  Dilated cardiomyopathy (DCM) 2 25 0.258499
k004914 Pro gest@rone-medlated oocyte ) 43 0.305827
maturation
k004211 Longevity regulating pathway - ) 44 0.305827
mammal
ko04611  Platelet activation 2 44 0.305827
ko04724  Glutamatergic synapse 2 44 0.305827
k004072 Phospholipase D signaling > 55 0.305827
pathway
ko04145  Phagosome 2 57 0.305827
ko04140  Autophagy - animal 2 63 0.305827
k004723 Retrograde endocannabinoid ) 64 0.305827
signaling
ko05140  Leishmaniasis 1 9 0.305827
FM+10d
vs FM- ko05146  Amoebiasis 2 30 0.248495
10d
ko04744  Phototransduction 1 7 0.248495
ko04016  MAPK signaling pathway - plant 1 13 0.248495
FM+15d
vs FM- ko02024  Quorum sensing 2 39 0.213525
15d
k000520 Amino sugar apd nucleotide ) 55 0213525
sugar metabolism
ko00521  Streptomycin biosynthesis 1 9 0.216428
k004622 RIG-I-like receptor signaling | 12 0.216428

pathway
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2.4 EFpRERANELSH T (WGCNA)

HEERES NERFIAEANZRRBEIPNTERDT, TR AGHENZR
FKBEFLFEREEEEEH GO b fr KEGG ## . X9 PpNSRV-1 J&
FWAFAERR X A N K B R A2 P A B ZUE U, BT LA S PpNSRV-1
REIIRERA  NEFGEREANERRAETNTREMR. BAEM, X
BEFNMABETHRFESRRN ZRRAEFWFEIRE, EFEZRRITHEE
R FM, KT RGMEHIR A PPNSRV-1 J5 5 5| A8 8 i 4 /N s i 35 & 4 3
KMEZES, x4 MR EGRBEHE S~ £ W RNA-seq HEEHTT EH
AR 3k 2K 38 W 4 AT
241 HEIAEGNBNERLRENE

Jil % PpNSRV-1 J7 % i 4 4 4 /N RNA-seq KEEEWHET —MEFEE KR
% (E53), RAMBNET B MESFHARZERN AT XK, BE
AW EEFZ LW 2B — R, AEUNERBAT I G, ERENE FHAT
HEEWXI BT 34 NEHEHSR,

METEEXARENEZ G, dFrA#REEEe/ NEFGH X RH#TT M
KM AT, DL E TR AR S fr PpNSRV-1 %70 T 8 88 4 /N & 448 % (] 5.3 A).
REHER-ERAHEFEMEREERWAEE p &, £2HT 1 Mgk
PpNSRV-1 /7 T 8 4 /N K # 4 MR A < B4 1% 26 4% S black 3% . black 15 5t
A 500 MNEE, ZERTERNELESKE MR AME X,

4 black Bk FE — A HF S EREREERE (GS) GHRENEARHS
AR K (MM #iAE X, A# s EET (F530) o LA, black
R AXEASEERNE —£4F 0 1 WAL, GS i1 MM s A3 T
0.86, T i Z A * (p<0.05) . Xt B black # 3k e £ FH BE 5 H AR K B2
HARXGZEHR L EM KR, ERHE—F 2. black # 3k oy & £ 2 5 A0y &
A PpGCC2 (PPUI3656-RA)

# % black B B 4 A4 B 5, 32 F] cytoscape 3 T £ cytoHubba 7 i black
B AR A EH (E 4.12) , iHH T MCC. DMNC. Degree % 12 54, 1
B EEHENE T EBHHTHS, ikl Degree H 2 F A EF N £
ERAWEHRAELE, WEMAEFE T KEGG BEEEMN (£ 52 .
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TR AL E T EE R8T =A#%, 272 8% (Autophagy-animal) . p53
E 5@ B F Kk EH (Amoebiasis) o

A Eigengene adjacency heatmap B Module-trait relationships
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Figure 5.3 Weighted gene co-expression network analysis.

E: (A EHREEmE (MEs) WERREKE, DRz Ak R, £MNA0RITEEF
BRI AR, HRWRERTE - ek, AEFLZERTHAEE (~+D) , BE
FRBAREE (~0) o (B) BBt RERE, F—ATHE - MEHRHRALRE (ME),
EHhW L FEREZMAXFHERFIT. P REWERZHRFL I EFFRK. %
TERILT X —BRERFGWHELEN p B, ¥ p BEFEFFIFE, p<0.05 ZTZE
hEKAFGUEREEMER. BEXTAMX (~ -1, LERTERAMERZ B HIEMX

(~ +1); (C) black EH#E GS 1 MM WA X R A E. FNART—MESRER (BT
HE ) 42| & /MESR , (A) Hierarchical clustering diagram of module eigengenes (MEs) showing
the relationship between modules, with each color block on the left and bottom indicating a module,
and the same color indicating the same block. Red in the heatmap indicates high adjacency (~ +1)
and blue indicates low adjacency (~ 0). (B) Module-trait correlation heatmap. Each row is a module
eigengene (ME), and the names of the modules are marked with text and color blocks on the left
side of the heatmap. The vertical column represents the trait of long lifespan of P. puparum. The
correlation and p-value of this module with longevity are marked in each cell, where p-values are
indicated in parentheses and p<0.05 indicates that the module is significantly correlated with the
longevity trait. Blue indicates negative correlations (~ -1) and red indicates positive correlations (~
+ 1) between the module and the trait; (C) scatter plot of correlations between GS and MM for the
black module. Each point indicates a module member (i.e. gene) assigned to each module.
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%% 5.3 black #3RH A F 20 Wy EF
Table 5.3 Top 20 genes of black module

X F ID MCC DMNC MNC Degree EPC gzztlie :'Eizi(t:;nt Closeness Radiality Betweenness Stress g:)l;s&fg:ngt
PPUO05921-RA 214 0.13 51 59 87.32 4 0.24 260.08 3.88 8705.52 66932 0.06
PPU15957-RA 146  0.11 44 50 81.23 11 0.24 250.58 3.80 4230.23 38436 0.06
PPU14753-RA 133 0.11 41 50 79.41 7 0.33 249.00 3.78 4518.62 41296 0.05
PPU10887-RA 167  0.12 45 50 82.66 3 0.24 251.75 3.82 494572 42754 0.07
PPU16749-RA 130  0.12 40 46 73.87 14 0.24 246.92 3.77 3536.09 32422 0.06
PPU09686-RA 168 0.14 40 44 77.24 2 0.24 249.42 3.81 3194.16 31968 0.08
PPU00386-RA 113 0.13 34 43 71.67 1 0.24 246.00 3.77 3638.64 30958 0.06
PPU00280-RA 121 0.11 38 43 73.50 1 0.33 245.33 3.77 3375.84 30166 0.06
PPUO05391-RA 93  0.12 31 42 69.40 2 0.24 24275 3.74 4090.58 31782 0.05
PPU03766-RA 113 0.13 34 41 68.78 1 0.24 242.42 3.74 3260.60 27570 0.06
PPU02203-RA 75  0.10 30 41 67.30 1 0.24 242.50 3.74 442242 32936 0.04
PPU13656-RA 100 0.13 30 40 70.76 5 0.24 240.08 3.71 2992.53 25844 0.06
PPU09202-RA 113 0.13 35 40 72.52 3 0.24 245.58 3.78 3318.62 29880 0.07
PPU06527-RA 95  0.12 31 40 71.88 1 0.24 242.50 3.74 2898.08 26846 0.06
PPUO06017-RA 99  0.11 35 40 69.62 1 0.24 242.08 3.74 2986.08 27054 0.06
PPU00209-RA 94 0.13 30 40 70.18 2 0.24 244.75 3.77 4541.92 34378 0.05
PPU14766-RA 87 0.12 31 38 69.39 4 0.24 238.75 3.71 2885.88 24624 0.06
PPU16861-RA 102 0.16 25 37 67.81 16 0.24 238.00 3.70 2772772 23452 0.06
PPU16764-RA 60 0.11 22 37 65.97 17 0.24 233.00 3.04 3049.86 23740 0.04
PPU16748-RA 71 0.11 28 37 64.44 12 0.24 237.33 3.69 3673.02 29358 0.05

VE: RHYE CytoHubba # (T 12 M 3E4 47 ikt B, #[F 3% Degree # % . The genes are ranked by Degree, calculated according to 12 topological analysis
methods provided by CytoHubba.
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KEGG enrichment barplot

Autophagy - animal - [ 168
p53 signaling pathway - FEY 1 48
Amoebiasis - I 148
Cellular senescence - I 1 29
AMPK signaling pathway - [ 1 29
Phospholipase D signaling pathway | I 1 29
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Human cytomegalovirus infection | I 129
Longevity regulating pathway - mammal | EE 1 29
Thyroid hormone signaling pathway -{ FE 120
Insulin signaling pathway - I 108
PI3K-Akt signaling pathway - I 1 24

Human papillomavirus infection -| I 0.03

Rheumatoid arthritis -{ I .02

Thermogenesis - I 0.92

Antigen processing and presentation -| I 0.92
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B 5.4 EFFRZMERAEEN KEGG B EL T
Figure 5.4 KEGG enrichment analysis of hub genes.

3 ik

AERFBHT HmE PpNSRV-1 50714 i 2 o B 50 4 /) e M o 1y Ak ok
BHATT RNANF. BLEmRENNFTERE GO ERAKE, HHTEFE
T2NATUEBER Sz R kA EH ., EHE L/ NEBENZR I, £
STHENEFRKELZR L BN S . PospopB | EHEEEN A4 N EHRIEWT
W, AxAEAETANBAMEZE THIILEHN 1/2 £ 4 . PpspopB_1 Bl Speckle-
type BIB/POZ & &, HFREFERED —f E3-12 % £ 80 A 61K 0 kMR A&
B. BRI AAR 30 MEARKLE LN B3-ZFEEWMEGHRNZENRY
(Maekawa and Higashiyama, 2020). 2 & .2 —f& g iy 8F 5516, 21L&
I 2 B BRIE . RHEAMEFBES ™ EWERE (Popovicetal.,2014),
spopB = 4NEM DNA G H16 E 2 & Fr0 % # (Maekawa and Higashiyama,
2020), 74N, spopB T 5% F FHF PDX1 4 b fbk Bz B Ak GEs k&R,
i 47 %] PDX1/IPF1 ¥ &= (40 fi & % ) B9 %% K #7E (Ostertag et al., 2019). PpspopB_1
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W E T RERE PPNSRV-1 By R Ltk a4 N ik T HE, HRAFE
WIIE & 15 R R Al A AR R R
KBEREFANAEBER G X T ERER L/ NEHGHAEE A, K
PpCRYAB. PpFAR ¥4 5Bt g R M WER KL ELR E L. XA
% ¢ Rk F#AT GO 1 KEGG &8 & 44T, B4R A X B F R K (g>0.05),
B p<0.05 fRit 2| TR B &+ T HHHATER (ko04211) 15 % & H =48
XHI AMPK 55 #% (ko04152) . E##&#A (ko04140) 1 MAPK fz 5 %
(ko04016) 4. J& [F 7] fk & 5 % PpNSRV-1 % & 4 d By B AR 4 F A F B 3 1
BIZL, BASIRTH LA HAXERNEZR KL, B4 T 5RENYHEA L
Bk e R E, Bk, WETAAERENMRERENE, HER XEER
black #H R AMAEF, WAEFL EFEE2 T B, p53 @B Fu KT
o B ANRE FE R R R A E SR, Bl A pS3 E FEEA L Ay
W& e E I A, k¥ %E PpNSRV-1 FaEit B3| LT #iFs
N F A ETIEK
¥ & iR ArE & PpNSRV-1 FiAP T B &4 TH M & /NEay e KA H#ATHE,

KT — ek Ewym A E, TER A E G HSP fn R & 588 CathL. "9 i &
1B e HSP * & & PpHSP70. PpHSP90 %2 PpCRYAB, ¥ i J% % PpNSRV-1 #y HSP
T E R PpCRYAB. PpCathl, W R ¥ ERNMFHTLE L, MERS
PpNSRV-1 BRL A4 TR E TH. X — % F#H —F KA T PpCathl % [FHI7E 5L #
A2 R AR L
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FNFE 3 FA A o B IR R R /N e R

RESEREARGE RS/ NEF G ETER Y &, RPN ET EEF 4N
KEEFERT TOR F5BHEFo i 12, #HRAPNERKH, A4
THEe/ | EFEZRRANEAEFAEFGRAERE L, REMNEN— I XEE
Fl PpELL 7] ¢ & # 1{ p53 3, FOXO 7 5 #@ B 2 HE . Kia/ NEER LR ZH
PpNSRV-1 5, HEFN KA ML X BEFE L a3 F p53 5 5 BB LEME
Flo VL b4 RSB REA T 0 SRS E A A A5 AR K B M5 5 3 B R A L I
e/ NEFGmT R ER U LEEEFANIIRAE L ERTLENREELS
Y1, tnE & E (Rapamycin) 1E % —F TOR #7#| 7| B4 /2 Fl T % £ 40 X KA
97677 (Kaeberlein, 2014). g1 3 % B, (Trametinib) & MAPK/ERK i# % F #4474
F, $IEAT L ELEKRE T F UMW H G (Slack e al, 2015),

aoh, EREBWEENRNL B FFE PpNSRV-1 B X # % & IR 4| F F
BT, PpCathL &ZILH T A LW A, 7 35°CT, PpCathL Wiei K48 42 7
XSRS /N FF r, IR T HoR A, (B [F B % % F % & PpNSRV-1 1E
TR¥ZERETH, ke EFGER, UFESNTHERETEENKE,
BT CathL 12 RIE & 4 50 3 R 4o b p (R a1 L, AR B0 0 B & R 41
— G A BB Cathl EIEH AR LR P A 2MER, EHI A AR EFH LT
T4 % (Gomes et al.,2020), TEARE F, ANF WA T 15 & A o A6 K 2= [ oy 17 1)
FIEI 4/ NEK F BT I
1 AR5 %

1.1 REFAEHFG LR

Wime /N NERENEATESE S —F 11, KB/ EEETNE LR
£ REE P, XRARBEWEHEERE (CAFE) (Jaetal,2007), i iT 1 7 &
4% PN B e A% (1B100F-3; WPL, Sarasota, Florida) # ¥ kK &4 fngh4y, =2
WREHYMABEHABERNBH, £=AFL, EMNEEFEE 10 LHENLA
W e NERE R, BANRBER ZRFFER . BT 2 E NI AR
PR AR AR R Y, BESNRA, RBEMERANNRERE T, TXE
HMBESARNEE, WeERAKERERFR, RIEGE TN EE B HRH
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HE. FIOREHLELEREEFEN,
1.2 24 4 o Y W T

A F BB 404 7 F 18 E % Rapamycin, # % % & Trametinib #1741 41
B Bg 37 ] 7| CathepsinI (Selleck, FE). REFEEWAREEFLNFTNLE,
R A B A VR 10 WM, B 58 — F £ TR (DMSO) BE # &k, B 5 A 10%
FHEA (VIV) #R R AEE 10 M. BRI R AT

1) 14 5 mg Rapamycin # & # iz X 0.05469 ml DMSO B4 Z % 105 upM #y
B, ZRAOBAEE 1 pl i A 9,999 ul # 10% EiE AR EEZ 10 pM, 1EH
Rapamycin 4 3 4, B 1 Wl DMSO A1\ 9,999 ul B 10 % B 4% A 4 7 7 % B4

2) 1 10 mg Trametinib # &K # Ap A\ 0.27083 ml DMSO B %% & H 3%10* uM
B, P ERE RSB wl B AN 2,999 ul B 10% ERE AR B E] 10 uM, 1E
A Trametinib 4 #4L, Bl 1 ul DMSO A7\ 2,999 ul #7 10 % & ¥ A A v 7 %t B
H

3) 1 5 mg Cathepsin I # K # w A 0.124412 ml DMSO EC#|¥K B A 105 uM
BOEF R, A VARG 1 pl B AN 9,999 ul By 10% EAE AR ] 10 pM, 1E
4 Cathepsin inhibitor 4 ¥ 4L, F 1 ul DMSO 1\ 9,999 ul 7 10 % B 4E K1 A &
U B

& 6.1 AT B oy &R
Table 6.1 Inhibitors used in this chapter

EirEH R
Rapamycin TOR (Edwards and —7#f4F i TOR #%|7|, % HEK293 4
Wandless, 2007) s, ICso 7~0.1 nM,
Trametinib MEK1/2 (Yamaguchi et T¢ 240 g 150 1C50 4 0.92 nM/1.8 nM,
al., 2011) %t c-Raf, B-Raf, ERK1/2 % H 44|
Mo WS EmAEFAT,
Cathepsin I Cathepsin L (Asaad et —#¥ Cathepsin (L, L2, S, K, B)# #7 4]
al., 2009) #, pIlCso 7l % 7.9, 6.7, 6.0, 5.5.
5.20

1.3 &4
GHREENERAEWFELNTHE, XA Levene’s i iT 7 £
WE R R, #E £t MEXAHAEARELSNAERNNE IR E
0 Student’s 7 e, 447 1L A2 6 F B9 54 & IBM SPSS Statistics for Mac (Version
25.0; https://www.ibm.com/products/spss-statistics) o ar 4 ¥ Z & S 1B A= 77 o 4%
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Fu A% 4k & 6 | 2 8 GraphPad Prism 6 for mac % #|. 4 % 4 #7 % F Log-rank
(Mantel-Cox) %, DA p<0.05 A ZRT%E.
2 ERE4M
2.1 3 A0 X R 2 /N B R B W R

IR oy DR Ao SR SR E R T AEER], P REA s - A E R B
FRER. BF 31k, FAENRRELTWEAS, A ERHITT
AU/ NEME R ETRE A ME A RNEE (K 62). ERXAETMEE,
W x & RAARE G A ZmE RS NENR R E (p>0.05), EATX
Wi e/ NEF AT TS EHRR K.

R 6.2 RRL X G/ NEF R BWRH
Table 6.2 Effect of inhibitors on food intake of P. puparum

FHEHBRRE /W #EE (SD) pfE

Control 0.2597 0.11365 0.181
Rapamycin 0.2991 0.09551
Control 0.2085 0.14464 0.721
Trametinib 0.1945 0.12383
Control 0.2597 0.11365 0.573
Cathepsin | 0.278 0.11929

2.2 3 A A AR S0 O R R XS RO 2N R A R

MBI A B, Rf 3 MG A NEREGH B EEK (H 6.1
fik 63). EMEFNEBHNTHEGEMT 34%, PULEHEMT 35%
(p=0.0103, & 6.1A), HEHERAELANWFIHFREK T 56%LL L, FFa
BB KIAE] T 165% (p=0.0045, & 6.1B). H4E GBI 7 EH FH &k
7 51%, FAEaEimT 70% (p=0.0003, & 6.1C).
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A B
100 —— Control 100 —— Control
S ] —— Rapamycin —— Trametinib
2
2
£ 507 50
3 ]
[
o
0 T T T 1 0 T T T 1
0 20 40 60 80 0 20 40 60 80
C days
100—; —— Control
g —— Cathepsin |
2
%
€ 504
g ]
a
0 ] 1 1 1 1
0 20 40 60 80
days
T 6.1 304 7 %4 55 08 /N i A Y ROV
Figure 6.1 Survival curves of P. puparum fed with inhibitors
&R 6.3 T X BRI & /N A O RO
Table 6.3 Lifespan of P. puparum fed with inhibitors
FHEE/d HAEA /d pa
Control 223 20 0.0103
Rapamycin 29.9 27
Control 18.8 10 0.0045
Trametinib 29.4 26.5
Control 223 20 0.0003
Cathepsin 33.7 34
3 Wk

RFRLF T W AR R T AN SR AT S K, AN
B EHATHRETEHN G, FAEE O REGYEZRWERLA, M EFaEX
EHMMEAAAEEFRLGTEZLERKERS/NENF G (p<0.05) . ZHHH
KERBXRFRENRBEL AN REGETHAT R, EHEL. B EH
A G GBI R E 3 A 10 uM, BT 4 /N B T34 & 4 o B E
KT 34%. 56%F1 51%. EFFRIERET, x5 RaEHIERARLT,
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BEHRERNZ, PpCathl ME A E 25°CIEFEN T N &F A ELAREEN

W& % Al . Covid-19 B #F 58 Rk BH Cathl 5 i B B e 33 12 fn % F % A %, CathlL
EH T E SARS-CoV-2 HNFTHMMWEZH =, ZEFTEN—TiETE

& (Gomesetal.,2020), E%MEF, Higsih T4 PpCathl KT E 4% E T

WS NE A G, MAZTFARZORSALEAWMINFAEEG L ELK,
X GERE N T PpCathl EH 4 HEFHERTHEKMTERN, LEFHERN

BYWAERAGFARRAHN, BREXZECRRFTAEERESN, ME

HABTHERLERREFHN. BORW, R RIESET TOR. MEK F9 CathL

EAF AR EE IR T I e NE R EE AR
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FLE RS

1 RF e/ N EFaHcBREER

Wi e NEREG T ENBAETRESHEANAREGRAENFRET
TRERGRR. EEEAENAFRER N ER M F e HEEHFS, RE
ERT R e/ N 229 MrW FaE A LR, X WEFE [IS-PI3K/Akt #
% . TOR # 4 . MAPK/ERK # #f1 AMPK # 7% 0 Mz S8 %0 B o . B
PAREE = A EELRPLEEM TN T XLEFANRFENBIAINT ©
MR rER, R EWERKAGA TR HRAWER R L ERE.

2 e NER FGNRHEF

ERFH REFRERENNAEGRAER, BUIBERERSGEFL N8
KAWEPHR, ZAEARFEZHTEEFWXEEEERT TOR 5 &
B A R L AR, AR T 6 ANE I AR R AR A B F A AE X B H, 4 A& PpPTEN,
PpSODI-1. PpSODI-3., PpTSC2-2, PpHDACI #1 PpTSC2-3, *t# 5k 4 1 T
e /NEHTHETANT, 2 MEREKAMEARENEEEERE HSPT0,
HSP90 fo CRYAB %##EH. ANHM T2 RBWNEREF EHF G RERE
FoEAEERANE LS E 3N REEE, 252 PpXAPS . PpELL 77 PpCathL .
Wb NEERLKE PpNSRV-1 5, HERRAMENABEFET g5l
A ps3 FERELER. XAARMWIRRTERLH. BREMLEERH
PpNSRV-1 *f ¥ 4 4 /| ¥ 75 4 09 16 I LA o

3 FEKURIR S /N R B A A

MNEFREM. BEMELERE PPNSRV-1 Zf F 4 REHZWHARKH, W1
B EF G FER AN E S REEE TR LA KE L N NEF AT UL
BHREFANAAANFTFLECUTAEANRELEY, AFETEWNESR
(Rapamycin) ., #h 3 # /2 (Trametinib) 1 48 23 & & ¥ 4 | 77| ( Cathepsin Inhibitor)
WATZ DA s te, HAIRELR N 10pM, A1 58S NER T Z 6o
FIIEKT 34%. 56%H 51%, RARKAETMEF . =5 AL E g
FEFaMALEROTAANFTLR TEKF £EF 4,
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4 R RAFZL
CGEAEHERERAKREEE T RE S NEWF G R EE R EF;
2. MEF, A Aot £ E PpNSRV-1 R Qo s i 4 Nk, XA £ 587 %,
BT eI R A& e g,
AR T B AR M AN Rk G B R g 2R H 1B Bl T TOR 15 538 B A R
T2 A AGTERT AL ps3 1 FOXO 5% L EMEA, #%5ET
HEh & M A E T, 4 B & PpXAPS5. PpELL v PpCathL; 3§ 4/ 12 R4 g
# PpNSRV-1 &, W 8% LB F0 p53 15 5 i B 1 4T v AL ;
4. MR FGEAEETRAERT REL N NEWREFES, HHTEWEE . d
ERRMAREOBNFAANGTEHTERFEE R EF 6,

5 FRZASRKFRE T H

1. k%% PpNSRV-1 3| & & & & K WAR 4 2 F #47 LR 10 4iF

2. EAREREKES NEL, FIABEFIIRFERISTEFNARLE
K, AR RL R B R R 2 18] B RE & o BRAX T N E A R

3. SR HEME S E R

4. AR UFFAEERBEARIEE X Fa LD, FERKEFEER R,

109



AN L e A7 Z 253k

5% X

BB, FEE, FHEME A (2019) EEE RS RN B R AR F
W, RAF R 36: 486-492.

HEE (1983) FEXMEFAERRAE. Z£FH 26:287-294.

ZG, ANE R, EXS, Mh%E, KEMEAEZRE (2018) 4 1 HNRE F AT ER
WO ST N, BRI F IR 45:208-213.

BAE, HA&, #¥ie, BRAMPIWZ (2013) £ FE REXN 4wk F /N
N BRI, YRS 39: T7-79.

Altintas O., Park S. and Lee S.J. (2016) The role of insulin/IGF-1 signaling in the
longevity of model invertebrates, C. elegans and D. melanogaster. BMB Rep 49:
81-92.

Alto B.W., Civana A., Wiggins K., Eastmond B. and Shin D. (2020) Effect of oral
infection of mayaro virus on fitness correlates and expression of immune related
genes in Aedes aegypti. Viruses 12: 719.

Alvarez-Suarez J., Miguel, Tulipani S., Romandini S., Bertoli E. and Battino M. (2010)
Contribution of honey in nutrition and human health: a review. Mediterr J Nutr
Metab 3: 15-23.

Antikainen H., Driscoll M., Haspel G. and Dobrowolski R. (2017) TOR-mediated
regulation of metabolism in aging. Aging Cell 16: 1219-1233.

Anver S., Roguev A., Zofall M., Krogan N.J., Grewal S.I. and Harmer S.L. (2014) Yeast
X-chromosome-associated protein 5 (Xap5) functions with H2A.Z to suppress
aberrant transcripts. EMBO Rep 15: 894-902.

Arking R., Buck S., Novoseltev V.N., Hwangbo D.S. and Lane M. (2002) Genomic
plasticity, energy allocations, and the extended longevity phenotypes of
Drosophila. Ageing Res Rev 1: 209-228.

Asaad N., Bethel P.A., Coulson M.D., Dawson J.E., Ford S.J., Gerhardt S., et al. (2009)
Dipeptidyl nitrile inhibitors of Cathepsin L. Bioorg Med Chem Lett 19: 4280-
4283.

Azzouz H., Giordanengo P., Wackers F.L. and Kaiser L. (2004) Effects of feeding
frequency and sugar concentration on behavior and longevity of the adult aphid
parasitoid: Aphidius ervi (Haliday) (Hymenoptera : Braconidae). Biol Control
31: 445-452.

Bai H., Kang P., Hernandez A.M. and Tatar M. (2013) Activin signaling targeted by
insulin/dFOXO regulates aging and muscle proteostasis in Drosophila. PLoS
Genet 9: €1003941.

Bai H., Kang P. and Tatar M. (2012) Drosophila insulin-like peptide-6 (dilp6)
expression from fat body extends lifespan and represses secretion of Drosophila
insulin-like peptide-2 from the brain. Aging Cell 11: 978-985.

Balan V., Miller G.S., Kaplun L., Balan K., Chong Z.Z., Li F,, et al. (2008) Life span
extension and neuronal cell protection by Drosophila nicotinamidase. J Biol
Chem 283: 27810-27819.

Bauer J.H., Chang C., Morris S.N., Hozier S., Andersen S., Waitzman J.S., et al. (2007)
Expression of dominant-negative Dmp53 in the adult fly brain inhibits insulin
signaling. Proc Natl Acad Sci U S A 104: 13355-13360.

Beere H.M., Wolf B.B., Cain K., Mosser D.D., Mahboubi A., Kuwana T., et al. (2000)
Heat-shock protein 70 inhibits apoptosis by preventing recruitment of

110



AN L e A7 Z 253k

procaspase-9 to the Apaf-1 apoptosome. Nat Cell Biol 2: 469-475.

Beg A.A., Sha W.C., Bronson R.T., Ghosh S. and Baltimore D. (1995) Embryonic
lethality and liver degeneration in mice lacking the RelA component of NF-
kappa B. Nature 376: 167-170.

Bettedi L. and Foukas L.C. (2017) Growth factor, energy and nutrient sensing signalling
pathways in metabolic ageing. Biogerontology 18: 913-929.

Biteau B., Karpac J., Supoyo S., Degennaro M., Lehmann R. and Jasper H. (2010)
Lifespan extension by preserving proliferative homeostasis in Drosophila.
PLoS Genet 6: €1001159.

Bitto A., Wang A.M., Bennett C.F. and Kaeberlein M. (2015) Biochemical Genetic
Pathways that Modulate Aging in Multiple Species. Cold Spring Harb Perspect
Med §: a025114.

Bjorksten J. (1968) The crosslinkage theory of aging. J Am Geriatr Soc 16: 408-427.

Bolukbasi E., Khericha M., Regan J.C., Ivanov D.K., Adcott J., Dyson M.C., et al.
(2017) Intestinal Fork Head regulates nutrient absorption and promotes
longevity. Cell Rep 21: 641-653.

Boord J.B., Maeda K., Makowski L., Babaev V.R., Fazio S., Linton M.F,, et al. (2004)
Combined adipocyte-macrophage fatty acid-binding protein deficiency
improves metabolism, atherosclerosis, and survival in apolipoprotein E-
deficient mice. Circulation 110: 1492-1498.

Boulianne G.L. (2001) Neuronal regulation of lifespan: clues from flies and worms.
Mech Ageing Dev 122: 883-894.

Broughton S., Alic N., Slack C., Bass T., Ikeya T., Vinti G., et al. (2008) Reduction of
DILP2 in Drosophila triages a metabolic phenotype from lifespan revealing
redundancy and compensation among DILPs. PLoS ONE 3: e3721.

Burkewitz K., Zhang Y. and Mair W.B. (2014) AMPK at the nexus of energetics and
aging. Cell Metab 20: 10-25.

Burnet F.M. (1974) Intrinsic mutagenesis: a genetic basis of ageing. Pathology 6: 1-11.

CaiJ., Ye G. and Hu C. (2004) Parasitism of Pieris rapae (Lepidoptera: Pieridae) by a
pupal endoparasitoid, Pteromalus puparum (Hymenoptera: Pteromalidae):
effects of parasitization and venom on host hemocytes. J Insect Physiol 50: 315-
322.

Cao Y., Liu X., LiY,, Lu Y., Zhong H., Jiang W., et al. (2017) Cathepsin L activity
correlates with proteinuria in chronic kidney disease in humans. Int Urol
Nephrol 49: 1409-1417.

Carey J.R. (2001) Demographic mechanisms for the evolution of long life in social
insects. Exp Gerontol 36: 713-722.

Cerami A. (1985) Hypothesis. Glucose as a mediator of aging. J Am Geriatr Soc 33:
626-634.

Chan E.Y. (2012) Regulation and function of uncoordinated-51 like kinase proteins.
Antioxid Redox Signal 17: 775-785.

Chantranupong L., Wolfson R.L. and Sabatini D.M. (2015) Nutrient-sensing
mechanisms across evolution. Cell 161: 67-83.

Chavous D.A., Jackson F.R. and O'Connor C.M. (2001) Extension of the Drosophila
lifespan by overexpression of a protein repair methyltransferase. Proc Natl Acad
Sci US A 98: 14814-14818.

Chen C., Chen H., Zhang Y., Thomas H.R., Frank M.H., He Y., et al. (2020) TBtools:
an integrative toolkit developed for interactive analyses of big biological data.
Mol Plant 13: 1194-1202.

Chin C.H., Chen S.H., Wu H.H., Ho C.W., Ko M.T. and Lin C.Y. (2014) cytoHubba:

111



AN L e A7 Z 253k

identifying hub objects and sub-networks from complex interactome. BMC Syst
Biol 8: S11.

Chirumbolo S. (2012) Possible role of NF-kB in hormesis during ageing.
Biogerontology 13: 637-646.

Clancy D.J., Gems D., Harshman L.G., Oldham S., Stocker H., Hafen E., et al. (2001)
Extension of life-span by loss of CHICO, a Drosophila insulin receptor
substrate protein. Science 292: 104-106.

Clare D.K. and Saibil H.R. (2013) ATP-driven molecular chaperone machines.
Biopolymers 99: 846-859.

Cristofalo V.J., Gerhard G.S. and Pignolo R.J. (1994) Molecular biology of aging. Surg
Clin North Am 74: 1-21.

Dalton T.P., Dieter M.Z., Yang Y., Shertzer H.G. and Nebert D.W. (2000) Knockout of
the mouse glutamate cysteine ligase catalytic subunit (Gclc) gene: embryonic
lethal when homozygous, and proposed model for moderate glutathione
deficiency when heterozygous. Biochem Biophys Res Commun 279: 324-329.

Dang W. (2014) The controversial world of sirtuins. Drug Discov Today Technol 12:
€9-el7.

Demontis F. and Perrimon N. (2010) FOXO/4E-BP signaling in Drosophila muscles
regulates organism-wide proteostasis during aging. Cell 143: 813-825.
Edmunds L.N., Jr. (1978) Clocked cell cycle clocks: implications toward

chronopharmacology and aging. Adv Exp Med Biol 108: 125-184.

Edwards S.R. and Wandless T.J. (2007) The rapamycin-binding domain of the protein
kinase mammalian target of rapamycin is a destabilizing domain. J Biol Chem
282: 13395-13401.

Eissenberg J.C., Ma J., Gerber M.A., Christensen A., Kennison J.A. and Shilatifard A.
(2002) dELL is an essential RNA polymerase II elongation factor with a general
role in development. Proc Natl Acad Sci U S A 99: 9894-9899.

Ellison C.T., Vandenbussche F., Van Der Stracten D. and Harmer S.L. (2011) XAP5
CIRCADIAN TIMEKEEPER regulates ethylene responses in aerial tissues of
Arabidopsis. Plant Physiol 155: 988-999.

Farmer K.J. and Sohal R.S. (1987) Effects of ambient temperature on free radical
generation, antioxidant defenses and life span in the adult housefly, Musca
domestica. Exp Gerontol 22: 59-65.

Flatt T. and Kawecki T.J. (2007) Juvenile hormone as a regulator of the trade-off
between reproduction and life span in Drosophila melanogaster. Evolution 61:
1980-1991.

Fonovi¢ M. and Turk B. (2014) Cysteine cathepsins and extracellular matrix
degradation. Biochim Biophys Acta 1840: 2560-2570.

Fontana L., Partridge L. and Longo V.D. (2010) Extending healthy life span—from
yeast to humans. Science 328: 321-326.

Funakoshi M., Tsuda M., Muramatsu K., Hatsuda H., Morishita S. and Aigaki T. (2011)
A gain-of-function screen identifies wdb and /kb1 as lifespan-extending genes
in Drosophila. Biochem Biophys Res Commun 405: 667-672.

Gallant J., Kurland C., Parker J., Holliday R. and Rosenberger R. (1997) The error
catastrophe theory of aging point counterpoint. Exp Gerontol 32: 333-346.

Gao X. and Pan D. (2001) 7SCI and 7SC2 tumor suppressors antagonize insulin
signaling in cell growth. Genes Dev 15: 1383-1392.

Ghazi A., Henis-Korenblit S. and Kenyon C. (2009) A transcription elongation factor
that links signals from the reproductive system to lifespan extension in
Caenorhabditis elegans. PLoS Genet 5: €1000639.

112



AN L e A7 Z 253k

Giannakou M.E., Goss M., Jiinger M.A., Hafen E., Leevers S.J. and Partridge L. (2004)
Long-lived Drosophila with overexpressed dFOXO in adult fat body. Science
305: 361.

Giannakou M.E. and Partridge L. (2004) The interaction between FOXO and SIRT1:
tipping the balance towards survival. Trends Cell Biol 14: 408-412.

Giblin W., Skinner M.E. and Lombard D.B. (2014) Sirtuins: guardians of mammalian
healthspan. Trends Genet 30: 271-286.

Goberdhan D.C., Paricio N., Goodman E.C., Mlodzik M. and Wilson C. (1999)
Drosophila tumor suppressor PTEN controls cell size and number by
antagonizing the Chico/PI3-kinase signaling pathway. Genes Dev 13: 3244-
3258.

Godfray H.C.J. (1994) Parasitoids: behavioral and evolutionary ecology. i-ix, 1-473
pp.

Goldsmith T.C. (2017) Externally Regulated Programmed Aging and Effects of
Population Stress on Mammal Lifespan. Biochemistry. Biokhimiia 82: 1430-
1434.

Gomes C.P.,, Fernandes D.E., Casimiro F., da Mata G.F., Passos M.T., Varela P, et al.
(2020) Cathepsin L in COVID-19: from pharmacological evidences to genetics.
Front Cell Infect Microbiol 10: 589505.

Grabowska W., Sikora E. and Bielak-Zmijewska A. (2017) Sirtuins, a promising target
in slowing down the ageing process. Biogerontology 18: 447-476.

Gronke S., Clarke D.F., Broughton S., Andrews T.D. and Partridge L. (2010) Molecular
evolution and functional characterization of Drosophila insulin-like peptides.
PLoS Genet 6: €1000857.

Guo T., Nan Z., Miao C., Jin X., Yang W., Wang Z., et al. (2019) The autophagy-related
gene Atgl01 in Drosophila regulates both neuron and midgut homeostasis. J
Biol Chem 294: 5666-5676.

Gwinn D.M., Shackelford D.B., Egan D.F., Mihaylova M.M., Mery A., Vasquez D.S,,
et al. (2008) AMPK phosphorylation of raptor mediates a metabolic checkpoint.
Mol Cell 30: 214-226.

Ha M.K., Soo Cho J., Baik O.R., Lee K.H., Koo H.S. and Chung K.Y. (2006)
Caenorhabditis elegans as a screening tool for the endothelial cell-derived
putative aging-related proteins detected by proteomic analysis. Proteomics 6:
3339-3351.

Hansen M. (2016) Autophagy and Ageing. In: Ageing: Lessons from C. elegans (Olsen,
A and Gill, MS, eds.). Vol. 5, pp. 331-354. Springer International Publishing,
Cham.

Harman D. (1981) The aging process. Proc Natl Acad Sci U S A 78: 7124-7128.

Hart R.W. and Setlow R.B. (1975) DNA repair and life span of mammals. Basic Life
Sci 5b: 801-804.

Harvey J.A., Cloutier J., Visser B., Ellers J., Wackers F.L. and Gols R. (2012) The effect
of different dietary sugars and honey on longevity and fecundity in two
hyperparasitoid wasps. J Insect Physiol 58: 816-823.

Hashimoto Y., Ookuma S. and Nishida E. (2009) Lifespan extension by suppression of
autophagy genes in Caenorhabditis elegans. Genes Cells 14: 717-726.
Heimpel G.E., Rosenheim J.A. and Kattari D. (1997) Adult feeding and lifetime
reproductive success in the parasitoid Aphytis melinus. Entomol Exp Appl 83:

305-315.

Hoffmann A.A., Serensen J.G. and Loeschcke V. (2003) Adaptation of Drosophila to

temperature extremes: bringing together quantitative and molecular approaches.

113



AN L e A7 Z 253k

J Therm Biol 28: 175-216.

Hoffmann J., Romey R., Fink C., Yong L. and Roeder T. (2013) Overexpression of Sir2
in the adult fat body is sufficient to extend lifespan of male and female
Drosophila. Aging (Albany NY) 5: 315-327.

Honjoh S. and Nishida E. (2011) Two sides of lifespan regulating genes: pro-longevity
or anti-longevity? J Biochem 149: 381-388.

Honjoh S., Yamamoto T., Uno M. and Nishida E. (2009) Signalling through RHEB-1
mediates intermittent fasting-induced longevity in C. elegans. Nature 457: 726-
730.

Hsu A., Murphy C.T. and Kenyon C. (2003) Regulation of aging and age-related disease
by DAF-16 and heat-shock factor. Science 300: 1142-1145.

Huang H., Lu-Bo Y. and Haddad G.G. (2014) A Drosophila ABC transporter regulates
lifespan. PLoS Genet 10: €1004844.

Hussain M., Lin Y. and Wang L. (2017) Effect of temperature on longevity of
Diaphorina citri (Hemiptera: Liviidae) studied by microcalorimeter. J Therm
Anal Calorim 127: 1245-1252.

Hwangbo D.S., Gershman B., Gersham B., Tu M.P., Palmer M. and Tatar M. (2004)
Drosophila dFOXO controls lifespan and regulates insulin signalling in brain
and fat body. Nature 429: 562-566.

Ja W.W.,, Carvalho G.B., Mak E.M., de la Rosa N.N., Fang A.Y., Liong J.C.,, et al. (2007)
Prandiology of Drosophila and the CAFE assay. Proc Natl Acad Sci U S A 104:
8253-8256.

Jeffs C.T. and Leather S.R. (2014) Effects of extreme, fluctuating temperature events
on life history traits of the grain aphid, Sitobion avenae. Entomol Exp Appl 150:
240-249.

Jervis M.A., Kidd N.A.C., Fitton M.G., Huddleston T. and Dawah H.A. (1993) Flower-
visiting by hymenopteran parasitoids. J Nat Hist 27: 67-105.

Johnson S.C., Rabinovitch P.S. and Kaeberlein M. (2013) mTOR is a key modulator of
ageing and age-related disease. Nature 493: 338-345.

Juhdsz G., Erdi B., Sass M. and Neufeld T.P. (2007) Atg7-dependent autophagy
promotes neuronal health, stress tolerance, and longevity but is dispensable for
metamorphosis in Drosophila. Genes Dev 21: 3061-3066.

Jurk D., Wilson C., Passos J.F., Oakley F., Correia-Melo C., Greaves L., ef al. (2014)
Chronic inflammation induces telomere dysfunction and accelerates ageing in
mice. Nat Commun 2: 4172.

Kaeberlein M. (2014) Rapamycin and ageing: when, for how long, and how much? J
Genet Genomics 41: 459-463.

Kanfi Y., Naiman S., Amir G., Peshti V., Zinman G., Nahum L., et al. (2012) The sirtuin
SIRT6 regulates lifespan in male mice. Nature 483: 218-221.

Kanungo M.S. (1975) A model for ageing. J Theor Biol 53: 253-261.

Kapahi P., Zid B.M., Harper T., Koslover D., Sapin V. and Benzer S. (2004) Regulation
of lifespan in Drosophila by modulation of genes in the TOR signaling pathway.
Curr Biol 14: 885-890.

Kenyon C.J. (2010) The genetics of ageing. Nature 464: 504-512.

Kim G.H., Lee Y.E. Lee G.H., Cho Y.H. Lee YN, Jang Y., et al (2015)
Overexpression of malic enzyme in the larval stage extends Drosophila lifespan.
Biochem Biophys Res Commun 456: 676-682.

King A.M. and MacRae T.H. (2015) Insect Heat Shock Proteins During Stress and
Diapause. Annu Rev Entomol 60: 59-75.

Kirby K., Hu J., Hilliker A.J. and Phillips J.P. (2002) RNA interference-mediated

114



AN L e A7 Z 253k

silencing of Sod2 in Drosophila leads to early adult-onset mortality and elevated
endogenous oxidative stress. Proc Natl Acad Sci U S A 99: 16162-16167.

Kyriazis M. (2020) Ageing throughout history: the evolution of human lifespan. J Mol
Evol 88: 57-65.

Lam E.W., Brosens J.J., Gomes A.R. and Koo C.Y. (2013) Forkhead box proteins:
tuning forks for transcriptional harmony. Nat Rev Cancer 13: 482-495.

Landis G.N., Bhole D. and Tower J. (2003) A search for doxycycline-dependent
mutations that increase Drosophila melanogaster life span identifies the
VhaSFD, Sugar baby, filamin, fwd and Cctl genes. Genome Biol 4: R8.

Langfelder P. and Horvath S. (2008) WGCNA: an R package for weighted correlation
network analysis. BMC Bioinf'9: 559.

Laschober G.T., Ruli D., Hofer E., Muck C., Carmona-Gutierrez D., Ring J., et al.
(2010) Identification of evolutionarily conserved genetic regulators of cellular
aging. Aging Cell 9: 1084-1097.

Le Bourg E. (2010) Predicting whether dietary restriction would increase longevity in
species not tested so far. Ageing Res Rev 9: 289-297.

Le Bourg E. and Minois N. (2005) Does dietary restriction really increase longevity in
Drosophila melanogaster? Ageing Res Rev 4: 409-421.

Lee K.S., lijima-Ando K., Iijima K., Lee W.J., Lee J.H., Yu K., et al. (2009)
JNK/FOXO-mediated neuronal expression of fly homologue of peroxiredoxin
IT reduces oxidative stress and extends life span. J Biol Chem 284: 29454-29461.

Lee S.H., Lee S.K., Paik D. and Min K.J. (2012) Overexpression of fatty-acid-f-
oxidation-related genes extends the lifespan of Drosophila melanogaster.
Oxidative medicine and cellular longevity 2012: 854502.

Lemaitre J.F., Berger V., Bonenfant C., Douhard M., Gamelon M., Plard F., et al. (2015)
Early-late life trade-offs and the evolution of ageing in the wild. Proc Biol Sci
282:20150209.

Lemoine N.P, Drews W.A., Burkepile D.E. and Parker J.D. (2013) Increased
temperature alters feeding behavior of a generalist herbivore. Oikos 122: 1669-
1678.

Li B. and Dewey C.N. (2011) RSEM: accurate transcript quantification from RNA-Seq
data with or without a reference genome. BMC Bioinf 12: 323.

LiD., Zhao H., Gao H., Hu Z. and Hu X. (2015) Temperature-Mediated Effects of Host
Alternation on the Adaptation of Myzus persicae (Hemiptera: Aphididae).
Environ Entomol 44: 379-391.

LiJ., Ebata A., Dong Y., Rizki G., Iwata T. and Lee S.S. (2008) Caenorhabditis elegans
HCF-1 functions in longevity maintenance as a DAF-16 regulator. PLoS Biol 6:
e233.

Li J., Tewari M., Vidal M. and Lee S.S. (2007) The 14-3-3 protein FTT-2 regulates
DAF-16 in Caenorhabditis elegans. Dev Biol 301: 82-91.

LiY. and Tower J. (2009) Adult-specific over-expression of the Drosophila genes magu
and hebe increases life span and modulates late-age female fecundity. Mol
Genet Genomics 281: 147-162.

LinY.H.,Chen Y.C.,Kao T.Y,,Lin Y.C., Hsu T.E., Wu Y.C., et al. (2014) Diacylglycerol
lipase regulates lifespan and oxidative stress response by inversely modulating
TOR signaling in Drosophila and C. elegans. Aging Cell 13: 755-764.

Lints F.A. (1989) The rate of living theory revisited. Gerontology 35: 36-57.

LiulJ., YiJ., Wu H., Zheng L. and Zhang G. (2020) Prepupae and pupae transcriptomic
characterization of Trichogramma chilonis. Genomics 112: 1651-1659.

Livak K.J. and Schmittgen T.D. (2001) Analysis of relative gene expression data using

115



AN L e A7 Z 253k

real-time quantitative PCR and the 2-24¢T method. Methods 25: 402-408.

Long X., Lin Y., Ortiz-Vega S., Yonezawa K. and Avruch J. (2005) Rheb binds and
regulates the mTOR kinase. Curr Biol 15: 702-713.

Loo L.W., Secombe J., Little J.T., Carlos L.S., Yost C., Cheng P.F., ef al. (2005) The
transcriptional repressor dMnt is a regulator of growth in Drosophila
melanogaster. Mol Cell Biol 25: 7078-7091.

Lopez-Lluch G. and Navas P. (2016) Calorie restriction as an intervention in ageing. J
Physiol 594: 2043-2060.

Lopez-Otin C., Blasco M.A., Partridge L., Serrano M. and Kroemer G. (2013) The
hallmarks of aging. Cell 153: 1194-1217.

M'Angale P.G. and Staveley B.E. (2016) Inhibition of Atg6 and Pi3K59F autophagy
genes in neurons decreases lifespan and locomotor ability in Drosophila
melanogaster. Genet Mol Res 15: gmr15048953.

Maekawa M. and Higashiyama S. (2020) The roles of SPOP in DNA damage response
and DNA replication. Int J Mol Sci 21: 7293.

Mabhajan K., Coppola D., Challa S., Fang B., Chen Y.A., Zhu W,, et al. (2010) Ackl
mediated AKT/PKB tyrosine 176 phosphorylation regulates its activation. PLoS
ONE §: 9646.

Mai S., Muster B., Bereiter-Hahn J. and Jendrach M. (2012) Autophagy proteins LC3B,
ATGS5 and ATG12 participate in quality control after mitochondrial damage and
influence lifespan. Autophagy 8: 47-62.

Mair W. and Dillin A. (2008) Aging and survival: the genetics of life span extension by
dietary restriction. Annu Rev Biochem 77: 727-754.

Mair W., Morantte 1., Rodrigues A.P., Manning G., Montminy M., Shaw R.J., ef al.
(2011) Lifespan extension induced by AMPK and calcineurin is mediated by
CRTC-1 and CREB. Nature 470: 404-408.

Mangerich A., Herbach N., Hanf B., Fischbach A., Popp O., Moreno-Villanueva M., et
al. (2010) Inflammatory and age-related pathologies in mice with ectopic
expression of human PARP-1. Mech Ageing Dev 131: 389-404.

Manjunatha H.B., Rajesh R.K. and Aparna H.S. (2010) Silkworm thermal biology: a
review of heat shock response, heat shock proteins and heat acclimation in the
domesticated silkworm, Bombyx mori. J Insect Sci 10: 204.

Matecic M., Smith D.L., Pan X., Maqgani N., Bekiranov S., Boeke J.D., et al. (2010) A
microarray-based genetic screen for yeast chronological aging factors. PLoS
Genet 6: €1000921.

Mazucanti C.H., Cabral-Costa J.V., Vasconcelos A.R., Andreotti D.Z., Scavone C. and
Kawamoto E.M. (2015) Longevity pathways (mTOR, SIRT, Insulin/IGF-1) as
key modulatory targets on aging and neurodegeneration. Curr. Top. Med. Chem.
15: 2116-2138.

McCormick M., Chen K., Ramaswamy P. and Kenyon C. (2012) New genes that extend
Caenorhabditis elegans' lifespan in response to reproductive signals. Aging Cell
11: 192-202.

McCormick M.A., Delaney J.R., Tsuchiya M., Tsuchiyama S., Shemorry A., Sim S., et
al. (2015) A comprehensive analysis of replicative lifespan in 4,698 single-gene
deletion strains uncovers conserved mechanisms of aging. Cell Metab 22: 895-
906.

Merino M.M., Rhiner C., Lopez-Gay J.M., Buechel D., Hauert B. and Moreno E. (2015)
Elimination of unfit cells maintains tissue health and prolongs lifespan. Cel// 160:
461-476.

Mesquita A., Weinberger M., Silva A., Sampaio-Marques B., Almeida B., Ledo C., et

116



AN L e A7 Z 253k

al. (2010) Caloric restriction or catalase inactivation extends yeast
chronological lifespan by inducing H>O; and superoxide dismutase activity.
Proc Natl Acad Sci U S A 107: 15123-15128.

Mikhelson V.M. and Gamaley [.A. (2012) Telomere shortening is a sole mechanism of
aging in mammals. Curr Aging Sci 5: 203-208.

Mitteldorf J. (2019) What is antagonistic pleiotropy? Biochemistry. Biokhimiia 84:
1458-1468.

Mobbs C.V., Bray G.A., Atkinson R.L., Bartke A., Finch C.E., Maratos-Flier E., ef al.
(2001) Neuroendocrine and pharmacological manipulations to assess how
caloric restriction increases life span. J Gerontol A Biol Sci Med Sci 56: 34-44.

Morley A.A. (1995) The somatic mutation theory of ageing. Mutat Res 338: 19-23.

Moskalev A.A., Aliper A.M., Smit-McBride Z., Buzdin A. and Zhavoronkov A. (2014)
Genetics and epigenetics of aging and longevity. Cell Cycle (Georgetown, Tex.)
13: 1063-1077.

Nassel D.R. and Vanden Broeck J. (2016) Insulin/IGF signaling in Drosophila and other
insects: factors that regulate production, release and post-release action of the
insulin-like peptides. Cell Mol Life Sci 73: 271-290.

Neal S.J., Karunanithi S., Best A., So A.K.-C., Tanguay R.M., Atwood H.L., et al. (2006)
Thermoprotection of synaptic transmission in a Drosophila heat shock factor
mutant is accompanied by increased expression of Hsp83 and Dnal-1. Physiol
Genomics 25: 493-501.

Nielsen M.D., Luo X., Biteau B., Syverson K. and Jasper H. (2008) 14-3-3 Epsilon
antagonizes FoxO to control growth, apoptosis and longevity in Drosophila.
Aging Cell T: 688-699.

Niwa R., Niimi T., Honda N., Yoshiyama M., Itoyama K., Kataoka H., et al. (2008)
Juvenile hormone acid O-methyltransferase in Drosophila melanogaster. Insect
Biochem Mol Biol 38: 714-720.

Nobrega-Pereira S., Fernandez-Marcos P.J., Brioche T., Gomez-Cabrera M.C.,
Salvador-Pascual A., Flores J.M., et al. (2016) G6PD protects from oxidative
damage and improves healthspan in mice. Nat Commun 7: 10894.

Nowak K., Gupta A. and Stocker H. (2018) FoxO restricts growth and differentiation
of cells with elevated TORC1 activity under nutrient restriction. PLoS Genet 14:
e1007347.

Okuyama T., Inoue H., Ookuma S., Satoh T., Kano K., Honjoh S., ef al. (2010) The
ERK-MAPK pathway regulates longevity through SKN-1 and insulin-like
signaling in Caenorhabditis elegans. J Biol Chem 285: 30274-30281.

Onken B. and Driscoll M. (2010) Metformin induces a dietary restriction-like state and
the oxidative stress response to extend C. elegans healthspan via AMPK, LKB1,
and SKN-1. PLoS ONE 5: e8758.

Orr W.C., Arnold L.A. and Sohal R.S. (1992) Relationship between catalase activity,
life span and some parameters associated with antioxidant defenses in
Drosophila melanogaster. Mech Ageing Dev 63: 287-296.

Orr W.C. and Sohal R.S. (1994) Extension of life-span by overexpression of superoxide
dismutase and catalase in Drosophila melanogaster. Science 263: 1128-1130.

Ostertag M.S., Messias A.C., Sattler M. and Popowicz G.M. (2019) The Structure of
the SPOP-Pdx1 Interface Reveals Insights into the Phosphorylation-Dependent
Binding Regulation. Structure 27: 327-334.

Paik D., Jang Y.G., Lee Y.E., Lee Y.N., Yamamoto R., Gee H.Y, et al. (2012)
Misexpression screen delineates novel genes controlling Drosophila lifespan.
Mech Ageing Dev 133: 234-245.

117



AN L e A7 Z 253k

Pamminger T., Treanor D. and Hughes W.O. (2016) Pleiotropic effects of juvenile
hormone in ant queens and the escape from the reproduction-
immunocompetence trade-off. Proc Biol Sci 283: 201524009.

Pan K.Z., Palter J.E., Rogers A.N., Olsen A., Chen D., Lithgow G.J., et al. (2007)
Inhibition of mRNA translation extends lifespan in Caenorhabditis elegans.
Aging Cell 6: 111-119.

Paradis S., Ailion M., Toker A., Thomas J.H. and Ruvkun G. (1999) A PDK1 homolog
is necessary and sufficient to transduce AGE-1 PI3 kinase signals that regulate
diapause in Caenorhabditis elegans. Genes Dev 13: 1438-1452.

Parker J.D., Parker K.M., Sohal B.H., Sohal R.S. and Keller L. (2004) Decreased
expression of Cu-Zn superoxide dismutase 1 in ants with extreme lifespan. Proc
Natl Acad Sci U S A 101: 3486-34809.

Partridge L., Alic N., Bjedov L. and Piper M.D.W. (2011) Ageing in Drosophila: the
role of the insulin/Igf and TOR signalling network. Exp Gerontol 46: 376-381.

Peck O. (1963) A catalogue of the Nearctic chalcidoidea (Insecta: Hymenoptera).
Canadian Entomologists Suppl. 30: 718-721.

Popovic D., Vucic D. and Dikic 1. (2014) Ubiquitination in disease pathogenesis and
treatment. Nat Med 20: 1242-1253.

Prakash A., Jeftfryes M., Bateman A. and Finn R.D. (2017) The HMMER web server
for protein sequence similarity search. Curr Protoc Bioinformatics 60: 3.15.1-
3.15.23.

Proshkina E.N., Shaposhnikov M.V., Sadritdinova A.F., Kudryavtseva A.V. and
Moskalev A.A. (2015) Basic mechanisms of longevity: A case study of
Drosophila pro-longevity genes. Ageing Res Rev 24: 218-231.

Pyo J.0., Yoo S.M., Ahn H.H., Nah J.,, Hong S.H., Kam TI., et al (2013)
Overexpression of Atg5 in mice activates autophagy and extends lifespan. Nat
Commun 4: 2300.

Radyuk S.N., Michalak K., Klichko V.I., Benes J., Rebrin I., Sohal R.S., et al. (2009)
Peroxiredoxin 5 confers protection against oxidative stress and apoptosis and
also promotes longevity in Drosophila. Biochem J 419: 437-445.

Ran Q., Liang H., Ikeno Y., Qi W., Prolla T.A., Roberts L.J.L., et al. (2007) Reduction
in glutathione peroxidase 4 increases life span through increased sensitivity to
apoptosis. J Gerontol A Biol Sci Med Sci 62: 932-942.

Rana A., Rera M. and Walker D.W. (2013) Parkin overexpression during aging reduces
proteotoxicity, alters mitochondrial dynamics, and extends lifespan. Proc Natl
Acad Sci U S 4 110: 8638-8643.

Rattan S.I. (2008) Hormesis in aging. Ageing Res Rev 7: 63-78.

Rera M., Bahadorani S., Cho J., Koehler C.L., Ulgherait M., Hur J.H., ef al. (2011)
Modulation of longevity and tissue homeostasis by the Drosophila PGC-1
homolog. Cell Metab 14: 623-634.

Rodriguez-Riafio T., Ortega-Olivencia A., Lopez J., Pérez-Bote J.L. and Navarro-Pérez
M.L. (2014) Main sugar composition of floral nectar in three species groups of
Scrophularia (Scrophulariaceae) with different principal pollinators. Plant Biol
(Stuttg) 16: 1075-1086.

Roed N.K., Viola C.M., Kristensen O., Schluckebier G., Norrman M., Sajid W., et al.
(2018) Structures of insect Imp-L2 suggest an alternative strategy for regulating
the bioavailability of insulin-like hormones. Nat Commun 9: 3860.

Rogina B., Helfand S.L. and Frankel S. (2002) Longevity regulation by Drosophila
Rpd3 deacetylase and caloric restriction. Science 298: 1745.

Roskoski R.J. (2010) RAF protein-serine/threonine kinases: structure and regulation.

118



AN L e A7 Z 253k

Biochem Biophys Res Commun 399: 313-317.

Roth M. and Chen W.Y. (2014) Sorting out functions of sirtuins in cancer. Oncogene
33: 1609-1620.

Rudolph D., Tafuri A., Gass P., Himmerling G.J., Arnold B. and Schiitz G. (1998)
Impaired fetal T cell development and perinatal lethality in mice lacking the
cAMP response element binding protein. Proc Natl Acad Sci U S A 95: 4481-
4486.

Ruiz M., Sanchez D., Canal 1., Acebes A. and Ganfornina M.D. (2011) Sex-dependent
modulation of longevity by two Drosophila homologues of human
Apolipoprotein D, GLaz and NLaz. Exp Gerontol 46: 579-589.

Runko A.P., Griswold A.J. and Min K.T. (2008) Overexpression of frataxin in the
mitochondria increases resistance to oxidative stress and extends lifespan in
Drosophila. FEBS Lett 582: 715-719.

Russell S.J. and Kahn C.R. (2007) Endocrine regulation of ageing. Nat Rev Mol Cell
Biol 8: 681-691.

Salminen A. and Kaarniranta K. (2012) AMP-activated protein kinase (AMPK)
controls the aging process via an integrated signaling network. Ageing Res Rev
11: 230-241.

Samuelson A.V., Carr C.E. and Ruvkun G. (2007) Gene activities that mediate
increased life span of C. elegans insulin-like signaling mutants. Genes Dev 21:
2976-2994.

Sarup P., Serensen P. and Loeschcke V. (2014) The long-term effects of a life-
prolonging heat treatment on the Drosophila melanogaster transcriptome
suggest that heat shock proteins extend lifespan. Exp Gerontol 50: 34-39.

Schwedes C.C. and Carney G.E. (2012) Ecdysone signaling in adult Drosophila
melanogaster. J Insect Physiol 58: 293-302.

Scott T.W. and Lorenz L.H. (1998) Reduction of Culiseta melanura fitness by eastern
equine encephalomyelitis virus. Am J Trop Med Hyg 59: 341-346.

Semsei . (2000) On the nature of aging. Mech Ageing Dev 117: 93-108.

Sgro C.M. and Partridge L. (1999) A delayed wave of death from reproduction in
Drosophila. Science 286: 2521-2524.

Shaposhnikov M., Proshkina E., Koval L., Zemskaya N., Zhavoronkov A. and
Moskalev A. (2018) Overexpression of CBS and CSE genes affects lifespan,
stress resistance and locomotor activity in Drosophila melanogaster. Aging
(Albany NY) 10: 3260-3272.

Shi Y., Wang J., Chandarlapaty S., Cross J., Thompson C., Rosen N., et al. (2014) PTEN
is a protein tyrosine phosphatase for IRS1. Nat Struct Mol Biol 21: 522-527.

Simon A.F., Shih C., Mack A. and Benzer S. (2003) Steroid control of longevity in
Drosophila melanogaster. Science 299: 1407-1410.

Simonsen A., Cumming R.C., Brech A., Isakson P., Schubert D.R. and Finley K.D.
(2008) Promoting basal levels of autophagy in the nervous system enhances
longevity and oxidant resistance in adult Drosophila. Autophagy 4: 176-184.

Simonsen A., Cumming R.C. and Finley K.D. (2007a) Linking lysosomal trafficking
defects with changes in aging and stress response in Drosophila. Autophagy 3:
499-501.

Simonsen A., Cumming R.C., Lindmo K., Galaviz V., Cheng S., Rusten T.E., et al.
(2007b) Genetic modifiers of the Drosophila blue cheese gene link defects in
lysosomal transport with decreased life span and altered ubiquitinated-protein
profiles. Genetics 176: 1283-1297.

Slack C. (2017) Ras signaling in aging and metabolic regulation. Nutr Healthy Aging

119



AN L e A7 Z 253k

4: 195-205.

Slack C., Alic N., Foley A., Cabecinha M., Hoddinott Matthew P. and Partridge L.
(2015) The Ras-Erk-ETS-signaling pathway is a drug target for longevity. Cell
162: 72-83.

Smith E.D., Tsuchiya M., Fox L.A., Dang N., Hu D., Kerr E.O., et al. (2008)
Quantitative evidence for conserved longevity pathways between divergent
eukaryotic species. Genome Res 18: 564-570.

Sohal R.S. and Allen R.G. (1990) Oxidative stress as a causal factor in differentiation
and aging: a unifying hypothesis. Exp Gerontol 25: 499-522.

Sone M., Uchida A., Komatsu A., Suzuki E., Ibuki I., Asada M., et al. (2009) Loss of
yata, a novel gene regulating the subcellular localization of APPL, induces
deterioration of neural tissues and lifespan shortening. PLoS ONE 4: e4466.

Song W., Ren D., Li W,, Jiang L., Cho K.W., Huang P,, et al. (2010) SH2B regulation
of growth, metabolism, and longevity in both insects and mammals. Cell Metab
11: 427-437.

Stahl J.M., Nepi M., Galetto L., Guimaraes E. and Machado S.R. (2012) Functional
aspects of floral nectar secretion of Ananas ananassoides, an ornithophilous
bromeliad from the Brazilian savanna. Ann Bot 109: 1243-1252.

Tacutu R., Thornton D., Johnson E., Budovsky A., Barardo D., Craig T., et al. (2018)
Human Ageing Genomic Resources: new and updated databases. Nucleic Acids
Res 46: D1083-D1090.

Takagi M. (1986) The reproductive strategy of the gregarious parasitoid, Pteromalus
puparum (Hymenoptera: Pteromalidae): 2. Host size discrimination and
regulation of the number and sex ratio of progeny in a single host. Oecologia
70: 321-325.

Tang F., Watkins J.W., Bermudez M., Gray R., Gaban A., Portie K., ez al. (2008) A life-
span extending form of autophagy employs the vacuole-vacuole fusion
machinery. Autophagy 4: 874-886.

Tang Q.Y. and Zhang C.X. (2013) Data Processing System (DPS) software with
experimental design, statistical analysis and data mining developed for use in
entomological research. Insect Sci 20: 254-260.

Tatar M., Kopelman A., Epstein D., Tu M.P,, Yin C.M. and Garofalo R.S. (2001) A
mutant Drosophila insulin receptor homolog that extends life-span and impairs
neuroendocrine function. Science 292: 107-110.

Testa G., Biasi F., Poli G. and Chiarpotto E. (2014) Calorie restriction and dietary
restriction mimetics: a strategy for improving healthy aging and longevity. Curr
Pharm Design 20: 2950-2977.

Toivonen J.M. and Partridge L. (2009) Endocrine regulation of aging and reproduction
in Drosophila. Mol Cell Endocrinol 299: 39-50.

Tong J.J., Schriner S.E., McCleary D., Day B.J. and Wallace D.C. (2007) Life extension
through neurofibromin mitochondrial regulation and antioxidant therapy for
neurofibromatosis-1 in Drosophila melanogaster. Nat Genet 39: 476-485.

Téth M.L., Sigmond T., Borsos E., Barna J., Erdélyi P., Takacs-Vellai K., et al. (2008)
Longevity pathways converge on autophagy genes to regulate life span in
Caenorhabditis elegans. Autophagy 4: 330-338.

Tower J. (2011) Heat shock proteins and Drosophila aging. Exp Gerontol 46: 355-362.

Trevisan K., Cristina-Pereira R., Silva-Amaral D. and Aversi-Ferreira T.A. (2019)
Theories of aging and the prevalence of Alzheimer's disease. Biomed Res Int
2019: 9171424.

Tricoire H., Battisti V., Trannoy S., Lasbleiz C., Pret A.M. and Monnier V. (2009) The

120



AN L e A7 Z 253k

steroid hormone receptor EcR finely modulates Drosophila lifespan during
adulthood in a sex-specific manner. Mech Ageing Dev 130: 547-552.

Tsuda M., Sugiura T., Ishii T., Ishii N. and Aigaki T. (2007) A mev-1-like dominant-
negative SdhC increases oxidative stress and reduces lifespan in Drosophila.
Biochem Biophys Res Commun 363: 342-346.

Tu M.P., Yin C.M. and Tatar M. (2005) Mutations in insulin signaling pathway alter
juvenile hormone synthesis in Drosophila melanogaster. Gen Comp Endocr
142: 347-356.

Ulgherait M., Rana A., Rera M., Graniel J. and Walker D.W. (2014) AMPK modulates
tissue and organismal aging in a non-cell-autonomous manner. Cell Rep 8:
1767-1780.

Umeda-Kameyama Y., Tsuda M., Ohkura C., Matsuo T., Namba Y., Ohuchi Y., et al.
(2007) Thioredoxin suppresses Parkin-associated endothelin receptor-like
receptor-induced neurotoxicity and extends longevity in Drosophila. J Biol
Chem 282: 11180-11187.

Vakhrusheva O., Smolka C., Gajawada P., Kostin S., Boettger T., Kubin T, et al. (2008)
Sirt7 increases stress resistance of cardiomyocytes and prevents apoptosis and
inflammatory cardiomyopathy in mice. Circ Res 102: 703-710.

Vazquez B.N., Thackray J.K., Simonet N.G., Kane-Goldsmith N., Martinez-Redondo
P., Nguyen T., et al. (2016) SIRT7 promotes genome integrity and modulates
non-homologous end joining DNA repair. EMBO J 35: 1488-1503.

Vellai T. (2009) Autophagy genes and ageing. Cell Death Differ 16: 94-102.

Vrailas-Mortimer A., del Rivero T., Mukherjee S., Nag S., Gaitanidis A., Kadas D., et
al. (2011) A muscle-specific p38 MAPK/Mef2/MnSOD pathway regulates
stress, motor function, and life span in Drosophila. Dev Cell 21: 783-795.

Waas W.F., Lo H.H. and Dalby K.N. (2001) The kinetic mechanism of the dual
phosphorylation of the ATF2 transcription factor by p38 mitogen-activated
protein (MAP) kinase alpha. Implications for signal/response profiles of MAP
kinase pathways. J Biol Chem 276: 5676-5684.

Wickers F.L. (2001) A comparison of nectar- and honeydew sugars with respect to their
utilization by the hymenopteran parasitoid Cotesia glomerata. J Insect Physiol
47:1077-1084.

Walker D.W., H4jek P., Muffat J., Knoepfle D., Cornelison S., Attardi G., et al. (2006)
Hypersensitivity to oxygen and shortened lifespan in a Drosophila
mitochondrial complex II mutant. Proc Natl Acad Sci U S A 103: 16382-16387.

Wang F., Fang Q., Wang B., Yan Z., Hong J., Bao Y., ef al. (2017) A novel negative-
stranded RNA virus mediates sex ratio in its parasitoid host. PLoS Pathog 13:
€1006201.

Weichhart T. (2018) mTOR as regulator of lifespan, aging, and cellular senescence: a
mini-review. Gerontology 64: 127-134.

Weinert B.T. and Timiras P.S. (2003) Theories of aging. J Appl Physiol 95: 1706-1716.

Werren J.H., Richards S., Desjardins C.A., Niehuis O., Gadau J., Colbourne J.K., et al.
(2010) Functional and evolutionary insights from the genomes of three
parasitoid Nasonia species. Science 327: 343-348.

Williams G.C. (1957) Pleiotropy, natural selection, and the evolution of senescence.
Evolution 11: 398-411.

Wood J.G., Schwer B., Wickremesinghe P.C., Hartnett D.A., Burhenn L., Garcia M., et
al. (2018) Sirt4 is a mitochondrial regulator of metabolism and lifespan in
Drosophila melanogaster. Proc Natl Acad Sci U S A 115: 1564-1569.

Wu H., Meng L. and Li B. (2008) Effects of feeding frequency and sugar concentrations

121



AN L e A7 Z 253k

on lifetime reproductive success of Meteorus pulchricornis (Hymenoptera:
Braconidae). Biol Control 45: 353-359.

Xiong S., Yu K., Ye X., Fang Q., Deng Y., Xiao S., et al. (2020) Genes acting in
longevity-related pathways in the endoparasitoid, Pteromalus puparum. Arch
Insect Biochem Physiol 103: €21635.

Yamaguchi T., Kakefuda R., Tajima N., Sowa Y. and Sakai T. (2011) Antitumor
activities of JTP-74057 (GSK1120212), a novel MEKI1/2 inhibitor, on
colorectal cancer cell lines in vitro and in vivo. Int J Oncol 39: 23-31.

Yamamoto R., Bai H., Dolezal A.G., Amdam G. and Tatar M. (2013) Juvenile hormone
regulation of Drosophila aging. BMC Biol 11: 85.

Yang L., Lin Z., Fang Q., Wang J., Yan Z., Zou Z., et al. (2017) The genomic and
transcriptomic analyses of serine proteases and their homologs in an
endoparasitoid, Pteromalus puparum. Dev Comp Immunol T7: 56-68.

Yang Y.L., Loh K.S., Liou B.Y., Chu L.LH., Kuo C.J., Chen H.D., ef al. (2013) SESN-1
is a positive regulator of lifespan in Caenorhabditis elegans. Exp Gerontol 48:
371-379.

Ye X., Yan Z., Yang Y., Xiao S., Chen L., Wang J., ef al. (2020) A chromosome-level
genome assembly of the parasitoid wasp Pteromalus puparum. Mol Ecol Resour
20: 1384-1402.

Zid B.M., Rogers A.N., Katewa S.D., Vargas M.A., Kolipinski M.C., Lu T.A., et al.
(2009) 4E-BP extends lifespan upon dietary restriction by enhancing
mitochondrial activity in Drosophila. Cell 139: 149-160.

122



WLl 2 A S Pt %
PRSI R /N A A D5 3 T B R IR B FPKOML LV &

Gene ID Embryos Larvae Female Pupae Male Pupae Female Adults  Male Adults
PPUO0054-RA  22.0292 5.62121 12.1644 15.9785 9.40911 8.77383
PPUO0059-RA  34.6593 4.81631 14.2425 12.8502 13.8841 15.2527
PPUO00208-RA 0 0 0.0622601 0.122928 0.855202 0
PPUO00209-RA 0 0 0.366808 0.253555 3.98303 0.0634414
PPUO00285-RA  0.168098 8.39859 11.2176 11.977 8.64987 7.92877
PPUO00322-RA  552.968 47.8744 79.5413 61.865 262.767 73.861
PPUO00499-RA  6.93049 11.3293 34.3342 34.1701 10.2886 9.64926
PPUO0508-RA  0.318201 0 0 0.142633 0 0.0655864
PPUOO881-RA  4.80073 0.180836 1.01725 3.05683 3.46237 4.72095
PPUO1146-RA  0.43214 4.35725 13.0279 10.0554 2.07056 7.15364
PPUO1346-RA  7.96187 3.63727 1.42012 241511 9.54155 11.9544
PPUO01680-RA 132.667 7.52697 19.3502 16.5775 29.1262 21.5165
PPUO01693-RA 11.5081 17.0612 36.0888 39.1909 8.93151 21.3344
PPUO01704-RA  79.4925 31.3273 65.8038 70.278 47.6831 47.3778
PPUO1990-RA  3.16132 16.8094 18.1284 20.0596 9.27737 22.0316
PPU02206-RA 106.592 178.873 153.282 159.47 212.659 592.076
PPU02268-RA 158.03 52.5749 93.6042 74.466 48.678 14.6531
PPU02277-RA 1.7675 26.4603 34.6824 7.11629 4.74171 3.64107
PPU02280-RA  59.6755 10.6401 7.66364 14.0213 18.4258 3.79667
PPU02365-RA  0.0634248 0.0145622 0.027788 0.00686184 0 0.00608917
PPU02491-RA  21.9017 5.65947 19.0966 19.4669 11.816 5.69512
PPU02531-RA 145.309 12.6294 34.7816 28.1494 33.2247 5.03364
PPU02576-RA 121.023 153.435 292.443 266.034 134.953 176.395
PPU02599-RA  0.680063 0.714098 1.01339 3.12634 0.173902 2.58853
PPU02657-RA 107.755 23.4999 38.6152 21.6052 59.7131 23.2331
PPU02727-RA  38.9458 8.62287 17.7849 17.5221 24.5232 34.507
PPUO02803-RA  26.5688 17.3297 17.7072 19.3656 33.2671 43.8276
PPUO03042-RA  70.9826 43.7566 122.952 133.028 56.7322 41.8343
PPUO3121-RA 101.095 0 0.0203595 0.0402171 31.7341 0.266655
PPUO3142-RA  36.9641 14.8481 40.2998 36.6612 20.3408 16.2295
PPUO3176-RA  0.297211 24.3131 0 0.0736742 0 0.451467
PPUO3180-RA  935.209 595.457 590.089 579.432 891.205 335.249
PPU03220-RA  4.30805 12.9213 4.4966 7.14855 27.1229 53.9448
PPUO03221-RA  0.0183876 0.0189666 0 0.0178357 1.58153 7.11089
PPUO03371-RA 111.532 13.441 42.3818 35.7868 33.8346 7.57257
PPUO03565-RA  0.688344 44.3774 3.71443 3.6202 17.1889 6.96045
PPUO03566-RA  0.0785513 1.73845 205.359 88.3326 17.1477 9.18474
PPU03567-RA 13.2195 31.797 34.9655 32.6073 23.7366 18.3463
PPUO03568-RA  6.80508 1.82179 0.270614 0.315859 1.24084 0.235694
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PPU03569-RA 18.6099 4.35872 13.2693 11.3192 38.966 40.2089
PPU03649-RA  0.0508315 4.13847 0 0.0249679 0.0708145 8.81494
PPU03650-RA  0.0309288 0.128549 0 0.0305163 0.0862989 0.697147
PPU03651-RA  4.80626 0 0.0447878 0 0.94236 0
PPU03661-RA 0 14.8614 14.788 3.25339 0.0664385 0.0413034
PPU03662-RA  0.153345 4.72016 0.239022 0.278993 0.914714 2.91946
PPU03663-RA  0.0480147 11.9956 3.91192 5.27703 5.21555 2.20315
PPU03672-RA 1.6612 1.43669 3.37466 3.56686 1.02111 2.42999
PPU03684-RA  31.1462 37.7885 59.6813 57.3253 69.2615 73.3761
PPU03769-RA  31.057 12.8789 8.61801 10.9579 30.7101 139.316
PPU03775-RA  30.4122 29.5154 53.2132 61.0935 28.6931 44.2026
PPU03798-RA  31.9618 4.39673 9.91534 11.3004 11.8263 5.75053
PPUO3831-RA  6.47574 103.906 37.4634 35.2844 73.86 50.3221
PPU03832-RA  9.23317 1741.43 651.721 625.2 221.339 292.765
PPU03834-RA 0 0 1.58289 1.33978 1.57316 6.41675
PPU03934-RA  0.0999109 2.86104 3.78538 4.93432 1.46717 2.49128
PPU03981-RA  519.637 330.212 478.559 468.295 1160.15 966.182
PPU04084-RA 19.1149 4.79418 3.30127 4.52776 6.33199 3.74304
PPUO4123-RA  52.2777 48.7581 15.2102 16.0639 70.7434 71.5505
PPUO4128-RA  868.423 762.367 1604.13 1213.06 848.018 9.17654
PPUO4129-RA  213.678 131.157 734.244 44231 147.26 10.4717
PPU0O4130-RA  21.4273 3232 1863.63 1595.3 149.425 16.387
PPU0O4131-RA 1.35897 35.9217 595.999 667.77 18.5424 2.64143
PPU0O4132-RA  0.330818 29.3016 321.627 155.728 24.0936 1.15909
PPU0O4133-RA  380.975 74.9966 1184.05 927.371 112.473 21.9343
PPU0O4166-RA  327.93 112.477 94.4932 99.0109 132.566 42.3324
PPU04213-RA 11.1575 8.06607 33.1938 28.738 3.8948 4.20388
PPU04252-RA  5.95468 14.6954 23.4889 19.0347 8.65384 8.49649
PPU04342-RA  4.26224 10.6498 19.1986 28.3147 7.9297 3.34053
PPU04374-RA  83.3255 23.1266 71.718 72.1015 27.6548 18.3692
PPU0O4412-RA  38.6097 4.07314 8.37783 17.4049 9.35165 1.91081
PPU0O4431-RA  44.7434 12.1255 15.1465 13.1596 21.8704 16.8692
PPU04462-RA  41.1456 11.3449 46.6226 45.7226 16.62 30.387
PPU04479-RA  742.468 106.318 165.554 124.896 251.948 257.341
PPU04680-RA 120.009 26.6195 55.0049 59.8397 41.0485 18.3383
PPU04683-RA  73.6693 49.6133 46.9303 39.6775 50.0931 44.3148
PPU04710-RA  3.66987 191.212 86.5355 87.8671 208.722 148.038
PPU04851-RA  35.039 12.1063 13.1732 16.1436 16.1067 10.2919
PPU04976-RA  59.3123 17.8677 18.7354 29.2863 50.7965 30.1671
PPUO5088-RA  0.272086 0.38473 1.23644 4.69251 16.4519 13.2882
PPU05089-RA 115.152 281.423 650.054 606.227 289.707 310.831
PPUO5100-RA  7.24756 3.17414 3.08845 6.03486 9.27767 9.88413
PPUO5101-RA  0.277658 1.27964 4.50545 6.42754 2.33489 7.27953
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PPU05102-RA  0.146827 7.37517 0.381486 0.544313 0.14376 0.357826
PPUO5117-RA 10.8845 4.57858 20.1852 20.3032 9.24284 7.69096
PPUO5135-RA  8.53434 8.83779 31.7756 41.0729 10.4425 13.5083
PPUO5162-RA  0.400734 4.05792 1.13332 1.62457 4.98798 6.86097
PPU05284-RA  42.6418 0 0 0.0554439 16.0952 0.242664
PPU05285-RA  25.0539 15.9797 24.2436 29.8931 16.5317 11.6822
PPU05400-RA  66.5774 27.3408 65.0266 60.5342 80.686 68.8117
PPUO5508-RA  252.775 170.433 361.729 311.885 266.714 692.143
PPU05545-RA  4.57137 8.42176 7.12615 13.2428 17.1304 13.1299
PPU05620-RA 12.6195 6.8548 14.5883 18.6781 12.7661 19.6851
PPU05710-RA  0.0402009 0.125709 0.566515 0.439535 0.449767 1.36172
PPU0O5718-RA 148.298 6.51283 25.2222 28.6894 25.9358 5.02926
PPU05744-RA 1835 2168.71 1546.57 1211.75 2725.75 989.381
PPU05765-RA 160.264 26.5108 30.4083 34.7986 42.8818 16.2991
PPU05842-RA  0.849243 0 0 0.00694975 0 0.00616654
PPU05966-RA  67.5537 4.51835 6.37138 8.40729 10.2871 0.874032
PPU06056-RA  0.209919 1.32141 0.639673 1.279 4.7484 2.5466
PPU06071-RA  6.96946 0.0172003 0.0164301 0 0.138719 0
PPU06147-RA 19.9152 256.41 102.043 89.5914 138.755 116.548
PPU06149-RA 1818.21 10.2724 26.4578 17.5382 379.923 3.42011
PPU06179-RA  33.1446 20.2038 34.9078 26.6931 59.6009 29.0332
PPUO6188-RA  42.0849 15.5597 26.79 26.392 23.0316 14.9048
PPU06343-RA  55.0963 21.8286 23.6942 28.0785 37.5305 11.2572
PPU06431-RA  3.16491 5.00458 20.7184 22.7602 3.1085 6.46387
PPU06557-RA  26.6287 14.3702 39.5697 50.221 52.3598 15.9912
PPU07049-RA  5.99899 3.56275 7.05559 8.84626 2.31293 3.79464
PPU07061-RA  0.32147 1.14867 0.330006 3.71381 1.99065 3.14216
PPU07069-RA  0.00917881  0.0946781 0.414609 0.338322 1.80815 1.41035
PPU07176-RA  3.15709 0.0618714 0.178377 0.1468 1.32927 0.490484
PPU0O7178-RA  0.338164 1.92346 1.13594 1.61697 6.67492 1.63719
PPUO7179-RA  5.49318 6.12469 7.68913 10.2771 4.65942 25.9433
PPUO7198-RA  47.7742 297.752 207.708 241.289 128.673 180.941
PPU07299-RA 17.6315 0.499621 1.2951 9.25745 3.18549 0.223456
PPU07359-RA  88.4994 9.94877 28.3763 30.4707 21.469 5.4578
PPU07489-RA  46.0919 46.2458 29.7267 38.5411 37.4955 25.3595
PPU07497-RA  81.6768 23.1911 44.7479 39.8916 89.3935 62.1389
PPU07542-RA  40.3107 28.7822 66.4413 67.4752 41.5157 21.8606
PPU07580-RA  0.322656 0 0 2.87637 1.0016 0.0311106
PPU07630-RA  7.70066 72.2615 0.341261 5.10124 15312 4.98286
PPU07649-RA  32.6686 60.8884 58.3316 88.3935 36.053 293.273
PPU07680-RA 16.3717 2.02998 0.80454 2.33967 55.8636 28.5536
PPU07681-RA 163.214 22.9891 0.993647 1.45074 50.5008 7.76501
PPU07682-RA  0.681685 2.43637 8.3112 31.1276 18.8531 18.8428
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PPU07683-RA  0.0709634 1.29948 0.0939837 0.0232054 0.131754 0.511936
PPU0O7715-RA 7.69566 4.72481 26.5266 41.0163 8.15727 16.7708
PPUO07824-RA 3.68021 5.4103 2.84169 3.85953 2.74835 15.409
PPU08093-RA 181.093 447.294 422.679 475.648 498.391 1001.48
PPUO8145-RA 6.75722 8.65257 29.826 28.0046 13.7856 21.471
PPUO8S165-RA  4.73926 6.51919 11.6231 13.358 9.413 9.32082
PPU0O8194-RA 126.479 137.517 80.0607 97.3084 76.0318 49.4515
PPU08276-RA  20.5232 14.4599 41.3526 33.5497 53.3861 28.6092
PPU08282-RA 177.173 0 0 0.0268363 48.2833 0.0238187
PPUO08349-RA  0.160766 0.112225 0.0545311 18.359 0.150412 0.980018
PPU08376-RA  0.221738 122.263 56.7208 65.2582 350.1 183.513
PPU08377-RA  0.214968 4.07678 7.69629 12.5639 24.2496 80.0372
PPUO08515-RA 33.0342 78.7634 38.2052 78.5535 147.615 124.957
PPU08526-RA 16.0063 6.23455 11.6854 14.5769 12.027 4.96405
PPU09133-RA  21.9626 10.5429 15.001 19.8555 8.97555 3.47667
PPU09172-RA 83.0518 31.1544 65.5196 61.1812 239119 7.85966
PPU09234-RA 0 1.23667 0.469785 0.257684 2.01815 14.0458
PPU09281-RA 77.9658 6.8019 22.7954 28.0945 19.6314 8.8843
PPU09869-RA 108.086 117.568 151.696 11.6241 121.908 11.9487
PPU09871-RA 31.0146 10.389 70.6406 8.77945 114.391 6.09578
PPU09895-RA  43.0238 10.0934 52.4431 36.1318 18.6056 14.3592
PPU09930-RA  235.72 421.667 408.321 314.324 374.435 108.359
PPU09994-RA  0.0188302 0.370239 0.0372647 21.5499 0.157128 1.18885
PPU09995-RA 71.6408 52.1645 50.1533 67.4676 61.1311 116.345
PPU10133-RA 102.341 353.689 165.749 174.011 242.792 1093.55
PPU10327-RA 0 1.10444 0.225154 0.664723 1.17007 0.359613
PPU10534-RA  2.25109 2.14224 4.07828 5.28122 0.679711 2.20606
PPU10539-RA 108.546 29.8708 55.1802 60.6006 36.7523 45.1494
PPU10594-RA 1.49487 6.51597 21.9292 27.5705 8.8629 10.2417
PPU10657-RA 12.493 4.61502 9.6353 13.9049 7.24958 6.08867
PPU10709-RA 0 16.7408 18.3527 22.7274 8.14239 13.9908
PPU10800-RA  93.4514 14.1047 15.4472 17.5396 46.0196 48.7904
PPU10813-RA 10.7293 0 0.0291527 0.0143976 2.66911 0
PPU10855-RA 0 0 0 0 0.169184 0
PPU10858-RA  0.168526 0 0 0.199973 0.376455 0.116946
PPU10905-RA 1.83299 3.29221 1.26258 2.67123 4.04826 591179
PPU10958-RA 140.138 80.0248 157.305 168.442 62.9283 17.882
PPU10960-RA 7.12502 3.06288 1.90229 4.56597 4.49615 9.34656
PPU10964-RA  22.2416 20.2181 9.06596 16.7172 35.667 35.5914
PPUI1183-RA  9.54954 19.0377 37.044 43.739 16.0621 14.212
PPU11296-RA 0 0.0453989 0.73655 1.39797 0.284817 2.49297
PPU11457-RA 16.0771 3.73399 9.33832 11.7832 8.69134 2.64854
PPU11536-RA 6.38106 2.39491 5.50924 7.13233 1.55975 1.94824
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PPU11611-RA  28.8356 22.1866 43.1664 29.448 28.1122 8.76064
PPU11704-RA  49.4621 38.3981 101.075 98.231 26.4388 60.2748
PPU11776-RA  84.0451 27.5244 37.4914 47.3386 30.0108 8.97052
PPU12140-RA 16.4258 14.9564 23.74 19.8806 22.5186 35.2567
PPU12236-RA  26.6792 8.90296 27.2466 21.8673 16.1181 8.75779
PPU12298-RA 19.1587 0 0 0.128996 2.41363 0.0681945
PPU12340-RA  46.022 32.6643 60.5294 59.4294 66.4703 139.947
PPU12417-RA  6.95295 1.25713 8.16274 11.9613 427484 4.39217
PPU12453-RA  77.8882 77.026 107.919 107.383 59.8016 22.8679
PPU12454-RA  39.5095 6.50045 10.058 15.3439 22.2358 9.16132
PPU12583-RA  83.7248 13.2319 36.075 32.4753 35.0603 25.3307
PPU12664-RA  2.90791 3.55342 3.33244 3.3674 22.689 11.0462
PPU12675-RA 1.02631 0.343569 0.167943 0.0785812 0.624433 0.101024
PPU12709-RA  55.8901 48.241 87.1145 102.719 75.3685 60.1672
PPU12802-RA  44.8284 7.27702 13.223 14.1854 15.7003 10.1638
PPU12823-RA  83.0432 11.4469 4.80915 15.26 26.7707 12.1541
PPU12867-RA  8.79941 49.3385 33.8238 33.7289 11.6579 6.43429
PPU13211-RA 0 16.8486 1.00192 2.53414 78.2743 11.9626
PPU13212-RA  5.64203 26.865 1.57448 1.60359 274.571 145.681
PPU13213-RA  2.19176 5.66867 2.50055 3.78425 58.0666 17.0813
PPU13254-RA  47.7486 20.9931 30.4487 37.3298 30.3554 21.8289
PPU13369-RA  72.3157 162.165 177.99 225.587 104.264 39.9567
PPU13406-RA  39.6335 16.25 16.9724 17.2784 48.8007 30.3276
PPU13433-RA 154.639 563.049 640.589 663.203 613.055 644.336
PPU13552-RA  99.6679 8.46362 21.7109 20.7903 37.7258 6.01516
PPU13693-RA  47.197 10.2184 22.3045 21.3685 24.4471 4.95692
PPU13728-RA 18.5926 8.078 20.3316 21.4393 11.1507 7.43013
PPU13750-RA  30.5488 9.00111 32.2247 34.5708 20.7395 17.4396
PPU13858-RA 1.79559 0.00916806  0.095994 0.0948226 0.369918 0.13811
PPU13926-RA 17.3452 6.19919 5.8564 7.00529 9.62022 8.30365
PPU13999-RA  6.73893 9.07787 27.4232 23.681 4.98587 7.41809
PPU14444-RA  292.626 0.176881 0.613149 0.168194 92.3145 0.88509
PPU14463-RA 19.3826 29.1122 36.1377 43.3311 29.9654 19.9332
PPU14545-RA  56.8716 11.6396 34.4733 32.4472 29.8659 16.8303
PPU14597-RA  29.3091 21.3216 23.1357 21.4095 24.4707 42.1081
PPU14600-RA  34.0892 12.9293 40.395 38.9426 21.869 34.5331
PPU14715-RA 129.684 18.4388 45.4018 41.1212 29.7259 12.8877
PPU14818-RA  87.4382 22.9013 6.17649 12.3389 170.494 35.0936
PPU14833-RA 0 0 1.89882 0 0 0
PPU15090-RA 16.5357 6.3653 10.1937 11.7893 5.84624 4.52948
PPU15278-RA  362.361 283.071 344.259 332.746 306.91 198.316
PPU15351-RA  4.78037 2.99298 4.12277 6.62603 10.7056 9.7822
PPU15439-RA  23.4348 417.126 220.995 172.41 210.743 603.903
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PPU15731-RA  0.262939 40.4587 90.63 82.8286 1.03295 5.44864
PPU15964-RA 15.3032 8.4514 22.4051 26.1602 15.2356 10.7717
PPU16116-RA 1.49527 1.46264 2.53602 3.84556 0.702726 1.83565
PPU16234-RA 65.1427 150.767 210.578 258.6 72.2978 22.3299
PPU16285-RA 0 10.4574 491146 7.61124 41.4919 8.19918
PPU16549-RA 37.3798 82.3468 69.4158 82.8031 40.1651 156.77
PPU16588-RA  0.0668106 0.555835 31.134 55.2499 0.0932691 2.43386
PPU16589-RA  0.16069 0.594322 0.835631 3.9586 110.145 80.191
PPU16623-RA 19.852 13.2171 42.1658 35379 12.656 12.5386
PPU16710-RA  24.399 21.5887 34.0408 40.0408 21.8763 17.2961
PPU17080-RA 7.68946 10.2533 27.8374 26.355 8.67249 10.7074
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GOID GO Term GOID GO Term Count  Gene List
(levell) (levell) (level2) (level2)
GO:0008150 Biological GO:0008152 metabolic process 43 PPUO03651-RA;PPU04710-RA;PPU05088-RA;PPU05089-RA;PPU08194-RA;PPU08376-RA;PPU0S377-
Process RA;PPU13433-RA;PPU05718-RA;PPU00499-RA;PPU17080-RA;PPU00059-RA;PPU02657-RA;PPU02803-
RA;PPU04462-RA;PPU04711-RA;PPU05283-RA;PPU05284-RA;PPU05285-RA;PPU05400-RA;PPU05765-
RA;PPU07299-RA;PPU07580-RA;PPU09281-RA;PPU09895-RA;PPU10327-RA;PPU12340-RA;PPU14715-
RA;PPU15090-RA;PPU15964-RA;PPU16623-RA;PPU04412-RA;PPU03371-RA;PPU09172-RA;PPU04123-
RA;PPU04166-RA;PPU13693-RA;PPU06056-RA;PPU07824-RA;PPU10905-RA;PPU11296-RA;PPU11536-
RA;PPU00209-RA
GO:0008150  Biological GO0:0009987 cellular process 55 PPU10539-RA;PPU04342-RA;PPU00499-RA;PPU17080-RA;PPU01704-RA;PPU03684-RA;PPU09895-
Process RA;PPU10958-RA;PPU12539-RA;PPU14545-RA;PPU06056-RA;PPU07824-RA;PPU10905-RA;PPU11296-
RA;PPU11536-RA;PPU05718-RA;PPU14600-RA;PPU13552-RA;PPU02491-RA;PPU04431-RA;PPU05135-
RA;PPU12802-RA;PPU03798-RA;PPU06343-RA;PPU08194-RA;PPU08376-RA;PPU08377-RA;PPU13433-
RA;PPU00059-RA;PPU02657-RA;PPU02803-RA;PPU04462-RA;PPU04711-RA;PPU05283-RA;PPU05284-
RA;PPU05285-RA;PPU05400-RA;PPU05765-RA;PPU07299-RA;PPU07580-RA;PPU09281-RA;PPU10327-
RA;PPU12340-RA;PPU14715-RA;PPU15090-RA;PPU15964-RA;PPU16623-RA;PPU04412-RA;PPU03371-
RA;PPU09172-RA;PPU02268-RA;PPU12298-RA;PPU04123-RA;PPU04166-RA;PPU13693-RA
GO:0008150 Biological G0:0023052 signaling 18 PPU04342-RA;PPU00499-RA;PPU17080-RA;PPU01704-RA;PPU03684-RA;PPU09895-RA;PPU10958-
Process RA;PPU12539-RA;PPU14545-RA;PPU06056-RA;PPU07824-RA;PPU10905-RA;PPU11296-RA;PPU11536-
RA;PPU14600-RA;PPU03798-RA;PPU06343-RA;PPU07299-RA
GO:0008150 Biological G0:0044699 single-organism 31 PPU04342-RA;PPU00499-RA;PPU17080-RA;PPU01704-RA;PPU03684-RA;PPU09895-RA;PPU10958-
Process process RA;PPU12539-RA;PPU14545-RA;PPU03651-RA;PPU04710-RA;PPU05088-RA;PPU05089-RA;PPU08194-
RA;PPU08376-RA;PPU08377-RA;PPU13433-RA;PPU06056-RA;PPU07824-RA;PPU10905-RA;PPU11296-
RA;PPU11536-RA;PPU14600-RA;PPU03798-RA;PPU06343-RA;PPU04412-RA;PPU07299-RA;PPU03371-
RA;PPU09172-RA;PPU02268-RA;PPU12298-RA
GO:0008150 Biological GO:0050896 response to 21 PPU04342-RA;PPU00499-RA;PPU17080-RA;PPU01704-RA;PPU03684-RA;PPU09895-RA;PPU10958-
Process stimulus RA;PPU12539-RA;PPU14545-RA;PPU06056-RA;PPU07824-RA;PPU10905-RA;PPU11296-RA;PPU11536-
RA;PPU14600-RA;PPU03798-RA;PPU06343-RA;PPU07299-RA;PPU04710-RA;PPU05088-RA;PPU05089-
RA
GO:0008150  Biological GO:0051179 localization 2 PPUI10958-RA;PPU03684-RA
Process
GO:0008150 Biological GO0:0065007 biological 38 PPU04342-RA;PPU00499-RA;PPU17080-RA;PPU01704-RA;PPU03684-RA;PPU09895-RA;PPU10958-
Process regulation RA;PPU12539-RA;PPU14545-RA;PPU06056-RA;PPU07824-RA;PPU10905-RA;PPU11296-RA;PPU11536-

RA;PPU14600-RA;PPU13750-RA;PPU03798-RA;PPU06343-RA;PPU01990-RA;PPU02268-RA;PPU03121-
RA;PPU03651-RA;PPU04683-RA;PPU06179-RA;PPU07049-RA;PPU08093-RA;PPU08282-RA;PPU11611-
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RA;PPU12298-RA;PPU13406-RA;PPU14444-RA;PPU14463-RA;PPU13552-RA;PPU00322-RA;PPU07299-
RA;PPU00208-RA;PPU08526-RA;PPU05117-RA
GO:0008150 Biological GO:0071840 cellular component 5 PPUI10539-RA;PPU13552-RA;PPU04412-RA;PPU03371-RA;PPU09172-RA
Process organization or
biogenesis
GO0O:0003674  Molecular G0:0001071 nucleic acid 16 PPU01990-RA;PPU02268-RA;PPU03121-RA;PPU03651-RA;PPU04342-RA;PPU04683-RA;PPU06179-
Function binding RA;PPU07049-RA;PPU08093-RA;PPU08282-RA;PPU11611-RA;PPU12298-RA;PPU13406-RA;PPU14444-
transcription factor RA;PPU14463-RA;PPU14600-RA
activity
GO0O:0003674  Molecular G0:0003824 catalytic activity 46  PPU00209-RA;PPU05088-RA;PPU05089-RA;PPU03651-RA;PPU10958-RA;PPU12454-RA;PPU04710-
Function RA;PPU02491-RA;PPU06147-RA;PPU06149-RA;PPU07299-RA;PPU10905-RA;PPU00059-RA;PPU02657-
RA;PPU04462-RA;PPU04711-RA;PPU05285-RA;PPU05400-RA;PPU05765-RA;PPU07580-RA;PPU09281-
RA;PPU09895-RA;PPU10327-RA;PPU12340-RA;PPU14715-RA;PPU15090-RA;PPU15964-RA;PPU16623-
RA;PPU03371-RA;PPU09172-RA;PPU05718-RA;PPU02803-RA;PPU05283-RA;PPU05284-RA;PPU06056-
RA;PPU07824-RA;PPU11296-RA;PPU11536-RA;PPU00499-RA;PPU11457-RA;PPU17080-RA;PPU08194-
RA;PPU08376-RA;PPU08377-RA;PPU13433-RA;PPU04412-RA
GO0O:0003674  Molecular GO0:0004871 signal transducer 7 PPU04342-RA;PPU14600-RA;PPU07299-RA;PPU02803-RA;PPU04462-RA;PPU05765-RA;PPU09895-RA
Function activity
GO0O:0003674  Molecular GO0:0005488 binding 68 PPU02268-RA;PPU04342-RA;PPU04683-RA;PPU11611-RA;PPU12298-RA;PPU14600-RA;PPU08276-
Function RA;PPU03651-RA;PPU02576-RA;PPU15278-RA;PPU04123-RA;PPU04166-RA;PPU13693-RA;PPU01990-
RA;PPU07049-RA;PPU08093-RA;PPU13406-RA;PPU03121-RA;PPU03798-RA;PPU04412-RA;PPU06179-
RA;PPU07299-RA;PPU10534-RA;PPU10657-RA;PPU10800-RA;PPU11457-RA;PPU12454-RA;PPU12539-
RA;PPU12583-RA;PPU14463-RA;PPU15090-RA;PPU16116-RA;PPU13552-RA;PPU02727-RA;PPU03684-
RA;PPU10958-RA;PPU00322-RA;PPU00054-RA;PPU03042-RA;PPU05545-RA;PPU11183-RA;PPU13728-
RA;PPU15351-RA;PPU08194-RA;PPU08376-RA;PPU08377-RA;PPU13433-RA;PPU04710-RA;PPU04851-
RA;PPUO1146-RA;PPU00059-RA;PPU02657-RA;PPU02803-RA;PPU04462-RA;PPU04711-RA;PPU05283-
RA;PPU05284-RA;PPU05285-RA;PPU05400-RA;PPU05765-RA;PPU07580-RA;PPU09281-RA;PPU0989S5-
RA;PPU10327-RA;PPU12340-RA;PPU14715-RA;PPU15964-RA;PPU16623-RA
GO0O:0003674  Molecular G0:0016209 antioxidant activity 7 PPUO05088-RA;PPU05089-RA;PPU04710-RA;PPU08194-RA;PPU08376-RA;PPU08377-RA;PPU13433-RA
Function
GO0O:0003674  Molecular GO:0060089 molecular 3 PPU04342-RA;PPU14600-RA;PPU07299-RA
Function transducer activity
GO:0003674  Molecular GO:0098772 molecular function 5 PPUI12539-RA;PPU00208-RA;PPU08526-RA;PPU01704-RA;PPU14545-RA
Function regulator
GO:0005575  Cellular GO:0005576 extracellular region 1 PPUO1146-RA
Component
GO:0005575  Cellular G0:0005623 cell 29 PPU02491-RA;PPU04123-RA;PPU04166-RA;PPU04431-RA;PPU10539-RA;PPU13552-RA;PPU13693-
Component RA;PPU00208-RA;PPU08526-RA;PPU03798-RA;PPU01704-RA;PPU14545-RA;PPU01990-RA;PPU02268-

RA;PPU03121-RA;PPU03651-RA;PPU04342-RA;PPU04412-RA;PPU04683-RA;PPU06179-RA;PPU08282-
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macromolecular
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membrane part

cell part

16

29

RA;PPU11611-RA;PPU12298-RA;PPU13750-RA;PPU14444-RA;PPU14463-RA;PPU14600-RA;PPU03684-
RA;PPU10958-RA
PPU03775-RA;PPU10905-RA;PPU12539-RA;PPU03684-RA;PPU07299-RA;PPU10958-RA

PPU00208-RA;PPU08526-RA;PPU03798-RA;PPU12539-RA;PPU01704-RA;PPU14545-RA

PPUO01990-RA;PPU02268-RA;PPU03121-RA;PPU03651-RA;PPU04342-RA;PPU04412-RA;PPU04683-
RA;PPU06179-RA;PPU08282-RA;PPU11611-RA;PPU12298-RA;PPU13552-RA;PPU13750-RA;PPU14444-
RA;PPU14463-RA;PPU14600-RA

PPU03775-RA;PPU10905-RA;PPU12539-RA

PPU02491-RA;PPU04123-RA;PPU04166-RA;PPU04431-RA;PPU10539-RA;PPU13552-RA;PPU13693-
RA;PPU00208-RA;PPU08526-RA;PPU03798-RA;PPU01704-RA;PPU14545-RA;PPU01990-RA;PPU02268-
RA;PPU03121-RA;PPU03651-RA;PPU04342-RA;PPU04412-RA;PPU04683-RA;PPU06179-RA;PPU08282-
RA;PPU11611-RA;PPU12298-RA;PPU13750-RA;PPU14444-RA;PPU14463-RA;PPU14600-RA;PPU03684-
RA;PPU10958-RA
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Pathway Pathway K id DEGs Desciption

25°C vs. 35°C 3h =

Antigen processing  ko04612

and presentation K01365 PPU00S66-RA  CTSL; cathepsin L
K03283  PPUO03831-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K04079  PPUO00804-RA  HSP90A, htpG; molecular chaperone HtpG

Longevity ko04213

reflflll‘:fl;?eg Sp;;g‘::‘y K03283  PPU03831-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K09542  PPU04128-RA  CRYAB; crystallin, alpha B
K09542  PPU04131-RA  CRYAB; crystallin, alpha B
K09542  PPU04132-RA  CRYAB; crystallin, alpha B

Prion diseases ko05020
K03283  PPUO03831-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K09553  PPU11533-RA  STIPI; stress-induced-phosphoprotein 1

Legionellosis ko05134
K00239  PPU09994-RA  sdhA, frdA; succinate dehydrogenase /

fumarate reductase, flavoprotein subunit

K03283  PPUO03831-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8

Protein processing ~ ko04141

ir‘;tf:lﬁfgasmic K03283  PPU03831-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K04079  PPUO00804-RA  HSP90A, htpG; molecular chaperone HtpG
K09542  PPU04128-RA  CRYAB; crystallin, alpha B
K09542  PPU04131-RA  CRYAB; crystallin, alpha B
K09542  PPU04132-RA  CRYAB; crystallin, alpha B
K09556  PPUO07557-RA BAG?2; BCL2-associated athanogene 2

Measles ko05162
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Estrogen signaling
pathway

Toxoplasmosis

Influenza A

Pancreatic
secretion

Caffeine
metabolism

Starch and sucrose
metabolism

Steroid hormone
biosynthesis

Chemical
carcinogenesis

ko04915

ko05145

ko05164

ko04972

ko00232

ko00500

ko00140

ko05204

K03283
K03283
K03283
K03283

K03283
K03283
K03283
K03283
K04079

K03283
K03283
K03283
K03283

KO01312
K03283
K03283
K03283
K03283

KO01176
KO01176
KO01312
K14073

K00106
K00365

KO01176

KO01176

KO01187

K00699
K07424

K00699
KO00816

K07424

PPUO03831-RA
PPU04479-RA
PPU09869-RA
PPU09871-RA

PPUO03831-RA
PPU04479-RA
PPU09869-RA
PPU09871-RA
PPUO00804-RA

PPUO03831-RA
PPU04479-RA
PPU09869-RA
PPU09871-RA

PPU06222-RA
PPUO03831-RA
PPU04479-RA
PPU09869-RA
PPU09871-RA

PPU13714-RA
PPU11451-RA
PPU06222-RA
PPU03462-RA

PPUO05100-RA
PPU11141-RA

PPU13714-RA

PPU11451-RA

PPU09682-RA

PPUO07393-RA
PPU09664-RA

PPUO07393-RA
PPU12436-RA

PPU09664-RA

HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8

HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
HSP90A, htpG; molecular chaperone HtpG

HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8

PRSS1 2 3; trypsin

HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8

AMY, amyA, malS; alpha-amylase

AMY, amyA, malS; alpha-amylase

PRSS1 2 3; trypsin

PNLIP, PL; pancreatic triacylglycerol lipase

XDH; xanthine dehydrogenase/oxidase

uaZ; urate oxidase

AMY, amyA, malS; alpha-amylase
AMY, amyA, malS; alpha-amylase

malZ; alpha-glucosidase

UGT,; glucuronosyltransferase

CYP3A; cytochrome P450 family 3
subfamily A

UGT,; glucuronosyltransferase

CCBL; kynurenine---oxoglutarate
transaminase / cysteine-S-conjugate beta-
lyase / glutamine---phenylpyruvate
transaminase

CYP3A; cytochrome P450 family 3
subfamily A

25°C vs. 35°C 6h
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Antigen processing  ko04612
and presentation K01365 PPU00866-RA  CTSL; cathepsin L
KO03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K04079  PPUO00804-RA  HSP90A, htpG; molecular chaperone HtpG
Longevity ko04213
ref}‘fﬁ‘f};?eg Sp;‘fc‘l‘::y K03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K09542  PPU04128-RA  CRYAB; crystallin, alpha B
K09542  PPU04131-RA  CRYAB; crystallin, alpha B
K09542  PPU04132-RA  CRYAB; crystallin, alpha B
Protein processing ~ ko04141
;‘; t‘f:ﬁflillasmic K03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K04079  PPUO00804-RA  HSP90A, htpG; molecular chaperone HtpG
K09542  PPU04128-RA  CRYAB; crystallin, alpha B
K09542  PPU04131-RA  CRYAB; crystallin, alpha B
K09542  PPU04132-RA  CRYAB; crystallin, alpha B
25°C vs. 35°C 12h
Antigen processing  ko04612
and presentation K01365 PPU00866-RA  CTSL; cathepsin L
K03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K04079  PPUO00804-RA  HSP90A, htpG; molecular chaperone HtpG
Longevity ko04213
regulating pathway K03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
- multiple species
K03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K09542  PPU04128-RA  CRYAB; crystallin, alpha B
K09542  PPU04131-RA  CRYAB; crystallin, alpha B
K09542  PPU04132-RA  CRYAB; crystallin, alpha B
Prion diseases ko05020
KO03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K09553  PPU11533-RA  STIPI; stress-induced-phosphoprotein 1
Quorum sensing ko02024
KO01183  PPU07620-RA  E3.2.1.14; chitinase
KO01183  PPU11290-RA  E3.2.1.14; chitinase
KO01183  PPU00035-RA  E3.2.1.14; chitinase
K01580  PPU12550-RA  E4.1.1.15, gadB, gadA, GAD; glutamate

decarboxylase
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K01580  PPU00249-RA  E4.1.1.15, gadB, gadA, GAD; glutamate
decarboxylase
Legionellosis ko05134
K00239  PPU09994-RA  sdhA, frdA; succinate dehydrogenase /
fumarate reductase, flavoprotein subunit
KO03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
Protein processing ~ ko04141
;‘;tf:lﬁfgasmlc K03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K04079  PPUO00804-RA  HSP90A, htpG; molecular chaperone HtpG
K09542  PPU04128-RA  CRYAB; crystallin, alpha B
K09542  PPU04131-RA  CRYAB; crystallin, alpha B
K09542  PPU04132-RA  CRYAB; crystallin, alpha B
K10099  PPU08677-RA  FBXO2, NFB42; F-box protein 2
25°C vs. 35°C 5d
Cell cycle ko04110
K02209  PPU04675-RA  MCMS, CDC46; DNA replication licensing
factor MCM5
K02210  PPU04184-RA  MCM7, CDC47; DNA replication licensing
factor MCM7
K02212  PPU10584-RA  MCM4, CDC54; DNA replication licensing
factor MCM4
K02213  PPU04952-RA  CDCG6; cell division control protein 6
K02214  PPUO01594-RA  CDCT; cell division control protein 7
K02537  PPUO07955-RA  MAD?2; mitotic spindle assembly checkpoint
protein MAD2
K02541 PPU10175-RA  MCM3; DNA replication licensing factor
MCM3
K02542  PPU12749-RA  MCM6; DNA replication licensing factor
MCM6
K03094 PPUO08316-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094 PPU13873-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094  PPU09757-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K04498  PPU04339-RA  EP300, CREBBP, KAT3; E1A/CREB-
binding protein
K04498 PPU12403-RA  EP300, CREBBP, KAT3; E1A/CREB-
binding protein
K04498 PPU11822-RA  EP300, CREBBP, KAT3; E1A/CREB-
binding protein
K04802  PPU04168-RA  PCNA,; proliferating cell nuclear antigen
K06626  PPU16016-RA  CCNE; G1/S-specific cyclin-E1
K06628  PPU05434-RA  CDC45; cell division control protein 45
K06640  PPU09784-RA  ATR,; serine/threonine-protein kinase ATR
K06641  PPUO08348-RA  CHEKZ2; serine/threonine-protein kinase
CHEK2
K08866  PPU09941-RA  TTK, MPS1; serine/threonine-protein kinase
TTK/MPS1
K10151  PPU02951-RA  CCND2; G1/S-specific cyclin-D2
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DNA replication

Cell cycle - yeast

Antigen processing

and presentation

ko03030

ko04111

ko04612

K02209

K02210

K02212

K02321
K02324
K02328
K02541

K02542

K02684
K04802
KO07466
K10739
K10742

K10747

K02209

K02210

K02212

K02213
K02214
K02537

K02541

K02542

K03094

K03094

K03094

K06628
K06641

K06674

K06678
K08866

KO01365
K03283
K03283
K03283

PPU04675-RA

PPUO04184-RA

PPU10584-RA

PPU12790-RA
PPU04634-RA
PPUO04154-RA
PPU10175-RA

PPU12749-RA

PPU15828-RA
PPUO04168-RA
PPU08237-RA
PPU12692-RA
PPU08022-RA

PPUO07349-RA

PPU04675-RA

PPUO04184-RA

PPU10584-RA

PPU04952-RA
PPUO01594-RA
PPUO07955-RA

PPU10175-RA

PPU12749-RA

PPUO08316-RA

PPU13873-RA

PPU09757-RA

PPUO05434-RA
PPUO08348-RA

PPU04676-RA

PPU16717-RA
PPU09941-RA

PPUO00866-RA
PPUO03831-RA
PPU04479-RA
PPU09869-RA

MCMS5, CDC46; DNA replication licensing
factor MCM5

MCM?7, CDC47; DNA replication licensing
factor MCM7

MCM4, CDC54; DNA replication licensing
factor MCM4

POLA2; DNA polymerase alpha subunit B

POLE; DNA polymerase epsilon subunit 1
POLD2; DNA polymerase delta subunit 2

MCM3; DNA replication licensing factor
MCM3

MCMB6; DNA replication licensing factor
MCM6

PRI1; DNA primase small subunit

PCNA; proliferating cell nuclear antigen
RFAL1, RPA1, rpa; replication factor Al
RFA2, RPA2; replication factor A2

DNA2; DNA replication ATP-dependent
helicase Dna2
LIG1; DNA ligase 1

MCMS5, CDC46; DNA replication licensing
factor MCM5

MCM?7, CDC47; DNA replication licensing
factor MCM7

MCM4, CDC54; DNA replication licensing
factor MCM4

CDC6; cell division control protein 6

CDCT7; cell division control protein 7

MAD2; mitotic spindle assembly checkpoint
protein MAD2

MCM3; DNA replication licensing factor
MCM3

MCMB6; DNA replication licensing factor
MCM6

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

CDCH45; cell division control protein 45

CHEK2; serine/threonine-protein kinase
CHEK2

SMC2; structural maintenance of
chromosome 2

YCG1, CAPG; condensin complex subunit 3

TTK, MPS1; serine/threonine-protein kinase
TTK/MPS1

CTSL; cathepsin L

HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
HSPATs; heat shock 70kDa protein 1/2/6/8
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KO03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K04079  PPUO00804-RA  HSP90A, htpG; molecular chaperone HtpG
K09490  PPU09930-RA  HSPAS, BIP; heat shock 70kDa protein 5
Prion diseases ko05020
KO03283  PPUO03831-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU04479-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
KO03283  PPU09869-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K03283  PPU09871-RA  HSPAIs; heat shock 70kDa protein 1/2/6/8
K09490  PPU09930-RA  HSPAS, BIP; heat shock 70kDa protein 5
K09553  PPU11533-RA  STIPI; stress-induced-phosphoprotein 1
Hedgehog ko04341
signaling pathway -
fly
K03094 PPUO08316-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094  PPU13873-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094  PPU09757-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K06228  PPU12377-RA  FU; fused
K09319  PPU06502-RA  EN; homeobox protein engrailed
K10523  PPUO03547-RA  SPOP; speckle-type POZ protein
K10523  PPU07297-RA  SPOP; speckle-type POZ protein
K10523  PPU11297-RA  SPOP; speckle-type POZ protein
K10523  PPUO08689-RA  SPOP; speckle-type POZ protein
Meiosis - yeast ko04113
K02209  PPU04675-RA  MCMS, CDC46; DNA replication licensing
factor MCM5
K02210  PPU04184-RA  MCM7, CDC47; DNA replication licensing
factor MCM7
K02212  PPU10584-RA  MCM4, CDC54; DNA replication licensing
factor MCM4
K02213  PPU04952-RA  CDC6; cell division control protein 6
K02214  PPUO01594-RA  CDCT; cell division control protein 7
K02537  PPUO07955-RA  MAD?2; mitotic spindle assembly checkpoint
protein MAD2
K02541 PPU10175-RA  MCM3; DNA replication licensing factor
MCM3
K02542  PPU12749-RA  MCM6; DNA replication licensing factor
MCM6
K06628  PPU05434-RA  CDCA4S; cell division control protein 45
25°C vs. 35°C 10d
Cell cycle ko04110
K02209  PPU04675-RA  MCMS, CDC46; DNA replication licensing
factor MCM5
K02210  PPU04184-RA  MCM7, CDC47; DNA replication licensing
factor MCM7
K02212  PPU10584-RA  MCM4, CDC54; DNA replication licensing
factor MCM4
K02213  PPU04952-RA  CDC6; cell division control protein 6
K02214  PPUO01594-RA  CDCT; cell division control protein 7
K02541  PPU10175-RA  MCM3; DNA replication licensing factor

MCM3
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Alcoholism

Cell cycle - yeast

ko05034

ko04111

K02542

K03094

K03094

K03363

K04498

K04498

K05868
K05868
K06626
K06628
K06640
K06641

K08866

K02183
K02183
K04345
K04374

K04534

K05210

KO08155

K11251
K11251
K11251
K11252
K11252
K11252
K11252
K11253
K11253
K11253
K11253
K11254
K11254
K11254
K11254
K11303

PPU12749-RA

PPUO08316-RA

PPU13873-RA

PPU11775-RA

PPU12403-RA

PPU11822-RA

PPU11311-RA
PPU11762-RA
PPU16016-RA
PPU05434-RA
PPU09784-RA
PPUO08348-RA

PPU09941-RA

PPUO07061-RA
PPU10310-RA
PPU13149-RA
PPUO08093-RA

PPU09386-RA

PPUO01978-RA

PPUO08459-RA

PPUO08396-RA
PPU08465-RA
PPU12448-RA
PPUO08466-RA
PPU12449-RA
PPU12505-RA
PPU12526-RA
PPUO8186-RA
PPU08400-RA
PPU12446-RA
PPU12504-RA
PPUO8177-RA
PPU08405-RA
PPU12445-RA
PPU12527-RA
PPU11070-RA

MCMB6; DNA replication licensing factor
MCM6

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

CDC20; cell division cycle 20, cofactor of
APC complex

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

CCNBI1; G2/mitotic-specific cyclin-B1

CCNBI1; G2/mitotic-specific cyclin-B1
CCNE; G1/S-specific cyclin-E1

CDCA45; cell division control protein 45
ATR; serine/threonine-protein kinase ATR

CHEK2; serine/threonine-protein kinase
CHEK2

TTK, MPS1; serine/threonine-protein kinase
TTK/MPS1

CALM,; calmodulin
CALM,; calmodulin
PKA; protein kinase A

ATF4, CREB2; cyclic AMP-dependent
transcription factor ATF-4

GNAO, G-ALPHA-O; guanine nucleotide-
binding protein G(o) subunit alpha
GRIN2B; glutamate receptor ionotropic,
NMDA 2B

SLC18A1_2, VMAT; MFS transporter,
DHA1 family, solute carrier family 18
(vesicular amine transporter), member 1/2
H2A; histone H2A

H2A; histone H2A
H2A; histone H2A
H2B; histone H2B
H2B; histone H2B
H2B; histone H2B
H2B; histone H2B
H3; histone H3
H3; histone H3
H3; histone H3
H3; histone H3
H4; histone H4
H4; histone H4
H4; histone H4
H4; histone H4
HAT1, KATI; histone acetyltransferase 1
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Fanconi anemia
pathway

DNA replication

ko03460

ko03030

K02209

K02210

K02212

K02213
K02214
K02541

K02542

K03094

K03094

K03363

K06628
K06641

K06674

K06678
K08866

K04482
K06640
K07466
K10739
K10891
K10895
K10901

K10901

K10901

K15362

K02209

K02210

K02212

K02324
K02328
K02541

K02542

K02684
K07466
K10739

PPU04675-RA

PPUO04184-RA

PPU10584-RA

PPU04952-RA
PPUO01594-RA
PPU10175-RA

PPU12749-RA

PPUO08316-RA

PPU13873-RA

PPU11775-RA

PPU05434-RA
PPUO08348-RA

PPU04676-RA

PPU16717-RA
PPU09941-RA

PPU12792-RA
PPU09784-RA
PPU08237-RA
PPU12692-RA
PPU10147-RA
PPUO05919-RA
PPU04995-RA

PPU12559-RA

PPU11278-RA

PPU13983-RA

PPU04675-RA

PPUO04184-RA

PPU10584-RA

PPU04634-RA
PPUO04154-RA
PPU10175-RA

PPU12749-RA

PPU15828-RA
PPU08237-RA
PPU12692-RA

MCMS5, CDC46; DNA replication licensing
factor MCM5

MCM?7, CDC47; DNA replication licensing
factor MCM7

MCM4, CDC54; DNA replication licensing
factor MCM4

CDCE6; cell division control protein 6

CDCT7; cell division control protein 7

MCM3; DNA replication licensing factor
MCM3

MCM6; DNA replication licensing factor
MCM6

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

CDC20; cell division cycle 20, cofactor of
APC complex

CDCA45; cell division control protein 45

CHEK2; serine/threonine-protein kinase
CHEK2

SMC2; structural maintenance of
chromosome 2

YCG1, CAPG; condensin complex subunit 3

TTK, MPS1; serine/threonine-protein kinase
TTK/MPS1

RADS51; DNA repair protein RADS51

ATR; serine/threonine-protein kinase ATR
RFAL1, RPA1, rpa; replication factor Al
RFA2, RPA2; replication factor A2
FANCD?2; fanconi anemia group D2 protein
FANCI; fanconi anemia group I protein

BLM, RECQL3, SGS1; bloom syndrome
protein

BLM, RECQL3, SGS1; bloom syndrome
protein

BLM, RECQL3, SGS1; bloom syndrome
protein

BRIP1, BACH1, FANC]J; fanconi anemia
group J protein

MCMS5, CDC46; DNA replication licensing
factor MCM5

MCM?7, CDC47; DNA replication licensing
factor MCM7

MCM4, CDC54; DNA replication licensing
factor MCM4

POLE; DNA polymerase epsilon subunit 1

POLD2; DNA polymerase delta subunit 2

MCM3; DNA replication licensing factor
MCM3

MCMB6; DNA replication licensing factor
MCM6

PRI1; DNA primase small subunit

RFAL1, RPA1, rpa; replication factor Al
RFA2, RPA2; replication factor A2
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Lysosome

Glycosaminoglyca

n degradation

Homologous
recombination

p53 signaling
pathway

ko04142

ko00531

ko03440

ko04115

K10742

K10756

KO01137
KO01195
KO01195
K01206
KO01365
K12309
K12309
K12347

K12347

K12347

K12373
K12385
K13443
K13443
K13443

KO01137
KO01195
KO01195
K12309
K12309
K12373

K02328
K04482
K07466
K10739
K10875

K10877

K10901

K10901

K10901

K15362

KO01110

PPU08022-RA

PPUO07648-RA

PPU10678-RA
PPU05475-RA
PPU05477-RA
PPU09218-RA
PPUO00866-RA
PPUO07966-RA
PPU07967-RA
PPU16040-RA

PPU16041-RA

PPUO03016-RA

PPU00496-RA
PPUO07908-RA
PPU16722-RA
PPU16796-RA
PPU14747-RA

PPU10678-RA
PPU05475-RA
PPU05477-RA
PPUO07966-RA
PPUO07967-RA
PPU00496-RA

PPUO04154-RA
PPU12792-RA
PPU08237-RA
PPU12692-RA
PPU10628-RA

PPU10708-RA

PPUO04995-RA

PPU12559-RA

PPU11278-RA

PPU13983-RA

PPUO5718-RA

DNAZ2; DNA replication ATP-dependent
helicase Dna2
RFC3_5; replication factor C subunit 3/5

GNS; N-acetylglucosamine-6-sulfatase
uidA, GUSB; beta-glucuronidase
uidA, GUSB; beta-glucuronidase
FUCA; alpha-L-fucosidase

CTSL; cathepsin L

GLB1, ELNRI1; beta-galactosidase
GLB1, ELNRI1; beta-galactosidase

SLC11A1, NRAMPI; natural resistance-
associated macrophage protein 1
SLC11A1, NRAMPI; natural resistance-
associated macrophage protein 1
SLC11A1, NRAMPI; natural resistance-
associated macrophage protein 1
HEXA B; hexosaminidase

NPC1; Niemann-Pick C1 protein
NPC2; Niemann-Pick C2 protein
NPC2; Niemann-Pick C2 protein
NPC2; Niemann-Pick C2 protein

GNS; N-acetylglucosamine-6-sulfatase
uidA, GUSB; beta-glucuronidase
uidA, GUSB; beta-glucuronidase
GLB1, ELNRI1; beta-galactosidase
GLB1, ELNRI1; beta-galactosidase
HEXA B; hexosaminidase

POLD2; DNA polymerase delta subunit 2
RADS51; DNA repair protein RADS51
RFAL1, RPA1, rpa; replication factor Al
RFA2, RPA2; replication factor A2
RADS54L, RAD54; DNA repair and

recombination protein RAD54 and RAD54-

like protein

RADS54B; DNA repair and recombination
protein RAD54B

BLM, RECQL3, SGS1; bloom syndrome
protein

BLM, RECQL3, SGS1; bloom syndrome
protein

BLM, RECQL3, SGS1; bloom syndrome
protein

BRIP1, BACH1, FANC]J; fanconi anemia
group J protein

PTEN; phosphatidylinositol-3,4,5-
trisphosphate 3-phosphatase and dual-
specificity protein phosphatase PTEN
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K05868  PPU11311-RA  CCNBI; G2/mitotic-specific cyclin-B1

K05868  PPU11762-RA  CCNBI; G2/mitotic-specific cyclin-B1

K06626  PPU16016-RA  CCNE; G1/S-specific cyclin-E1

K06640  PPU09784-RA  ATR,; serine/threonine-protein kinase ATR

K06641  PPUO08348-RA  CHEKZ; serine/threonine-protein kinase
CHEK2

K10808  PPU10975-RA  RRM2; ribonucleoside-diphosphate reductase
subunit M2

25°C vs. 35°C 15d
Cell cycle ko04110

K02087  PPU15354-RA  CDKI1, CDC2; cyclin-dependent kinase 1

K02209 PPU04675-RA  MCMS, CDC46; DNA replication licensing
factor MCM5

K02210  PPU0O4184-RA  MCM7, CDC47; DNA replication licensing
factor MCM7

K02212  PPU10584-RA  MCM4, CDC54; DNA replication licensing
factor MCM4

K02213  PPU04952-RA  CDC6; cell division control protein 6

K02214  PPUO01594-RA  CDCT; cell division control protein 7

K02537  PPU07955-RA MAD?2; mitotic spindle assembly checkpoint
protein MAD2

K02540  PPU12990-RA  MCM2; DNA replication licensing factor
MCM2

K02541  PPU10175-RA  MCM3; DNA replication licensing factor
MCM3

K02542  PPU12749-RA  MCM6; DNA replication licensing factor
MCM6

K02605 PPU12496-RA  ORCS3; origin recognition complex subunit 3

K03094 PPUO08315-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1

K03094 PPUO08316-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1

K03094 PPUO08318-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1

K03094  PPUO08319-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1

K03094  PPUO08321-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1

K03094  PPU08322-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1

K03094 PPU13873-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1

K03094  PPU09757-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1

K03363  PPU11775-RA  CDC20; cell division cycle 20, cofactor of
APC complex

K03875  PPU04058-RA  SKP2, FBXL1; F-box and leucine-rich repeat
protein 1 (S-phase kinase-associated protein
2)

K04498  PPU04339-RA  EP300, CREBBP, KAT3; E1A/CREB-
binding protein

K04498 PPU12403-RA  EP300, CREBBP, KAT3; E1A/CREB-
binding protein

K04498 PPU12444-RA  EP300, CREBBP, KAT3; E1A/CREB-
binding protein

K04498 PPU11822-RA  EP300, CREBBP, KAT3; E1A/CREB-
binding protein

K04498  PPU09898-RA  EP300, CREBBP, KAT3; E1A/CREB-
binding protein

K04501 PPU03472-RA SMADA4; mothers against decapentaplegic

homolog 4
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Cell cycle - yeast

ko04111

K04728
K04802
K05868
K05868
K06626
K06627
K06628
K06631
K06640
K06641

K06642

K08866

K08866

K10151

K02209

K02210

K02212

K02213
K02214
K02516

K02537

K02540

K02541

K02542

K02605
K03094

K03094

K03094

K03094

K03094

K03094

K03094

K03094

K03363

K06628

PPUO00481-RA
PPUO04168-RA
PPU11311-RA
PPU11762-RA
PPU16016-RA
PPUO1123-RA
PPU05434-RA
PPU06867-RA
PPU09784-RA
PPUO08348-RA

PPU12368-RA

PPU09698-RA

PPU09941-RA

PPU02951-RA

PPU04675-RA

PPUO04184-RA

PPU10584-RA

PPU04952-RA
PPUO01594-RA
PPUO00490-RA

PPUO7955-RA

PPU12990-RA

PPU10175-RA

PPU12749-RA

PPU12496-RA
PPUO8315-RA

PPUO08316-RA

PPUO8318-RA

PPUO08319-RA

PPUO08321-RA

PPU08322-RA

PPU13873-RA

PPU09757-RA

PPU11775-RA

PPUO05434-RA

ATM, TEL1; serine-protein kinase ATM
PCNA; proliferating cell nuclear antigen
CCNBI1; G2/mitotic-specific cyclin-B1
CCNBI1; G2/mitotic-specific cyclin-B1
CCNE; G1/S-specific cyclin-E1

CCNA; cyclin-A

CDCA45; cell division control protein 45
PLK1; polo-like kinase 1

ATR; serine/threonine-protein kinase ATR

CHEK2; serine/threonine-protein kinase
CHEK2

PRKDC; DNA-dependent protein kinase
catalytic subunit

TTK, MPS1; serine/threonine-protein kinase
TTK/MPS1

TTK, MPS1; serine/threonine-protein kinase
TTK/MPS1

CCND2; G1/S-specific cyclin-D2

MCMS5, CDC46; DNA replication licensing
factor MCM5

MCM?7, CDC47; DNA replication licensing
factor MCM7

MCM4, CDC54; DNA replication licensing
factor MCM4

CDCE6; cell division control protein 6

CDCT7; cell division control protein 7

PRMTS5, HSL7; type II protein arginine
methyltransferase

MAD2; mitotic spindle assembly checkpoint
protein MAD2

MCM2; DNA replication licensing factor
MCM2

MCM3; DNA replication licensing factor
MCM3

MCMB6; DNA replication licensing factor
MCM6

ORC3; origin recognition complex subunit 3

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

CDC20; cell division cycle 20, cofactor of
APC complex

CDCA45; cell division control protein 45
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K06641  PPUO08348-RA  CHEKZ; serine/threonine-protein kinase
CHEK2

K06674  PPU04676-RA  SMC2; structural maintenance of
chromosome 2

K06676  PPU06494-RA BRRNI1, BRN1, CAPH; condensin complex

subunit 2

K06677  PPU06746-RA  YCS4, CNAP1, CAPD2; condensin complex
subunit 1

K06677  PPU15366-RA  YCS4, CNAP1, CAPD2; condensin complex
subunit 1

K06678  PPU16717-RA  YCGI, CAPG; condensin complex subunit 3
K08866  PPU09698-RA  TTK, MPS1; serine/threonine-protein kinase

TTK/MPS1
K08866  PPU09941-RA  TTK, MPS1; serine/threonine-protein kinase
TTK/MPS1
Hedgehog ko04341
signaling pathway -
fly
K03094 PPUO08315-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094  PPUO08316-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094 PPUO08318-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094 PPUO08319-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094 PPUO08321-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094  PPU08322-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094 PPU13873-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1
K03094  PPU09757-RA  SKP1, CBF3D; S-phase kinase-associated
protein 1

K04345  PPU13149-RA  PKA; protein kinase A

K06224  PPU11228-RA  HH; hedgehog

K06226  PPU04359-RA  SMO; smoothened

K06228  PPU12377-RA  FU; fused

K10523  PPUO03547-RA  SPOP; speckle-type POZ protein

K10523  PPUO05484-RA  SPOP; speckle-type POZ protein

K10523  PPUO06018-RA  SPOP; speckle-type POZ protein

K10523  PPU06067-RA  SPOP; speckle-type POZ protein

K10523  PPU07297-RA  SPOP; speckle-type POZ protein

K10523  PPU14734-RA  SPOP; speckle-type POZ protein

K10523  PPUO08689-RA  SPOP; speckle-type POZ protein
DNA replication ko03030

K02209  PPU04675-RA  MCMS, CDC46; DNA replication licensing

factor MCM5

K02210  PPU04184-RA  MCM7, CDC47; DNA replication licensing
factor MCM7

K02212  PPU10584-RA  MCM4, CDC54; DNA replication licensing
factor MCM4

K02321 PPU12790-RA  POLAZ2; DNA polymerase alpha subunit B
K02324  PPU04634-RA  POLE; DNA polymerase epsilon subunit 1
K02328 PPU04154-RA  POLD2; DNA polymerase delta subunit 2

K02540  PPU12990-RA  MCM2; DNA replication licensing factor
MCM2
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Pathways in cancer

ko05200

K02541

K02542

K02684
K02685
K04802
KO07466
K07466
K10739
K10742

K10747
K10755
K10756

K00799
K00799
K00799
KO01110

K02183
K02842
K03094

K03094

K03094

K03094

K03094

K03094

K03094

K03094

KO03875

K04079
K04079
K04345
K04482
K04498

K04498

K04498

K04498

PPU10175-RA

PPU12749-RA

PPU15828-RA
PPU06749-RA
PPUO04168-RA
PPU04285-RA
PPU08237-RA
PPU12692-RA
PPU08022-RA

PPUO07349-RA
PPU13800-RA
PPUO07648-RA

PPUO08124-RA
PPUO8125-RA
PPU10608-RA
PPUO5718-RA

PPU10310-RA
PPU07897-RA
PPUO8315-RA

PPUO08316-RA

PPUO8318-RA

PPUO08319-RA

PPUO08321-RA

PPU08322-RA

PPU13873-RA

PPU09757-RA

PPU04058-RA

PPU11712-RA
PPUO00804-RA
PPU13149-RA
PPU12792-RA
PPU04339-RA

PPU12403-RA

PPU12444-RA

PPU11822-RA

MCM3; DNA replication licensing factor
MCM3

MCMB6; DNA replication licensing factor
MCM6

PRI1; DNA primase small subunit

PRI2; DNA primase large subunit
PCNA; proliferating cell nuclear antigen
RFAL1, RPA1, rpa; replication factor Al
RFAL1, RPA1, rpa; replication factor Al
RFA2, RPA2; replication factor A2

DNA2; DNA replication ATP-dependent
helicase Dna2
LIG1; DNA ligase 1

RFC2_4; replication factor C subunit 2/4
RFC3_5; replication factor C subunit 3/5

GST, gst; glutathione S-transferase
GST, gst; glutathione S-transferase
GST, gst; glutathione S-transferase

PTEN; phosphatidylinositol-3,4,5-
trisphosphate 3-phosphatase and dual-
specificity protein phosphatase PTEN
CALM,; calmodulin

FZD9 10, CD349_50; frizzled 9/10

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP2, FBXL1; F-box and leucine-rich repeat
protein 1 (S-phase kinase-associated protein
2)

HSP90A, htpG; molecular chaperone HtpG

HSP90A, htpG; molecular chaperone HtpG
PKA; protein kinase A
RADS51; DNA repair protein RADS51

EP300, CREBBP, KAT3; E1A/CREB-
binding protein
EP300, CREBBP, KAT3; E1A/CREB-
binding protein
EP300, CREBBP, KAT3; E1A/CREB-
binding protein
EP300, CREBBP, KAT3; E1A/CREB-
binding protein
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Oocyte meiosis

FoxO signaling
pathway

ko04114

ko04068

K04498

K04501

K04725

K05719
K05858

K06226
K06626
K06627
K08731

K08734
KO08735
K08737
K09091

K09848
K10151

K02087
K02183
K02537

K02602

K03094

K03094

K03094

K03094

K03094

K03094

K03094

K03094

K03363

K04345
K04348

K05868
K05868
K06626
K06631
K11481

PPUO09898-RA

PPU03472-RA

PPU15774-RA

PPU16642-RA
PPU09235-RA

PPU04359-RA
PPU16016-RA
PPUO1123-RA
PPU10541-RA

PPUO01239-RA
PPU07570-RA
PPUO1100-RA
PPUO07653-RA

PPU05667-RA
PPU02951-RA

PPU15354-RA
PPU10310-RA
PPUO07955-RA

PPU16672-RA

PPUO8315-RA

PPUO08316-RA

PPUO8318-RA

PPUO08319-RA

PPUO08321-RA

PPU08322-RA

PPU13873-RA

PPU09757-RA

PPU11775-RA

PPU13149-RA
PPU10776-RA

PPU11311-RA
PPU11762-RA
PPU16016-RA
PPUO06867-RA
PPUO04852-RA

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

SMADA4; mothers against decapentaplegic
homolog 4

XIAP, BIRC4; E3 ubiquitin-protein ligase
XIAP

ITGBI1, CD29; integrin beta 1

PLCB; phosphatidylinositol phospholipase
C, beta
SMO; smoothened

CCNE; G1/S-specific cyclin-E1
CCNA; cyclin-A

BIRCS; baculoviral IAP repeat-containing
protein 5
MLH1; DNA mismatch repair protein MLH1

MSH2; DNA mismatch repair protein MSH2
MSH6; DNA mismatch repair protein MSH6

HEY; hairy and enhancer of split related with
YRPW motif
TRAF4; TNF receptor-associated factor 4

CCND2; G1/S-specific cyclin-D2

CDK1, CDC2; cyclin-dependent kinase 1
CALM; calmodulin

MAD2; mitotic spindle assembly checkpoint
protein MAD2

CPEB, ORB; cytoplasmic polyadenylation
element-binding protein

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

CDC20; cell division cycle 20, cofactor of
APC complex

PKA; protein kinase A

PPP3C, CNA; serine/threonine-protein
phosphatase 2B catalytic subunit
CCNBI1; G2/mitotic-specific cyclin-B1

CCNBI1; G2/mitotic-specific cyclin-B1
CCNE; G1/S-specific cyclin-E1
PLK1; polo-like kinase 1

AURKA; aurora kinase A
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TGF-beta signaling
pathway

ko04350

KO01110

KO01596

K03875

K04498

K04498

K04498

K04498

K04498

K04501

K04728
K05868
K05868
K06631
K08863
K09385
K09385
K10151
K11434

K03094

K03094

K03094

K03094

K03094

K03094

K03094

K03094

K04498

K04498

K04498

K04498

K04498

K04501

K04661

PPUO5718-RA

PPU08675-RA

PPU04058-RA

PPU04339-RA

PPU12403-RA

PPU12444-RA

PPU11822-RA

PPU09898-RA

PPU03472-RA

PPUO00481-RA
PPU11311-RA
PPU11762-RA
PPUO06867-RA
PPU05979-RA
PPU07194-RA
PPUO0814-RA
PPU02951-RA
PPU13256-RA

PPUO8315-RA

PPUO08316-RA

PPUO8318-RA

PPUO08319-RA

PPUO08321-RA

PPU08322-RA

PPU13873-RA

PPU09757-RA

PPU04339-RA

PPU12403-RA

PPU12444-RA

PPU11822-RA

PPU09898-RA

PPU03472-RA

PPUO5137-RA

PTEN; phosphatidylinositol-3,4,5-
trisphosphate 3-phosphatase and dual-
specificity protein phosphatase PTEN
E4.1.1.32, pckA, PCK; phosphoenolpyruvate
carboxykinase (GTP)

SKP2, FBXL1; F-box and leucine-rich repeat
protein 1 (S-phase kinase-associated protein
2)

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

SMADA4; mothers against decapentaplegic
homolog 4

ATM, TEL1; serine-protein kinase ATM

CCNBI1; G2/mitotic-specific cyclin-B1
CCNBI1; G2/mitotic-specific cyclin-B1
PLK1; polo-like kinase 1

PLK4; polo-like kinase 4

FOXG; forkhead box protein G
FOXG; forkhead box protein G
CCND2; G1/S-specific cyclin-D2

PRMTT; type I protein arginine
methyltransferase

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

SMAD4; mothers against decapentaplegic
homolog 4

FST; follistatin
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Fanconi anemia
pathway

p53 signaling
pathway

Mismatch repair

Herpes simplex
infection

ko03460

ko04115

ko03430

ko05168

K04482
K06640
K07466
KO07466
K08734
K10739
K10858
K10891
K10895
K10896
K10901

K10901

K10901

KO01110

K02087
K04728
K05868
K05868
K06626
K06640
K06641

K10151
K10808

K02328
K04802
K07466
K07466
K08734
KO08735
K08737
K10739
K10746
K10747
K10755
K10756
K10858

PPU12792-RA
PPU09784-RA
PPU04285-RA
PPU08237-RA
PPUO01239-RA
PPU12692-RA
PPUO1701-RA
PPU10147-RA
PPUO05919-RA
PPU12439-RA
PPU04995-RA

PPU12559-RA

PPU11278-RA

PPUO5718-RA

PPU15354-RA
PPUO00481-RA
PPU11311-RA
PPU11762-RA
PPU16016-RA
PPU09784-RA
PPUO08348-RA

PPU02951-RA
PPU10975-RA

PPUO04154-RA
PPUO04168-RA
PPU04285-RA
PPU08237-RA
PPUO01239-RA
PPU07570-RA
PPUO1100-RA
PPU12692-RA
PPU12681-RA
PPU07349-RA
PPU13800-RA
PPUO07648-RA
PPUO1701-RA

RADS51; DNA repair protein RADS51

ATR; serine/threonine-protein kinase ATR
RFAL1, RPA1, rpa; replication factor Al
RFAL1, RPA1, rpa; replication factor Al
MLH1; DNA mismatch repair protein MLH1
RFA2, RPA2; replication factor A2

PMS2; DNA mismatch repair protein PMS2
FANCD?2; fanconi anemia group D2 protein
FANCI; fanconi anemia group I protein
FANCM; fanconi anemia group M protein

BLM, RECQL3, SGS1; bloom syndrome
protein
BLM, RECQL3, SGS1; bloom syndrome
protein
BLM, RECQL3, SGS1; bloom syndrome
protein

PTEN; phosphatidylinositol-3,4,5-
trisphosphate 3-phosphatase and dual-
specificity protein phosphatase PTEN
CDK1, CDC2; cyclin-dependent kinase 1

ATM, TEL1; serine-protein kinase ATM
CCNBI1; G2/mitotic-specific cyclin-B1
CCNBI1; G2/mitotic-specific cyclin-B1
CCNE; G1/S-specific cyclin-E1

ATR; serine/threonine-protein kinase ATR

CHEK2; serine/threonine-protein kinase
CHEK2
CCND2; G1/S-specific cyclin-D2

RRM2; ribonucleoside-diphosphate reductase
subunit M2

POLD2; DNA polymerase delta subunit 2
PCNA; proliferating cell nuclear antigen
RFAL1, RPA1, rpa; replication factor Al
RFAL1, RPA1, rpa; replication factor Al
MLH1; DNA mismatch repair protein MLH1
MSH2; DNA mismatch repair protein MSH2
MSH6; DNA mismatch repair protein MSH6
RFA2, RPA2; replication factor A2

EXO1; exonuclease 1

LIG1; DNA ligase 1

RFC2_4; replication factor C subunit 2/4
RFC3_5; replication factor C subunit 3/5
PMS2; DNA mismatch repair protein PMS2
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Wnat signaling
pathway

ko04310

K02087
K02633
K03094

K03094

K03094

K03094

K03094

K03094

K03094

K03094

K03130

K03875

K04498

K04498

K04498

K04498

K04498

K08860

K12881
K12896

K02842
K03094

K03094

K03094

K03094

K03094

K03094

K03094

K03094

K04345
K04348

K04498

K04498

PPU15354-RA
PPUO00892-RA
PPUO8315-RA

PPUO08316-RA

PPUO8318-RA

PPUO08319-RA

PPUO08321-RA

PPU08322-RA

PPU13873-RA

PPU09757-RA

PPU13760-RA

PPU04058-RA

PPU04339-RA

PPU12403-RA

PPU12444-RA

PPU11822-RA

PPUO09898-RA

PPUO7856-RA

PPU11021-RA
PPU13741-RA

PPU07897-RA
PPUO8315-RA

PPUO08316-RA

PPUO8318-RA

PPUO08319-RA

PPUO08321-RA

PPU08322-RA

PPU13873-RA

PPU09757-RA

PPU13149-RA
PPU10776-RA

PPU04339-RA

PPU12403-RA

CDK1, CDC2; cyclin-dependent kinase 1
PER?2; period circadian protein 2

SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
TAFS; transcription initiation factor TFIID
subunit 5

SKP2, FBXL1; F-box and leucine-rich repeat

protein 1 (S-phase kinase-associated protein
2)

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EIF2AK3; eukaryotic translation initiation
factor 2-alpha kinase 3

THOC4, ALY; THO complex subunit 4

SFRS7; splicing factor, arginine/serine-rich 7

FZD9 10, CD349_50; frizzled 9/10

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

SKP1, CBF3D; S-phase kinase-associated
protein 1

PKA; protein kinase A

PPP3C, CNA; serine/threonine-protein
phosphatase 2B catalytic subunit
EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein
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Circadian rhythm

Prostate cancer

Hepatitis B

ko04710

ko05215

ko05161

K04498

K04498

K04498

K04501

K05858

K10151

K02633
K03094

K03094

K03094

K03094

K03094

K03094

K03094

K03094

K00799
K00799
K00799
KO01110

K04079
K04079
K04374

K04498

K04498

K04498

K04498

K04498

K06626

KO01110

K04374

K04498

K04498

PPU12444-RA

PPU11822-RA

PPUO09898-RA

PPU03472-RA

PPU09235-RA

PPU02951-RA

PPUO00892-RA
PPUO8315-RA

PPUO08316-RA

PPUO8318-RA

PPUO08319-RA

PPUO08321-RA

PPU08322-RA

PPU13873-RA

PPU09757-RA

PPUO08124-RA
PPUO8125-RA
PPU10608-RA
PPUO5718-RA

PPU11712-RA
PPUO00804-RA
PPUO08093-RA

PPU04339-RA

PPU12403-RA

PPU12444-RA

PPU11822-RA

PPUO09898-RA

PPU16016-RA

PPUO5718-RA

PPUO08093-RA

PPU04339-RA

PPU12403-RA

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

SMADA4; mothers against decapentaplegic
homolog 4

PLCB; phosphatidylinositol phospholipase
C, beta

CCND2; G1/S-specific cyclin-D2

PER?2; period circadian protein 2

SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1
SKP1, CBF3D; S-phase kinase-associated
protein 1

GST, gst; glutathione S-transferase
GST, gst; glutathione S-transferase
GST, gst; glutathione S-transferase

PTEN; phosphatidylinositol-3,4,5-
trisphosphate 3-phosphatase and dual-
specificity protein phosphatase PTEN
HSP90A, htpG; molecular chaperone HtpG

HSP90A, htpG; molecular chaperone HtpG

ATF4, CREB2; cyclic AMP-dependent
transcription factor ATF-4

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

CCNE; G1/S-specific cyclin-E1

PTEN; phosphatidylinositol-3,4,5-
trisphosphate 3-phosphatase and dual-
specificity protein phosphatase PTEN
ATF4, CREB2; cyclic AMP-dependent
transcription factor ATF-4

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

149



AN L e A7

fif 5%

HTLV-I infection

Hedgehog
signaling pathway

ko05166

ko04340

K04498

K04498

K04498

K04501

K04802
K06626
K06627
K08731

K02324
K02328
K02537

K02842
K03363

K04345
K04348

K04374

K04498

K04498

K04498

K04498

K04498

K04501

K04725

K04728
K04802
K06640
K06641

K08874

K09341
K09341
K10151

K04345
K06226
K06233

K10151

PPU12444-RA

PPU11822-RA

PPUO09898-RA

PPU03472-RA

PPUO04168-RA
PPU16016-RA
PPUO1123-RA
PPU10541-RA

PPU04634-RA
PPUO04154-RA
PPUO07955-RA

PPUO7897-RA
PPU11775-RA

PPU13149-RA
PPU10776-RA

PPUO08093-RA

PPU04339-RA

PPU12403-RA

PPU12444-RA

PPU11822-RA

PPUO09898-RA

PPU03472-RA

PPU15774-RA

PPUO00481-RA
PPUO04168-RA
PPU09784-RA
PPUO08348-RA

PPUO05371-RA

PPU04885-RA
PPU04886-RA
PPU02951-RA

PPU13149-RA
PPU04359-RA
PPU15372-RA

PPU02951-RA

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

SMADA4; mothers against decapentaplegic
homolog 4

PCNA; proliferating cell nuclear antigen

CCNE; G1/S-specific cyclin-E1
CCNA; cyclin-A

BIRCS; baculoviral IAP repeat-containing
protein 5

POLE; DNA polymerase epsilon subunit 1
POLD2; DNA polymerase delta subunit 2

MAD?2; mitotic spindle assembly checkpoint
protein MAD2
FZD9 10, CD349 50; frizzled 9/10

CDC20; cell division cycle 20, cofactor of
APC complex
PKA; protein kinase A

PPP3C, CNA; serine/threonine-protein
phosphatase 2B catalytic subunit

ATF4, CREB2; cyclic AMP-dependent
transcription factor ATF-4

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

SMADA4; mothers against decapentaplegic
homolog 4

XIAP, BIRC4; E3 ubiquitin-protein ligase
XIAP

ATM, TEL1; serine-protein kinase ATM

PCNA; proliferating cell nuclear antigen
ATR; serine/threonine-protein kinase ATR

CHEK2; serine/threonine-protein kinase
CHEK2

TRRAP; transformation/transcription
domain-associated protein

MSX; homeobox protein MSX

MSX; homeobox protein MSX
CCND2; G1/S-specific cyclin-D2

PKA; protein kinase A
SMO; smoothened

LRP2; low density lipoprotein-related protein
2
CCND2; G1/S-specific cyclin-D2
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Meiosis - yeast

Homologous
recombination

Glucagon signaling

pathway

ko04113

ko03440

ko04922

K10523
K10523
K10523
K10523
K10523
K10523
K10523

K02209

K02210

K02212

K02213
K02214
K02537

K02540

K02541

K02542

K02605
K03363

K04345
K06628

K02328
K04482
K04728
K07466
K07466
K10739
K10875

K10877

K10901

K10901

K10901

K11864

KO00016
KO01596

PPU03547-RA
PPU05484-RA
PPUO06018-RA
PPU06067-RA
PPU07297-RA
PPU14734-RA
PPUO08689-RA

PPU04675-RA

PPU04184-RA

PPU10584-RA

PPU04952-RA
PPUO01594-RA
PPUO7955-RA

PPU12990-RA

PPU10175-RA

PPU12749-RA

PPU12496-RA
PPU11775-RA

PPU13149-RA
PPUO05434-RA

PPUO04154-RA
PPU12792-RA
PPUO00481-RA
PPU04285-RA
PPU08237-RA
PPU12692-RA
PPU10628-RA

PPU10708-RA

PPU04995-RA

PPU12559-RA

PPU11278-RA

PPUO04159-RA

PPU09368-RA
PPUO08675-RA

SPOP; speckle-type POZ protein
SPOP; speckle-type POZ protein
SPOP; speckle-type POZ protein
SPOP; speckle-type POZ protein
SPOP; speckle-type POZ protein
SPOP; speckle-type POZ protein
SPOP; speckle-type POZ protein

MCMS5, CDC46; DNA replication licensing
factor MCM5

MCM?7, CDC47; DNA replication licensing
factor MCM7

MCM4, CDC54; DNA replication licensing
factor MCM4

CDC6; cell division control protein 6

CDCT7; cell division control protein 7

MAD2; mitotic spindle assembly checkpoint
protein MAD2

MCM2; DNA replication licensing factor
MCM2

MCM3; DNA replication licensing factor
MCM3

MCMB6; DNA replication licensing factor
MCM6

ORC3; origin recognition complex subunit 3

CDC20; cell division cycle 20, cofactor of
APC complex
PKA; protein kinase A

CDCA45; cell division control protein 45

POLD2; DNA polymerase delta subunit 2
RADS51; DNA repair protein RADS51
ATM, TEL1; serine-protein kinase ATM
RFAL1, RPA1, rpa; replication factor Al
RFAL1, RPA1, rpa; replication factor Al
RFA2, RPA2; replication factor A2

RADS54L, RAD54; DNA repair and
recombination protein RAD54 and RAD54-
like protein

RADS54B; DNA repair and recombination
protein RAD54B

BLM, RECQL3, SGS1; bloom syndrome
protein

BLM, RECQL3, SGS1; bloom syndrome
protein

BLM, RECQL3, SGS1; bloom syndrome
protein

BRCC3, BRCC36; BRCA1/BRCA2-
containing complex subunit 3

LDH, 1dh; L-lactate dehydrogenase

E4.1.1.32, pckA, PCK; phosphoenolpyruvate
carboxykinase (GTP)
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MicroRNAs in
cancer

Progesterone-
mediated oocyte
maturation

ko05206

ko04914

K02183
K03841
K04345
K04348

K04374

K04498

K04498

K04498

K04498

K04498

K05858

K11434

K00558

KO01110

K04498

K04498

K04498

K04498

K04498

K04728
K06626
K10151
K10373
K10373
K12035

K12035

K02087
K02537

K02602

K04079
K04079
K04345
K05868

PPU10310-RA
PPUO05038-RA
PPU13149-RA
PPU10776-RA

PPUO08093-RA

PPU04339-RA

PPU12403-RA

PPU12444-RA

PPU11822-RA

PPUO09898-RA

PPU09235-RA

PPU13256-RA

PPU04864-RA

PPUO5718-RA

PPU04339-RA

PPU12403-RA

PPU12444-RA

PPU11822-RA

PPUO09898-RA

PPUO00481-RA
PPU16016-RA
PPU02951-RA
PPU15645-RA
PPU15646-RA
PPUO03859-RA

PPU11630-RA

PPU15354-RA
PPUO07955-RA

PPU16672-RA

PPU11712-RA
PPUO00804-RA
PPU13149-RA
PPU11311-RA

CALM,; calmodulin
FBP, tbp; fructose-1,6-bisphosphatase 1
PKA; protein kinase A

PPP3C, CNA; serine/threonine-protein
phosphatase 2B catalytic subunit
ATF4, CREB2; cyclic AMP-dependent
transcription factor ATF-4

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

PLCB; phosphatidylinositol phospholipase
C, beta

PRMTT; type I protein arginine
methyltransferase

DNMT1, decm; DNA (cytosine-5)-
methyltransferase 1

PTEN; phosphatidylinositol-3,4,5-
trisphosphate 3-phosphatase and dual-
specificity protein phosphatase PTEN
EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

EP300, CREBBP, KAT3; E1A/CREB-
binding protein

ATM, TEL1; serine-protein kinase ATM

CCNE; G1/S-specific cyclin-E1
CCND2; G1/S-specific cyclin-D2
TPM1; tropomyosin 1

TPM1; tropomyosin 1

TRIMT71; tripartite motif-containing protein
71
TRIMT71; tripartite motif-containing protein
71

CDK1, CDC2; cyclin-dependent kinase 1

MAD?2; mitotic spindle assembly checkpoint
protein MAD2

CPEB, ORB; cytoplasmic polyadenylation
element-binding protein

HSP90A, htpG; molecular chaperone HtpG

HSP90A, htpG; molecular chaperone HtpG
PKA; protein kinase A
CCNBI1; G2/mitotic-specific cyclin-B1
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Alcoholism

ko05034

K05868
K06627
K06631
K11481

K02183
K04345
K04374

K04534

KO08155

K11251
K11251
K11251
K11251
K11251
K11252
K11252
K11252
K11252
K11252
K11253
K11253
K11253
K11253
K11253
K11253
K11254
K11254
K11254
K11303

PPU11762-RA
PPUO1123-RA
PPU06867-RA
PPU04852-RA

PPU10310-RA
PPU13149-RA
PPUO08093-RA

PPU09386-RA

PPUO08459-RA

PPUO08178-RA
PPUO08465-RA
PPU12448-RA
PPU11206-RA
PPU02559-RA
PPU08466-RA
PPU08470-RA
PPU12449-RA
PPU10549-RA
PPU16755-RA
PPUO8186-RA
PPU08400-RA
PPU12446-RA
PPU12504-RA
PPU16757-RA
PPUO00032-RA
PPUO8177-RA
PPU08405-RA
PPU12445-RA
PPU11070-RA

CCNBI1; G2/mitotic-specific cyclin-B1
CCNA; cyclin-A

PLK1; polo-like kinase 1

AURKA; aurora kinase A

CALM,; calmodulin
PKA; protein kinase A

ATF4, CREB2; cyclic AMP-dependent
transcription factor ATF-4

GNAO, G-ALPHA-O; guanine nucleotide-
binding protein G(o) subunit alpha
SLC18A1_2, VMAT; MFS transporter,
DHA1 family, solute carrier family 18
(vesicular amine transporter), member 1/2
H2A; histone H2A

H2A; histone H2A
H2A; histone H2A
H2A; histone H2A
H2A; histone H2A
H2B; histone H2B
H2B; histone H2B
H2B; histone H2B
H2B; histone H2B
H2B; histone H2B
H3; histone H3
H3; histone H3
H3; histone H3
H3; histone H3
H3; histone H3
H3; histone H3
H4; histone H4
H4; histone H4
H4; histone H4
HAT1, KATI; histone acetyltransferase 1

153



AN L e A7 fif 5%

MRIV AR HETLANZRRLER

ID GENE DESCRIPTION
HiE TR (226)
PPU02468-RA Pp4CLL7 4-coumarate--CoA ligase-like 7
PPU04648-RA PpA10 Putative odorant-binding protein A10
PPU02860-RA PpAbs ATP-dependent RNA helicase abstrakt
PPU09744-RA PpAcphl Venom acid phosphatase Acph-1
PPU03334-RA PpAda2 3 Adenosine deaminase 2

A disintegrin and metalloproteinase with thrombospondin
PPU16128-RA PpAdamts16 motifs 16
PPUO03751-RA PpAdfl 2 Transcription factor Adf-1
PPU03477-RA PpAkrl Akirin-1
PPU03682-RA PpAN1ZF6 AN1-type zinc finger protein 6
PPUO06512-RA PpANK1 2 Ankyrin-1
PPU11233-RA PpANK2 1 Ankyrin-2
PPUO03123-RA PpANK3 1 Ankyrin-3
PPUO06819-RA PpANK3 2 Ankyrin-3
PPUO07804-RA PpANK3 3 Ankyrin-3
PPUO7517-RA PpANKHDI1 2 Ankyrin repeat and KH domain-containing protein 1
PPU04445-RA PpAnkr0381 1 Putative ankyrin repeat protein RF_0381
PPU06699-RA PpAnkr0381 2 Putative ankyrin repeat protein RF_0381
PPU11018-RA PpAnkr0381 3 Putative ankyrin repeat protein RF_0381
PPU11066-RA PpAnkr0381 4 Putative ankyrin repeat protein RF_0381
PPU11234-RA PpAnkr0381 5 Putative ankyrin repeat protein RF_0381
PPU11316-RA PpAnkr0381 6 Putative ankyrin repeat protein RF_0381
PPU11318-RA PpAnkr0381 7 Putative ankyrin repeat protein RF_0381
PPU11321-RA PpAnkr0381 8 Putative ankyrin repeat protein RF_0381
PPU11335-RA PpAnkr0381 9 Putative ankyrin repeat protein RF_0381
PPU11336-RA PpAnkr0381 10 Putative ankyrin repeat protein RF_0381
PPU13513-RA PpAnkr0381 11 Putative ankyrin repeat protein RF_0381
PPU14478-RA PpAnkr0381 12 Putative ankyrin repeat protein RF_0381
PPU16934-RA Pparx 2 Gametocyte-specific factor 1 homolog
PPU12325-RA PpAryrA Arylphorin subunit alpha
PPUO06748-RA PpAuB Aurora kinase B
PPU04613-RA PpBMPER 1 BMP-binding endothelial regulator protein
PPU13295-RA PpBMPER 2 BMP-binding endothelial regulator protein
PPU10781-RA PpCI1B Pupal cuticle protein C1B
PPUO08837-RA PpCad89D Cadherin-89D
PPU12338-RA PpCathD Cathepsin D
PPU11098-RA PpCCCP Circadian clock-controlled protein
PPU(01594-RA PpCDC7/2 Probable cell division control protein 7 homolog 2
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PPU04761-RA PpCHDS Cholesterol 7-desaturase
PPU00925-RA PpCht10 1 Probable chitinase 10

PPU00926-RA PpCht10_2 Probable chitinase 10

PPU15708-RA PpCht10_3 Probable chitinase 10

PPUO06756-RA Ppck Myosin-VIla

PPU03877-RA Ppcort Protein cortex

PPUO07369-RA Ppcpv4 1 Pacifastin-like protease inhibitor cvp4
PPU07370-RA Ppcpv4 2 Pacifastin-like protease inhibitor cvp4
PPU07674-RA Ppcpv4 3 Pacifastin-like protease inhibitor cvp4
PPU12403-RA PpCREBBP CREB-binding protein
PPU05293-RA PpCTR1 1 Chymotrypsin-1

PPUO5858-RA PpCTR2 1 Chymotrypsin-2

PPUO07216-RA PpCTR2 2 Chymotrypsin-2

PPU10521-RA PpCTR2 3 Chymotrypsin-2

PPU10522-RA PpCTR2 4 Chymotrypsin-2

PPU10524-RA PpCTR2 5 Chymotrypsin-2

PPU10525-RA PpCTR2 6 Chymotrypsin-2

PPU13846-RA PpCTR2 7 Chymotrypsin-2

PPU12956-RA PpCTRC Chymotrypsin-C

PPU03764-RA Ppcutl Cuticlin-1

PPUO07752-RA PpCYB561d1 Cytochrome b561 domain-containing protein 1
PPUO03759-RA PpCYP12A2 Cytochrome P450 CYP12A2
PPU0O8057-RA PpCYP6al4 1 Probable cytochrome P450 6al14
PPU14016-RA PpCYP6al4 2 Probable cytochrome P450 6al4
PPUO05525-RA PpD1044.1 2 Uncharacterized kinase-like protein D1044.1
PPU12285-RA PpDaple 1 Protein Daple

PPU12295-RA PpDaple 2 Protein Daple

PPU03542-RA PpDERF3 1 Mite allergen Der f 3

PPU12921-RA Ppdf Defensin-2

PPUO08282-RA Ppdl Embryonic polarity protein dorsal
PPU12369-RA PpDnah3 Dynein heavy chain 3, axonemal
PPU06340-RA PpDNAT Dopamine N-acetyltransferase
PPUO07949-RA PpDpepl Dipeptidase 1

PPUO06983-RA PpE4 Esterase E4

PPUO05762-RA PpEEEDS.10 Putative RNA-binding protein EEEDS.10
PPU11264-RA PpEF1G Elongation factor 1-gamma
PPU13498-RA PpEGT Ecdysteroid UDP-glucosyltransferase
PPU05485-RA Ppeve Segmentation protein even-skipped
PPU12492-RA Ppexd Homeobox protein extradenticle
PPU03649-RA PpFACR Putative fatty acyl-CoA reductase CG5065
PPU03662-RA PpFAR Fatty acyl-CoA reductase wat
PPU13996-RA PpFASN 2 Fatty acid synthase
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PPU06447-RA
PPU11304-RA
PPU11320-RA
PPU11271-RA
PPU09186-RA
PPU12377-RA
PPU12686-RA
PPUO7988-RA
PPUO3138-RA
PPUO08393-RA
PPU16038-RA
PPUO06783-RA
PPUO07240-RA
PPU13793-RA
PPU08473-RA
PPU12503-RA
PPU12447-RA
PPU12448-RA
PPU13733-RA
PPU01079-RA
PPU10673-RA
PPU13856-RA
PPU14756-RA
PPU16579-RA
PPUO1124-RA
PPU12436-RA
PPU12438-RA
PPU04227-RA
PPU10156-RA
PPU0O7195-RA
PPU13511-RA
PPU10150-RA
PPUO07948-RA
PPU11431-RA
PPU10601-RA
PPUO05756-RA
PPU12625-RA
PPU11300-RA
PPUO00431-RA
PPUO03873-RA
PPU03963-RA
PPUO05850-RA
PPU07177-RA

Ppfln
PpFPV162 1
PpFPV162 2
PpFPV234
PpFPV244
Ppfu
Ppgbb
PpGld_1
PpGld 2
PpGld 3
PpGld 4
PpGr32a
Ppgw 1
Ppgw 2
PpH1

PpH1 2
PpHI1C
PpH2A 3
Pphb
PpHoxa3
PpHpgd 1
PpHpgd 2
PpHpgd 3
PpIQCG 2
Ppkbp
PpKyatl
Ppkyat3
PpLCC4 1
PpLCP17
Pplinprp2
PpLIP3 1
PpLIP3 2
PpLIPHB
PpLIPK 2
PpLMPEP
PpLRP2 1
PpLRP2 2
PpLRP5
PpLTE 2
Pplyrm2
PpMENT
PpMIMILSS
PpMIMIL93 1

Flightin

Putative ankyrin repeat protein FPV162
Putative ankyrin repeat protein FPV162
Putative ankyrin repeat protein FPV234
Putative ankyrin repeat protein FPV244
Serine/threonine-protein kinase fused
Protein 60A

Glucose dehydrogenase [FAD, quinone]

Glucose dehydrogenase [FAD, quinone]

Glucose dehydrogenase [FAD, quinone]

Glucose dehydrogenase [FAD, quinone]

Gustatory and pheromone receptor 32a
Serine/threonine-protein kinase greatwall
Serine/threonine-protein kinase greatwall

Histone H1

Histone H1, early embryonic

Histone H1C

Histone H2A

Protein hunchback (Fragment)

Homeobox protein Hox-A3
15-hydroxyprostaglandin dehydrogenase [NAD(+)]
15-hydroxyprostaglandin dehydrogenase [NAD(+)]
15-hydroxyprostaglandin dehydrogenase [NAD(+)]
IQ domain-containing protein G

Glutamate receptor Ul

Kynurenine--oxoglutarate transaminase 1
Kynurenine--oxoglutarate transaminase 3
Laccase-4

Larval cuticle protein LCP-17

Pancreatic lipase-related protein 2

Lipase 3

Lipase 3

Lipase member H-B

Lipase member K

Leucyl-cystinyl aminopeptidase

Low-density lipoprotein receptor-related protein 2
Low-density lipoprotein receptor-related protein 2
Low-density lipoprotein receptor-related protein 5
Lectizyme

LYR motif-containing protein 2
Heterochromatin-associated protein MENT
Putative ankyrin repeat protein L88

Putative ankyrin repeat protein L93
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PPU16155-RA PpMIMIL93 2 Putative ankyrin repeat protein L93
PPUO07677-RA PpmodSP Modular serine protease
PPUO7513-RA PpMRJP2 1 Major royal jelly protein 2
PPU07602-RA PpMRJP2 2 Major royal jelly protein 2
PPUO5112-RA PpmrkA Probable serine/threonine-protein kinase MARK-A
PPU11283-RA PpMRSP4 3 Multidrug resistance-associated protein 4
PPUO00504-RA Ppmth2 G-protein coupled receptor Mth2
PPU09724-RA PpMYOS5B Unconventional myosin-Vb
PPU11163-RA Ppnap1/1 Nucleosome assembly protein 1-like 1
PPU03690-RA PpNep2 1 Neprilysin-2
PPUO07364-RA PpNep2 2 Neprilysin-2
PPU02791-RA PpNotch3 Neurogenic locus notch homolog protein 3
PPUO07908-RA PpNpclb Niemann-Pick type protein homolog 1B
PPU16722-RA PpNpc2a 1 Protein NPC2 homolog
PPU16723-RA PpNpc2a 2 Protein NPC2 homolog
PPU00874-RA Ppnrf6 1 Nose resistant to fluoxetine protein 6
PPUO5185-RA Ppnrf6 2 Nose resistant to fluoxetine protein 6
PPU06362-RA Ppnrf6 3 Nose resistant to fluoxetine protein 6
PPU12913-RA Ppnrf6_4 Nose resistant to fluoxetine protein 6
PPU02003-RA PpNUDT8 Nucleoside diphosphate-linked moiety X motif 8
PPU10494-RA PpobstE 2 Protein obstructor-E
PPU15272-RA PpOR9%a Odorant receptor 9a
PPU09355-RA PpPATI1 Proton-coupled amino acid transporter 1
PPUO05387-RA PpPicot 1 Putative inorganic phosphate cotransporter
PPUO05389-RA PpPicot 2 Putative inorganic phosphate cotransporter
PPU14880-RA PpPicot 3 Putative inorganic phosphate cotransporter
PPU03622-RA Pppll Serine/threonine-protein kinase pelle
PPU06394-RA PpPNLIPRP1 Inactive pancreatic lipase-related protein 1
PPUO06103-RA PpPNLIRP2 Pancreatic lipase-related protein 2
Serine/threonine-protein phosphatase 6 regulatory ankyrin
PPU03628-RA PpPP6R1 1 repeat subunit A
Serine/threonine-protein phosphatase 6 regulatory ankyrin
PPUO06685-RA PpPP6R1 2 repeat subunit A
Serine/threonine-protein phosphatase 6 regulatory ankyrin
PPU09706-RA PpPP6R1 3 repeat subunit A
Serine/threonine-protein phosphatase 6 regulatory ankyrin
PPUO05839-RA PpPP6R2 1 repeat subunit B
Serine/threonine-protein phosphatase 6 regulatory ankyrin
PPU10982-RA PpPP6R2 2 repeat subunit B
Serine/threonine-protein phosphatase 6 regulatory ankyrin
PPU11319-RA PpPP6R2 3 repeat subunit B
Serine/threonine-protein phosphatase 6 regulatory ankyrin
PPU11375-RA PpPP6R2 4 repeat subunit B
PPU12957-RA PpPRDM13 PR domain zinc finger protein 13
PPU10198-RA PpPTTH Prothoracicotropic hormone
PPU15762-RA PpPxd Peroxidase
PPUO7588-RA Pprdx_1 Protein roadkill
PPUO08691-RA Pprdx 2 Protein roadkill
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PPU12687-RA Pprdx_3 Protein roadkill

PPU14026-RA Pprdx 4 Protein roadkill

PPU15336-RA PpRNOY Ribonuclease Oy

PPU15337-RA PpRNS2 Ribonuclease 2

PPU09764-RA PpRPA70 1 Replication protein A 70 kDa DNA-binding subunit
PPU12953-RA PpRpnll 26S proteasome non-ATPase regulatory subunit 14
PPU04134-RA PpSaS Probable salivary secreted peptide
PPUO06913-RA PpSb Serine proteinase stubble

PPU16275-RA PpSCD5 Stearoyl-CoA desaturase 5

PPU13873-RA Ppscon3 E3 ubiquitin ligase complex SCF subunit scon-3
PPU06525-RA PpScpepl 1 Retinoid-inducible serine carboxypeptidase
PPUO06541-RA PpScpepl 2 Retinoid-inducible serine carboxypeptidase
PPU13555-RA PpSDR1 Farnesol dehydrogenase

PPU03404-RA PpSerpin Serine protease inhibitor I/I1

PPU13072-RA PpSgAbd2 Endocuticle structural glycoprotein SgAbd-2
PPU04277-RA PpshakB Innexin shaking-B

PPUO08316-RA Ppskpl 1 S-phase kinase-associated protein 1
PPU09757-RA Ppskpl 2 S-phase kinase-associated protein 1
PPU02066-RA PpSlc16a9 Monocarboxylate transporter 9
PPUO08573-RA PpSmox Spermine oxidase

PPUO08517-RA PpSMYD4 1 SET and MYND domain-containing protein 4
PPU03217-RA PpSP34 Venom serine protease 34

PPU04679-RA PpSpdya Speedy protein A

PPUO06598-RA Ppspop_1 Speckle-type POZ protein

PPU13683-RA Ppspop_2 Speckle-type POZ protein

PPU15582-RA Ppspop_3 Speckle-type POZ protein

PPU06599-RA PpspopB 1 Speckle-type POZ protein B

PPU06595-RA PpspopB_2 Speckle-type POZ protein B

PPU12258-RA PpSSP1 Serine protease SSP1 (Fragment)
PPU12362-RA PpSUNI1 SUN domain-containing protein 1
PPU04600-RA PpSV2C Synaptic vesicle glycoprotein 2C
PPU09907-RA PpTl Protein toll

PPU10310-RA PpTnCl1 Troponin C, isoform 1

PPU09275-RA PpTnks Tankyrase

PPU09689-RA PpTnksl Tankyrase-1

PPU16736-RA PpToll7 Toll-like receptor 7

PPU03506-RA PpTretl Facilitated trehalose transporter Tretl —quinquefasciatus
PPUO03107-RA PpTRY1 1 Trypsin-1

PPUO00429-RA PpTRY1 2 Trypsin-1

PPU05992-RA PpTRY1 3 Trypsin-1

PPU04266-RA PpTRY1 4 Trypsin-1

PPU13016-RA PpTRY3 2 Trypsin-3 (Fragment)

PPU05993-RA PpTRY7 1 Trypsin-7

158



WLl 2 A S Pt %
PPU03540-RA PpTRYe 1 Trypsin epsilon
PPU03541-RA PpTRYe 2 Trypsin epsilon
PPUO06048-RA PpTubalb Tubulin alpha-1B chain
PPU06638-RA PpTZAP Telomere zinc finger-associated protein
PPU16165-RA PpUlsnr70 Ul small nuclear ribonucleoprotein 70 kDa
PPU03476-RA PpUlsnrC Ul small nuclear ribonucleoprotein C
PPU03239-RA PpVA3 1 Venom allergen 3
PPU10163-RA PpVAS5.02 Venom allergen 5.02 (Fragment)
PPU00241-RA PpVCEST6 1 Venom carboxylesterase-6
PPU04230-RA PpVCEST6 2 Venom carboxylesterase-6
PPU15329-RA PpVCEST6 3 Venom carboxylesterase-6
PPU16639-RA PpVCEST6 4 Venom carboxylesterase-6
PPU13499-RA PpVGLUT1 Vesicular glutamate transporter 1
PPU16400-RA PpVP 2 Capsid protein VP1
PPU07926-RA PpVSCEST Venom serine carboxypeptidase
PPU14689-RA PpVWF von Willebrand factor
PPU16765-RA PpwarA Homeobox protein Wariai
PPU13471-RA Ppy 2 Protein yellow
PPU09846-RA PpZasp PDZ and LIM domain protein Zasp
PPU05006-RA PpZCPA1 Zinc carboxypeptidase A 1
PPU10994-RA PpZtp120 Zinc finger protein 120
PPU11011-RA PpZNF512B Zinc finger protein 512B
PPU10993-RA PpZNF624 Zinc finger protein 624
#im i (166)
PPU13131-RA Pp5SHH Probable 5-hydroxyisourate hydrolase RO9H10.3
PPU04648-RA PpA10 Putative odorant-binding protein A10
Kynurenine/alpha-aminoadipate aminotransferase,
PPUO01996-RA PpAADAT mitochondrial
PPU13382-RA PpACI10 Adenylate cyclase type 10
PPU15657-RA PpAce Acetylcholinesterase
PPU03332-RA PpAda2 1 Adenosine deaminase 2
PPUO03333-RA PpAda2 2 Adenosine deaminase 2
PPU(07922-RA PpAdh Alcohol dehydrogenase [NADP(+)]
PPU04408-RA Ppak8 Adenylate kinase 8
PPU13419-RA Ppakiel Adenylate kinase isoenzyme 1
PPUO04811-RA PpAllc Probable allantoicase
PPU11610-RA Ppamn Protein amnionless
PPU06490-RA PpANKI 1 Ankyrin-1
PPU16771-RA PpANK2 2 Ankyrin-2
PPUO00448-RA PpANKHDI 1 Ankyrin repeat and KH domain-containing protein 1
PPU16169-RA PpAnklel Ankyrin repeat and LEM domain-containing protein 1
PPU14478-RA PpAnkr0381 12 Putative ankyrin repeat protein RF_0381
PPU16411-RA PpAnkr0381 13 Putative ankyrin repeat protein RF 0381
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PPU10609-RA PpAPN Aminopeptidase N

PPU03208-RA Pparx_1 Aristaless-related homeobox protein
Abnormal spindle-like microcephaly-associated protein

PPUO01055-RA PpASPM homolog

PPU05932-RA PpATRY Anionic trypsin

PPUO07947-RA PpAZI2 Antizyme inhibitor 2

PPU15566-RA PpBend6 BEN domain-containing protein 6

PPU12822-RA PpBglub Beta-1,3-glucan-binding protein

PPUO07384-RA PpC21orf5%h UPFO0769 protein C210rf59 homolog

PPUO00866-RA PpCathL Cathepsin L

PPU11062-RA PpCCDC96 Coiled-coil domain-containing protein 96

PPU04265-RA PpCelal Chymotrypsin-like elastase family member 1

PPUO8118-RA PpCela2a Chymotrypsin-like elastase family member 2A
Coiled-coil-helix-coiled-coil-helix domain-containing protein

PPU04336-RA PpChchd2 2

PPU04761-RA PpCHDS Cholesterol 7-desaturase

PPUO1333-RA PpCNDP2 Cytosolic non-specific dipeptidase

PPU09882-RA Ppcops5 COP?9 signalosome complex subunit 9

PPUO07367-RA Ppcpv4 4 Pacifastin-like protease inhibitor cvp4

PPUO4131-RA PpCRYAB 1 Protein lethal(2)essential for life

PPUO04132-RA PpCRYAB 2 Protein lethal(2)essential for life

PPUO04133-RA PpCRYAB 3 Protein lethal(2)essential for life

PPU10133-RA PpCRYAB 4 Protein lethal(2)essential for life

PPU15439-RA PpCRYAB 5 Protein lethal(2)essential for life

PPU13933-RA PpCTL2 CTL-like protein 2

PPUO08497-RA PpCTR2 8 Chymotrypsin-2

PPU12255-RA PpCTRYOB Chymotrypsinogen B

PPU12642-RA PpCts8 Cathepsin 8

PPU13146-RA PpCU19 Cuticle protein 19

PPUO07306-RA PpCYP6al4 3 Probable cytochrome P450 6al4

PPU09664-RA PpCYP6al4 4 Probable cytochrome P450 6al4

PPUO01268-RA PpCYPIE2 1 Cytochrome P450 9¢2

PPU10857-RA PpCYPIE2 2 Cytochrome P450 9¢2

PPU05524-RA PpD1044.1 1 Uncharacterized kinase-like protein D1044.1

PPUO05525-RA PpD1044.1 2 Uncharacterized kinase-like protein D1044.1

PPU16585-RA PpDCTD Deoxycytidylate deaminase

PPU15257-RA PpDcxr L-xylulose reductase

PPU10845-RA PpDdx5 Probable ATP-dependent RNA helicase DDX5

PPU16921-RA PpDERF3 2 Mite allergen Der f 3

PPU03960-RA PpDESI1 Desumoylating isopeptidase 1

PPU11811-RA PpDHC10 Dynein-1-beta heavy chain, flagellar inner arm I1 complex

PPU04947-RA PpDnah7 Dynein heavy chain 7, axonemal

PPUO05335-RA PpDnrl Dynein regulatory complex protein 1 homolog

PPU07699-RA PpDSM3A2 Doublesex- and mab-3-related transcription factor A2
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PPU14134-RA Ppexog 2 Nuclease EXOG, mitochondrial
PPU13995-RA PpFASN 1 Fatty acid synthase

PPU13996-RA PpFASN 2 Fatty acid synthase

PPU10749-RA PpFCL3 Fasciclin-3

PPUO07936-RA PpFD3 Fork head domain-containing protein FD3
PPU16783-RA PpFsip2 Fibrous sheath-interacting protein 2
PPU03357-RA Ppft Cadherin-related tumor suppressor
PPU09218-RA PpFUCA2 Plasma alpha-L-fucosidase

PPU12550-RA Ppgadll Acidic amino acid decarboxylase GADL1 (Fragment)
PPU11188-RA PpGGT1 Glutathione hydrolase 1 proenzyme
PPUI12514-RA PpGHSR1 Growth hormone secretagogue receptor type 1
PPU0O3152-RA PpGld 5 Glucose dehydrogenase [FAD, quinone]
PPU0O3138-RA PpGld 2 Glucose dehydrogenase [FAD, quinone]
PPU04102-RA PpGr2a Putative gustatory receptor 2a

PPUO05184-RA PpGro4f Gustatory receptor for sugar taste 64f
PPUO08473-RA PpHI1 1 Histone H1

PPUO8178-RA PpH2A 1 Histone H2A

PPUO08355-RA PpH2A 2 Histone H2A

PPUO08466-RA PpH2B 1 Histone H2B.1/H2B.2

PPU16755-RA PpH2B 2 Histone H2B.1/H2B.2

PPUO08359-RA PpH2B 3 Histone H2B.1/H2B.2

PPUO8186-RA PpH3 Histone H3

PPUO08177-RA PpH4 Histone H4

PPU16121-RA PpHecw?2 E3 ubiquitin-protein ligase HECW2
PPUO08588-RA PpHLPSB 1 Hemolymph lipopolysaccharide-binding protein
PPU09440-RA PpHLPSB 2 Hemolymph lipopolysaccharide-binding protein
PPU12734-RA PpHMCNI1 Hemicentin-1

PPUO01779-RA PpHNF4a Hepatocyte nuclear factor 4-alpha
PPU09869-RA PpHSP68 1 Heat shock protein 68

PPU09871-RA PpHSP68 2 Heat shock protein 68

PPUO00804-RA PpHSP83 Heat shock protein 83

PPU10858-RA PphxA Xanthine dehydrogenase

PPU11400-RA PpI(3)mbn Protein lethal(3)malignant blood neoplasm 1
PPU12618-RA Pplft172 Intraflagellar transport protein 172 homolog
PPU14111-RA PpIQCG 1 1Q domain-containing protein G
PPU14836-RA Ppjingh Zinc finger protein jing homolog
PPU04838-RA Pplcc2 Laccase-2

PPU04839-RA PpLCC4 2 Laccase-4

PPU16612-RA PpLipl Lipase 1

PPU11430-RA PpLIPK 1 Lipase member K

PPU12483-RA PpLRP2 3 Low-density lipoprotein receptor-related protein 2
PPU05930-RA PpLTE 3 Lectizyme

PPU10739-RA PpLTE 1 Lectizyme
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PPU09682-RA
PPU05921-RA
PPU12871-RA
PPU06909-RA
PPUO05414-RA
PPU13063-RA
PPU13895-RA
PPUO00390-RA
PPU13318-RA
PPU13319-RA
PPU11630-RA
PPU12812-RA
PPU06505-RA
PPUO06361-RA
PPU09230-RA
PPU15679-RA
PPU03978-RA
PPUO01603-RA
PPU12965-RA
PPUO1104-RA
PPU10504-RA
PPU12298-RA
PPUO00892-RA
PPUO05388-RA
PPU04615-RA

PPU11379-RA
PPU04214-RA
PPU05064-RA
PPU06071-RA
PPU16658-RA
PPU11746-RA
PPU03347-RA
PPUO05090-RA
PPU03936-RA
PPUO0858-RA

PPU09994-RA
PPU00404-RA
PPU12256-RA
PPU12508-RA
PPU12509-RA
PPUO08543-RA
PPU06529-RA

PpMALI1
PpMIPP1
PpMP1
PpMRC1
Ppmsta_1
Ppmsta 2
Ppnas14
Ppndl
PpNep2 3
PpNep2 4
Ppnhll
PpNPL
Ppnr2el
Ppnrf6_5
PpLIPRP2
PpOBP56d
PpobstE 1
PpOCL1
PpOdcl
PpOR4 1
PpOR4 2
Ppp53 2
Ppper
PpPicot 4
PpPNLIP

PpPP6R1 4
PpPrm
PpRAB28
PpRB1CC1
PpRDHI1
PpRHGAP6
PpRrm1
Ppsas
Ppscmct2
PpSecrtl

PpSdhA
PpSDRI1
PpSerp55
PpSMYD4 2
PpSMYDDDB
PpSnk
Ppspop 4

Maltase 1

Multiple inositol polyphosphate phosphatase 1
Melanization protease 1

Macrophage mannose receptor 1

Protein msta, isoform A

Protein msta, isoform A

Zinc metalloproteinase nas-14

Serine protease nudel

Neprilysin-2

Neprilysin-2

RING finger protein nhl-1
N-acetylneuraminate lyase

Nuclear receptor subfamily 2 group E member 1
Nose resistant to fluoxetine protein 6
Pancreatic lipase-related protein 2

General odorant-binding protein 56d
Protein obstructor-E
Omega-conotoxin-like protein 1

Ornithine decarboxylase

Odorant receptor 4

Odorant receptor 4

Cellular tumor antigen p53

Period circadian protein

Putative inorganic phosphate cotransporter

Pancreatic triacylglycerol lipase (Fragment)
Serine/threonine-protein phosphatase 6 regulatory ankyrin
repeat subunit A

Paramyosin, long form

Ras-related protein Rab-28

RBI1-inducible coiled-coil protein 1

Retinal dehydrogenase 1

Rho GTPase-activating protein 6
Ribonucleoside-diphosphate reductase large subunit
Putative epidermal cell surface receptor
Sodium-coupled monocarboxylate transporter 2

Transcriptional repressor scratch 1
Succinate dehydrogenase [ubiquinone] flavoprotein subunit,
mitochondrial

Farnesol dehydrogenase

Serine protease 55

SET and MYND domain-containing protein 4

SET and MYND domain-containing protein DDB_G0273591
Serine protease snake

Speckle-type POZ protein
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PPU13472-RA Ppspop_5 Speckle-type POZ protein

PPU06527-RA Ppspop_2 Speckle-type POZ protein

PPU08364-RA PpTHAP4 THAP domain-containing protein 4
PPU02310-RA PpTICC Trimeric intracellular cation channel type 1B.1
PPU09242-RA PpTom40 Mitochondrial import receptor subunit TOM40 homolog 1
PPUO05989-RA PpTRY1 5 Trypsin-1

PPU05996-RA PpTRY1 6 Trypsin-1

PPU05994-RA PpTRY7 2 Trypsin-7

PPU14727-RA Pptwist Twist-related protein

PPU(07441-RA PpUDPGLUT Ecdysteroid UDP-glucosyltransferase
PPU13924-RA Ppugt3 UDP-glucuronosyltransferase (Fragment)
PPUO05825-RA PpULP5 Ubiquitin-like protein 5

PPU10113-RA PpURH2 Probable uridine nucleosidase 2
PPU12748-RA PpUT1 Urea transporter 1

PPU11653-RA PpVA3 2 Venom allergen 3

PPU05997-RA PpVDP Vitellin-degrading protease

PPUO00556-RA PpVP_1 Capsid protein VP1

PPU12302-RA Ppy_1 Protein yellow

PPUO1716-RA PpYNG2 Chromatin modification-related protein YNG2
PPUO06911-RA PpZAN Zonadhesin

PPU16568-RA PpZNF683 Tissue-resident T-cell transcription regulator protein ZNF683
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PPU10782-RA PpAADAT Kynurenine/alpha-aminoadipate aminotransferase, mitochondrial
PPU16316-RA PpAbcgl ATP-binding cassette sub-family G member 1
PPU11296-RA PpADCY3 Adenylate cyclase type 3

PPUO01589-RA PpAdfl 1 Transcription factor Adf-1

PPUO3812-RA PpAdh_1 Alcohol dehydrogenase

PPUO4113-RA PpAdh 2 Alcohol dehydrogenase [NADP(+)] A
PPU03906-RA PpAGRB1 Adhesion G protein-coupled receptor Bl
PPUO07659-RA PpAgrn Agrin

PPU16169-RA PpAnklel Ankyrin repeat and LEM domain-containing protein 1
PPU15284-RA PpAnkr0381 3 Putative ankyrin repeat protein RF_0381
PPU03604-RA PpAnkr2 Ankyrin repeat domain-containing protein 2
PPU15283-RA PpAnkr49 Ankyrin repeat domain-containing protein 49
PPU11253-RA PpAurka Aurora kinase A

PPU06396-RA PpBAIP2 Brain-specific angiogenesis inhibitor 1-associated protein 2
PPUO06172-RA Ppbanfl Barrier-to-autointegration factor

PPUO05912-RA Ppboca LDLR chaperone boca

PPU11365-RA PpC594.04c Uncharacterized protein C594.04c

PPU12338-RA PpCathD Cathepsin D

PPUO00866-RA PpCathL Cathepsin L

PPU09137-RA PpCBPA1 Zinc carboxypeptidase A 1

PPU11098-RA PpCCCP Circadian clock-controlled protein

PPU03402-RA PpCCDC141 Coiled-coil domain-containing protein 141
PPU06107-RA PpCdk2apl Cyclin-dependent kinase 2-associated protein 1
PPU06007-RA PpCGAS Cyclic GMP-AMP synthase

PPU12466-RA PpCGL Cystathionine gamma-lyase

PPUO07620-RA PpChia_1 Acidic mammalian chitinase

PPU11443-RA PpChia 2 Acidic mammalian chitinase

PPU12435-RA PpCHIT1 Chitotriosidase-1

PPU03344-RA PpCHS8 Chitin synthase 8

PPUO07637-RA PpCIB1 Calcium and integrin-binding protein 1
PPU03199-RA PpCOX15 Cytochrome c oxidase assembly protein COX15 homolog
PPU06986-RA PpCOX17 Cytochrome c oxidase copper chaperone
PPU02385-RA PpCP12 Flexible cuticle protein 12

PPU12628-RA PpCpgl Chondroitin proteoglycan 1

PPU10095-RA PpCTL2 CTL-like protein 2

PPU04549-RA PpCtnnall Alpha-catulin

PPU14690-RA PpCTRIN Chymotrypsin inhibitor

PPU12247-RA PpCTROA Chymotrypsinogen A
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PPU07752-RA
PPU03759-RA
PPUO01689-RA
PPU09202-RA
PPU10700-RA
PPU12259-RA
PPUO06358-RA
PPUO00386-RA
PPU07249-RA
PPU12369-RA
PPU07871-RA
PPU06340-RA
PPU09618-RA
PPUO1371-RA
PPU13498-RA
PPU06266-RA
PPU16914-RA
PPU14134-RA
PPU03662-RA
PPU13996-RA
PPU03926-RA
PPUO1120-RA
PPU13656-RA
PPU08554-RA
PPUO08391-RA
PPU08392-RA
PPU10678-RA
PPU16460-RA
PPU16074-RA
PPUO08584-RA
PPU13674-RA
PPU14753-RA
PPU10503-RA
PPUO05391-RA
PPU05897-RA
PPUO03162-RA
PPU14758-RA
PPU06370-RA
PPU04234-RA
PPU14683-RA
PPU09193-RA
PPUO05756-RA
PPU12625-RA

PpCYB561d1
PpCYP12A2
PpCYP4C1 1
PpCYP4C1 2
PpCYP4C1 3
PpCYP4C1 4
PpCYP6al3
PpDcaf5
PpDcpl
PpDnah3
PpDnah7
PpDNAT
PpDS
PpEFGM
PpEGT
PpELVL
PpEST6
Ppexog 2
PpFAR
PpFASN
PpFucTC
PpGBRB
PpGec2
PpGGPS1
PpGld 3
PpGld 4
PpGNS
PpGT2_1
PpGT2 2
PpGUC2
PpHly

PpHpgd 2
PpIFT74
PpIPCT
PpISL1
PpITGA9
PpJBR1
PpKANK1
PpKCNT2
PpLOX3
PpLPSBP 2
PpLRP2 1
PpLRP2 2

Cytochrome b561 domain-containing protein 1
Cytochrome P450 CYP12A2

Cytochrome P450 4C1

Cytochrome P450 4C1

Cytochrome P450 4C1

Cytochrome P450 4C1

Probable cytochrome P450 6a13

DDBI1- and CUL4-associated factor 5

Caspase-1

Dynein heavy chain 3, axonemal

Dynein heavy chain 7, axonemal

Dopamine N-acetyltransferase

Protein dachsous

Elongation factor G, mitochondrial

Ecdysteroid UDP-glucosyltransferase

Elongation of very long chain fatty acids protein AAEL008004
Venom carboxylesterase-6

Nuclease EXOG, mitochondrial

Fatty acyl-CoA reductase wat

Fatty acid synthase
Alpha-(1,3)-fucosyltransferase C
Gamma-aminobutyric acid receptor subunit beta-like
GRIP and coiled-coil domain-containing protein 2
Geranylgeranyl pyrophosphate synthase

Glucose dehydrogenase [FAD, quinone]

Glucose dehydrogenase [FAD, quinone]
N-acetylglucosamine-6-sulfatase

Trihelix transcription factor GT-2

Trihelix transcription factor GT-2

Retinal guanylyl cyclase 2

Hemolysin E  coli O157: H7
15-hydroxyprostaglandin dehydrogenase [NAD(+)]
Intraflagellar transport protein 74 homolog
Putative inorganic phosphate cotransporter
Insulin gene enhancer protein ISL-1

Integrin alpha-9

Jouberin

KN motif and ankyrin repeat domain-containing protein 1
Potassium channel subfamily T member 2

Lysyl oxidase homolog 3A

Hemolymph lipopolysaccharide-binding protein
Low-density lipoprotein receptor-related protein 2

Low-density lipoprotein receptor-related protein 2
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PPUO03914-RA
PPU13534-RA
PPU10738-RA
PPUO00431-RA
PPU14762-RA
PPU05921-RA
PPU10960-RA
PPU10963-RA
PPU11283-RA
PPU06491-RA
PPU09225-RA
PPU09631-RA
PPU07704-RA
PPU02791-RA
PPU15203-RA
PPU15397-RA
PPU15661-RA
PPU09374-RA
PPUO08048-RA
PPU12455-RA
PPUO1106-RA
PPU09355-RA
PPUO08675-RA
PPU03480-RA
PPU11235-RA
PPU09687-RA
PPU00494-RA
PPUO00445-RA
PPU03757-RA
PPU09764-RA
PPU02517-RA
PPU04036-RA
PPUO08555-RA
PPU06541-RA
PPU03404-RA
PPU08261-RA
PPU02771-RA
PPUO05884-RA
PPU10160-RA
PPUO7058-RA
PPU06096-RA
PPU04828-RA
PPU06527-RA

PpLRP4
PpLRP5
PpLRRC4C
PpLTE 2
PpMETTL22
PpMIPP1
PpMRSP4 1
PpMRSP4 2
PpMRSP4 3
Ppmys
PpNCP2
PpNLGlI
PpNLG3
PpNotch3
PpNPH
PpNthl1l
PpOBP56d 2
PpOdf2
PpOR10a
PpOR2
PpOR43a
PpPATI1
PpPepck
PpPFM
PpPLBI1
PpPNLIP
PpPTL
Ppqvr
Ppresil
PpRPA70 1
PpS35El
PpSC2
PpScd3
PpScpepl
PpSerpin
PpShaw
Ppsnmp
PpSNO
PpSNX25
PpSP4
PpSPBS
PpSPCE
Ppspop_2

Low-density lipoprotein receptor-related protein 4
Low-density lipoprotein receptor-related protein 5
Leucine-rich repeat-containing protein 4C
Lectizyme

Methyltransferase-like protein 22

Multiple inositol polyphosphate phosphatase 1
Multidrug resistance-associated protein 4
Multidrug resistance-associated protein 4
Multidrug resistance-associated protein 4
Integrin beta-PS

Nucleolar complex protein 2 homolog
Neuroligin-1

Neuroligin-3

Neurogenic locus notch homolog protein 3
Nephrin

Endonuclease I1I-like protein 1

General odorant-binding protein 56d

Outer dense fiber protein 2

Odorant receptor 10a

Odorant receptor Or2

Odorant receptor 43a

Proton-coupled amino acid transporter 1
Phosphoenolpyruvate carboxykinase [GTP]
Parafibromin

Phospholipase B1, membrane-associated
Pancreatic triacylglycerol lipase (Fragment)
Pancreatic triacylglycerol lipase

Protein quiver

Pro-resilin

Replication protein A 70 kDa DNA-binding subunit
Solute carrier family 35 member E1 homolog
Peptidoglycan-recognition protein SC2
Acyl-CoA desaturase 3

Retinoid-inducible serine carboxypeptidase
Serine protease inhibitor I/I1

Potassium voltage-gated channel protein Shaw
Sensory neuron membrane protein 1
Senecionine N-oxygenase

Sorting nexin-25

Transcription factor Sp4

Serpin B8

Probable sodium/potassium/calcium exchanger CG1090
Speckle-type POZ protein
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PPU06596-RA Ppspop_3 Speckle-type POZ protein
PPUO8155-RA Ppspop_4 Speckle-type POZ protein
PPU06594-RA PpspopB_1 Speckle-type POZ protein B
PPU06595-RA PpspopB_2 Speckle-type POZ protein B
PPU06706-RA PpspopB_3 Speckle-type POZ protein B
PPU13842-RA PpSSP Probable salivary secreted peptide
PPU11299-RA PpSSPO SCO-spondin
PPU03436-RA Ppstan Protocadherin-like wing polarity protein stan
Sushi, von Willebrand factor type A, EGF and pentraxin domain-
PPUO06413-RA PpSvepl containing protein 1
PPUO06852-RA Pptemel51b Transmembrane protein 151B
PPU02496-RA Ppteme26 Transmembrane protein 26
PPU03364-RA PpTK1782 Uncharacterized serpin-like protein TK1782
PPU04993-RA PpTMA7 Translation machinery-associated protein 7 homolog
PPU10310-RA PpTnC1 Troponin C, isoform 1
PPU03446-RA PpTretl 2 Facilitated trehalose transporter Tretl
PPUO08997-RA PpTRY Trypsin
PPU04837-RA PpTRY3 1 Trypsin-3 (Fragment)
PPU13016-RA PpTRY3 2 Trypsin-3 (Fragment)
PPU08996-RA PpTRY6 Putative trypsin-6
PPU00208-RA PpTSC2 1 Tuberin
PPU00209-RA PpTSC2 2 Tuberin
PPU11024-RA Ppttc25 Tetratricopeptide repeat protein 25
PPU12498-RA PpTTLLO9 Probable tubulin polyglutamylase TTLL9
PPU03403-RA Ppunc89 Muscle M-line assembly protein unc-89
PPUO07827-RA PpURHI 1 Probable uridine nucleosidase 1
PPU10760-RA PpURH1 2 Probable uridine nucleosidase 1
PPU05626-RA PpVGLUT2 Vesicular glutamate transporter 2
PPU03352-RA PpVNNL1 Vanin-like protein 1
PPU12992-RA Ppzagl Zinc finger E-box-binding homeobox protein zag-1
PPUO7753-RA Ppzig8 2 Zwei Ig domain protein zig-8
W E LR
PPU04797-RA Pp4CL1 Probable 4-coumarate--CoA ligase 3
PPU13131-RA Pp5SHH Probable 5-hydroxyisourate hydrolase RO9H10.3
PPU13774-RA PpAcphl Venom acid phosphatase Acph-1
PPU03335-RA PpADA2 Adenosine deaminase 2
PPUO03751-RA PpAdfl 2 Transcription factor Adf-1
Protein ANTAGONIST OF LIKE HETEROCHROMATIN
PPU04017-RA PpALP1 PROTEIN 1
PPU11233-RA PpAnk2 Ankyrin-2
PPU10907-RA PpAnkr0381 1 Putative ankyrin repeat protein RF_0381
PPU16767-RA PpAnkr0381 2 Putative ankyrin repeat protein RF_0381
PPU02785-RA PpArg Arginase, hepatic
PPUO05053-RA PpArsb Arylsulfatase B
PPUO06331-RA PpASTS Achaete-scute complex protein T5
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PPU07947-RA
PPU10950-RA
PPU04715-RA
PPU11062-RA
PPU04761-RA
PPUO1199-RA
PPUO07268-RA
PPUO04133-RA
PPU03539-RA
PPU12955-RA
PPU02070-RA
PPU03487-RA
PPUO06135-RA
PPUO8018-RA
PPU10637-RA
PPU10094-RA
PPU15789-RA
PPU0O1979-RA
PPU04224-RA
PPUO5134-RA
PPU15755-RA
PPUO06125-RA
PPU13904-RA
PPU09186-RA
PPUO7988-RA
PPUO03136-RA
PPUO3138-RA
PPUO07321-RA
PPU02084-RA
PPU16784-RA
PPUO04018-RA
PPU12443-RA
PPU12503-RA
PPUO8101-RA
PPU08403-RA
PPUO08359-RA
PPU08404-RA
PPUO08356-RA
PPUO08401-RA
PPU08405-RA
PPU13733-RA
PPU04334-RA
PPUO01076-RA

PpAZI2
PpB1
PpBBS4
PpCCDC96
PpCHDS
PpChp
PpCREG1
PpCRYAB
PpCTR2
PpCTRC
PpCYB5
PpCYP6al4
PpCYPok1 1
PpCYPo6k1 2
PpDbp80
PpDEAF1
PpDET1
PpDHDH
PpDnah5
PpDNR7
PpERI3
Ppexog_1
Ppfastkdl
PpFPV244
PpGld
PpGld_1
PpGld 2
PpGnmt
PpGST 1
PpGST 2
PpGTL1
PpHI1 1
PpH1 2
PpH2B 1
PpH2B 2
PpH2B 3
PpH3
PpH4 1
PpH4 2
PpH4 3
Pphb
PpHexa
Pphoxal

Antizyme inhibitor 2

B1 protein (Fragment)

Bardet-Biedl syndrome 4 protein
Coiled-coil domain-containing protein 96
Cholesterol 7-desaturase

Chaoptin

Protein CREG1

Protein lethal(2)essential for life
Chymotrypsin-2

Chymotrypsin-C

Cytochrome b5

Probable cytochrome P450 6al4
Cytochrome P450 6k1

Cytochrome P450 6k1

DEAD-box helicase Dbp80

Deformed epidermal autoregulatory factor 1 homolog
DET1 homolog
Trans-1,2-dihydrobenzene-1,2-diol dehydrogenase
Dynein heavy chain 5, axonemal
Dynein regulatory complex subunit 7
ERI1 exoribonuclease 3

Nuclease EXOG, mitochondrial

FAST kinase domain-containing protein 1, mitochondrial
Putative ankyrin repeat protein FPV244
Glucose dehydrogenase [FAD, quinone]
Glucose dehydrogenase [FAD, quinone]
Glucose dehydrogenase [FAD, quinone]
Glycine N-methyltransferase
Glutathione S-transferase

Glutathione S-transferase

Trihelix transcription factor GTL1
Histone H1, early embryonic

Histone H1, early embryonic

Histone H2B.1/H2B.2

Histone H2B.1/H2B.2

Histone H2B.1/H2B.2

Histone H3

Histone H4

Histone H4

Histone H4

Protein hunchback (Fragment)
Hexamerin

Homeobox protein Hox-A1 (Fragment)
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PPU14766-RA
PPUO07024-RA
PPU12054-RA
PPU06073-RA
PPU12436-RA
PPU12438-RA
PPUO08109-RA
PPU10868-RA
PPU13511-RA
PPU13932-RA
PPUO08587-RA
PPU12279-RA
PPU14829-RA
PPU07450-RA
PPU15356-RA
PPU10739-RA
PPU09682-RA
PPU14413-RA
PPU14834-RA
PPU11254-RA
PPU04381-RA
PPU03690-RA
PPU10951-RA
PPU15680-RA
PPU04576-RA
PPU11061-RA
PPU06295-RA
PPU13121-RA
PPU03466-RA

PPU03628-RA
PPU10939-RA
PPUO03451-RA
PPU16349-RA
PPU16296-RA
PPU16764-RA
PPU15336-RA
PPU15101-RA
PPUO8318-RA
PPU08261-RA
PPU10054-RA
PPUO08572-RA
PPUO06017-RA
PPU11297-RA

PpHpgd 1
Pplrrc58
PpKazal4
PpKMT5AB
PpKyatl
Ppkyat3
PpLARP7
PpLDM6A
PpLIP3 1
PpLIP3 2
PpLPSBP 1
PpLRP1 1
PpLRP1 2
PpLRP1b
PpLRRC27
PpLTE 1
PpMALI1
PpMIDH
PpMRPS17
PpNBN
PpNDKG6
PpNep2
PpOBP56d 1
PpObp69a
PpOCL1
PpPADO
PpPAGR1
PpPCDH3
PpPLR2

PpPP6R
PpProml
PpPTGR1
PpPTRH2
PpRDX
PpRFWD3
PpRNOY
PpRPA70 2
PpsconC
PpShaw
PpSlob
PpSmox
Ppspop_1
Ppspop_5

15-hydroxyprostaglandin dehydrogenase [NAD(+)]
Leucine-rich repeat-containing protein 58

Serine protease inhibitor Kazal-type 4

N-lysine methyltransferase KMT5A-B
Kynurenine--oxoglutarate transaminase 1
Kynurenine--oxoglutarate transaminase 3
La-related protein 7

Lysine-specific demethylase 6A

Lipase 3

Lipase 3

Hemolymph lipopolysaccharide-binding protein
Low-density lipoprotein receptor-related protein 1
Prolow-density lipoprotein receptor-related protein 1
Low-density lipoprotein receptor-related protein 1B
Leucine-rich repeat-containing protein 27
Lectizyme

Maltase 1

Myo-inositol 2-dehydrogenase

28S ribosomal protein S17, mitochondrial

Nibrin

Nucleoside diphosphate kinase 6

Neprilysin-2

General odorant-binding protein 56d

General odorant-binding protein 69a
Omega-conotoxin-like protein 1

Probable phytanoyl-CoA dioxygenase
PAXIP1-associated glutamate-rich protein 1
Protocadherin-3

Pancreatic lipase-related protein 2
Serine/threonine-protein phosphatase 6 regulatory ankyrin repeat
subunit A

Prominin-1

Prostaglandin reductase 1

Peptidyl-tRNA hydrolase 2, mitochondrial
Protein roadkill

E3 ubiquitin-protein ligase REFWD3
Ribonuclease Oy

Replication protein A 70 kDa DNA-binding subunit
E3 ubiquitin ligase complex SCF subunit sconC
Potassium voltage-gated channel protein Shaw
Slowpoke-binding protein

Spermine oxidase

Speckle-type POZ protein

Speckle-type POZ protein

169



AN L e A7

fif 5%

PPU14733-RA PpspopB_4 Speckle-type POZ protein B
PPU12095-RA PpTKFC Triokinase/FMN cyclase
PPU02789-RA PpTPH1 Tryptophan 5-hydroxylase 1
PPU14844-RA PpTretl 1 Facilitated trehalose transporter Tretl
PPUO00428-RA PpTRY1 1 Trypsin-1
PPUO00429-RA PpTRY1 2 Trypsin-1
PPU05993-RA PpTRY7 Trypsin-7
PPU03541-RA PpTRYe Trypsin epsilon
PPU14838-RA PpTRYP1 Trypsin I-P1
PPUO7388-RA PpUGT2C1 1 UDP-glucuronosyltransferase 2C1 (Fragment)
PPU13923-RA PpUGT2C1_2 UDP-glucuronosyltransferase 2C1 (Fragment)
PPU03230-RA PpVA3 Venom allergen 3
Very long-chain specific acyl-CoA dehydrogenase,
PPU15692-RA Ppvlacd mitochondrial
PPUO7958-RA Ppvn Protein vein
PPU14689-RA PpVWF von Willebrand factor
PPU16765-RA PpwarA Homeobox protein Wariai
PPU12787-RA PpZF107 Zinc finger protein 107
PPU12649-RA PpZF512B Zinc finger protein 512B
PPU07526-RA Ppzig8 1 Zwei lg domain protein zig-8
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