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ļʕ͘�ǿ˄˚ˣĖ�ͧ ĆØċƕŻîļ%̻ýŬʤʁɵ�Ǳ�˚Ϝͮʤʕ

ʀϫɐΗɫ	͗͠Ϟņ͘ Pteromalus puparum ļʕĖ˄К̃ʪķ͍�Ǳ̿Ѓ͍

Pieris rapae ʤ͗ȃV±ļʕ͘	ļʕ͘ŀļ%˄́ʤļʕɱ«�ļʕ͘ʤŃí

Ľ�ʬ��ųϧ�Ńíǿ¡8ǌИ�ʗϩǉķϫǘ	͠ ͗Ϟņ͘ʤŃíϸʱʋČ

û˟Ò³ʤØċƕŻ	$4ǇǮ͗͠Ϟņ͘ŃíʤſðûħË�΍ǉȉ¤�Ȇͽ

ǟŉ̓�ȐP�ɸ̖ιîʞȿ PpNSRV-1ƠȞ�˄ſðû˟ŀΆ͘Ńíʤſðî

ȉ¤ζͣʶˌ	%ͮʶˌ˰Țğ�
 

1. ͗͠Ϟņ͘Ńíʬ�ĊûʤɔϚ 

˰ßĊû˫îΣž˫ǜǃ�ȦǃŝʳʤϧŃĊûîͨ̅Ċûŭ�K͗͠Ϟņ

͘"Њɚ� 229!Ø̟ʤŃíʬ�Ċû	ε=ĊûĀ IIS-PI3K/AktρƄ�TORρ

Ƅ�MAPK/ERKρƄî AMPKρƄ˓ù!oÜςΡî̫ø�ůɲÎůîMΎ˓

�!ʕʏαˊ"Ïƿcʖ	Њɚ4ε=ĊûʤmĮĈ˰ȗũ�Ș4ĭOʤͧήȱ

ŷ	ɇĊϗŭ�ǆ�î˰ȗĈ�ȘͧǮ�ĘĖǜĊûĀ̪̃ʪ�К̃ʪ�·̃ʪ�

Í̃ʪ�Ј̃ʪʤǭ͍"ǱmĮʤ	 

2. ˜˚̓�ŀ͗͠Ϟņ͘Ƥ͍Ńíʤſð 

΀Z4Ā 0-40% (w/v)̻ý�Аõ͇˜î͘͜ŀ͗͠Ϟņ͘Ńíʤſð	˰

ȚͧǮ�͇ ˜î͘͜ɬɢŀ͗͠Ϟņ͘ϾƤ͍ʤŃíǿǲ̈́ʤȶäſð	ʬ�ƕ
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Ȧǃ RNAɚŭƈ£ʤИΔϝΣž˫ǜǃ�ŀţʞȿ PpNSRV-1î�ţʞȿ

PpNSRV-1ʤ͗͠Ϟņ͘ϾƤ͍ʤĊûͧήƜ�ζͣ4�Ș	˰ ȚǲʾŜŶͧή

ĊûǜʪΧŇ��Ɏǿǲ̈́ľϽʤĊûȆ`
GO�¬̟î KEGGoÜςΡ	Ċ

û­ȋ�ͧή˼˲�Șʤ˰Țϟĳ�4�!�ʞȿŸΜʤϧŃƕʂИűʬ�ʤ
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TOR ςΡƯ¤§ЀŢ

Ё 
˟Rapamycin��MAPK/ERKςΡƯ¤§Ǻ˿Ǽŋ
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͗͠Ϟņ͘�Ńíʬ�Ċû�̓��ɸ̖ι�ʞȿ PpNSRV-1 
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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℃ and 35� 

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 PpXAP5, PpELL and PpCathL. 

4. Effect of PpNSRV-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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ǭ͍ϺŐ̴̒®ʀϨ Arthropoda ǭ͍˨ Insecta�c$āʎ�ǜʪǽĖʤ®

ʀ́`���á˄˚*ϩŃíŜŶśĘ�KȂʕǸȹʤ͙͟£ʕíìȃɰϧʤµ

�Ũ͞ʥĀ�"	�áʀ˄ϩŃíʤŜŶîá�ʀ˄!`ϩͨ̅ͧĆʤŶΔƕͧ

Ǯ4ϊXîʋČû˟ĀʕʀŃí΍ǉαˊ"ʤſð«	ʕʀͨ̅ʤαˊǱʕʏ�

MΎ�ʕȻ˓�˝�ɘ®ʤÒ³˷ßcʖʤ˰Ț�ĭØNΊǱȉ`ʕʏıǞƕʤ

πɥ Ě�ζ̈ł̭¬̟ǁYũǽˮ�ĳ4ʕʀʤŃí	�8ͨ̅ȉ¤ʤʶˌЄ

ťŬɓ�γŨȑŅͨ̅Ͳ$�!Ȗ�ēȊʤĖû˟αˊʤͰɵÐM4ǩ~Łƭ»

��Ϧͨ̅ûħʤʏͽīΊ (Weinert and Timiras, 2003)	ſðʕʀŃíʤʋČû

˟ǿ
̓��ÐЎ�ɦɪű�ǿķʀΔ
ğˬ̾îʞȿ�îΪń˓	ǭ͍ʤͨ̅

ʶˌ%ͮϽ"ĀП̨Ț͝ Drosophila melanogasterε!ȱŷ˝˳"	Ț͝�ʤͨ

̅ʶˌ$mĮʤŃí΍ǉȉ¤c�4ºΞʤΓʅ�˅ īĸOŝKȚ͝"ϟĳ�4

200 Ė!�Ńí΍ǉʬ�ʤĊû  (Tacutu et al., 2018)	ļʕ͘
̪̃ʪ

Hymenoptera
ˬ̧<ʪ Aprocrita�½ǭ͍Ɩϝʤ 20%-25% (Godfray, 1994)	c

$ʀ˄ǽ#ľʤ®ʀ́`*��ļʕ͘ØN$ͨ̅ȉ¤îŃí΍ǉʤʶˌǌiͼ

Ėͨ̅˚ĆîϜͮʤͦ}˝˳	ĖȤƕ$ʶˌʕʀŃíʤØċƕËͨ̅ζ³ʤÞ

˄΍̴ûħîȉ¤ǌi4ŧÙ	ûȷ�ŀЄȱŷʕʀ˝˳"ͨ̅ȉ¤ʤʏʹîͨ

̅΍̴ûħʤ΁¢ÒƈΞȑΞϜͮ	Ȇˏŉͨ̅ʤʏͽīΊîŃíʤϳ¤û˟ζ

ͣ˷κ�ũŀǭ͍Ńí΍ǉȉ¤ʤʶˌζŏζͣƖ˰	 

��<:+�42?�@�

ĖŨȑ�˅ īĸOŝ˯ǌ�4ǜʣ˄ʏͽīΊ΄ÿʹϚͨ̅ʤƤû�ͨ ̅ȉ

¤ʤīΊɞğɷɟ�ϻNŀͨ̅ʏͽζͣıǞʤȯκ	Ęώ�ʤͨ̅vΊϏǱ�

{ͽ�ĭOςť×̌ɹēȊ˝˳"Ȝ�!û˟ʤcʖ̈Ɛʛ4�Lͨ̅ʤ�Ϧû

˟	ε=ʏͽĘ̭Ø�$ˊŭʏͽîΈŜʏͽ	́ ŭʏͽͷ$ĩĀʱ�ώƦĕώ

ʤˊŭ�ĳ4ͨ̅ʤαˊ�ΈŜʏͽͷ$ʕíαˊ"ʤ¬̟˞2îͨ̅Øώ�ż

û8yÏʞÒƦǁYʤˆˢ (Cristofalo et al., 1994)	ΈŜʏͽ"ǿ�!ϹæʤͰ
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ɵ�ÁğȚɎǿε=yÏû˟ł̭ˍÒ�Ϥϐî΍̴˞2�ͨ̅ŉ�WÏʕ	Ā

ȷǞʏ4�=Mͧƕʏͽ
ͧ 1.1��ũŅ͸ͽ�"ʤ�=ʏͽ	 

 

ͧ 1.1 %ͮͨ̅ȉ¤īΊʤ�˚îǋκ 
Table 1.1 Classification and brief description of main theories of aging 

þå�7½]ć �ā/b 
Ći´ă  

!ÜíÍA´ă 
 (Morley, 1995) 

µ³4[��ā� DNA�@6ēf½ÄQ>µÍA��Ý
dñµ³eI1Ã� 

DNA'U´ă 
 (Hart and Setlow, 1975) 

DNA ½U7£�0`�³È½eI�DNA U7�µ½Í
ABîěĕĒt�aû¼č� 

Ći±Aă 
 (Gallant et al., 1997) 

û¼č½D}ģĆĥ�\O�Ĩ �.�³½Bĭy��

µ�¸AJñ¥û¼� 
9]Ĥ�Ā´ă 
 (Trevisan et al., 2019) 

û¼č½äąG'įĕËBîdñÜí�ĉ½8îþÎ� 

ıÙÔR9´ă 
 (Cerami, 1985) 

ø÷Ô
û¼čJ ğ½ĬĞ%=pdñµ³8î�Y�

ÔR9dñþå� 
ï·Rþå´ă 
 (Harman, 1981) 

Üí�ĉĕË��µï·R�§ï·RcÜí}4½�a

�3dñÚÓ! DNA ÍA½ÉÖJ§9����þå½
¡�;M�
� 

ÇÞ/4ª´ă 
 (Weinert and Timiras, 2003) 

ÇÞ/4ª8îcµ³½µ\J×¦ð-Ġā�ÇÞJ/
4ª8î½A9uu��a½�ėædñþå� 

+¹´ă 
 (Weinert and Timiras, 2003) 

+¹=p�ĩÁþåæĨ �dñ|�J�µº»� 

�èþå´ă 
 (Bjorksten, 1968) 

þå
 ğJû¼č½�è=pĜ}½8î��Jß�

Å9zzÀ-� 
Ëo´ă  

Ëo9þå´ă 
 (Goldsmith, 2017) 

þå�R�
È��½Üí>éĝ�Ëo�ěĕĈôRM

�ĂvP°¬J-ĦÇÞ�/4ªJ+¹Õà&C��á

�ÌxJ)2p°=p�/¯yP0`�µ³½eI� 
ÏÓ´ă 
 (Mikhelson and Gamaley, 
2012) 

ÏÓOµI�ĊċÜí4ĀĕË��ó!½_�y�ĩÁ
mĲSĥÿ��P®ç�#�ó!½!É1g�_�½Ï

Ó½\O$Ď�ÏÓĞ½"¶�ÏÓĞ½"¶�Ĩ�dñ

ÏÓãÃ��Üíþå½;M�
� 
/OÍA´ă 
 (Burnet, 1974) 

µ³½eI?0� DNAU7½Bĭy�DNAU7½YČ
Bî�µÍA�dñ�!8î�Y�ædñþå� 

��RMV�y´ă 
 (Williams, 1957) 

��RMOµI��ÿę���¾½"¶��ĩÁmĲ½

Sĥ:�µ��ÿę�½�a"¶��æ¿�dñ�þ

å� 
µ³Ģ´ă 
 (Edmunds, 1978) 

Üí4ĀH�Bîÿ
È/¯y½�W�ö�7~Ĉ��

þåJeI�
ÈÑ�µIH��ĢĈ�½ËoyÜí

đĘ½ħ�ß�� 
RMĈ�´ă 
 (Kanungo, 1975; Kenyon, 
2010) 

þå�·Ĉô>éJþå½RM½ýĔA9rď½� 
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̫ʘĊͨ̅ʏͽʘ Denham HarmanĀ 1956ŨБȳǌ��Ø̟Ǳǽ̈́âʤͨ

̅ʏͽ*��̬ HJǿ5ͺ	Harmanʤʏͽͷ$��ħǁYǱͨ̅ʤȦȆÆû�

ˬ̛MΎαˊ"Aʕʤ O2·-̫ʘĊË�ͤʕʀΉł4ˬ̛Āͨ̅αˊ"ƨϋÑ

ʤĘώ�ǁY	Ȧǃε�ʏͽʶˌ̇Oƈ��!Ǌͽ
˒��ɤϴǿķʤɘƕ̫

ʘĊØN�Υˬ̛ǁY�ÁưɆ³ϖʤαűͧήØN�˸ȉ`ʤͨ̅�ʔ̬Ø̟

lζŃí�˒7�ğȚÇϴưɆ³§�ȉ`ůΆ�ʌͨ̅ʤͧĆ	ʶˌ̇OĀ�

áʤȱŷʕʀ"ζͣ4ĘϝʤĵЕ΄ÿͿǮε�!Ǌͽ	hğ�ĀП̨Ț͝"Ç

ϴ%ͮʤưɆ³ϖW˺ʴȚ͝Ńí (Kirby et al., 2002)��Ǌͽ7�̭	ɺ̈�˻

,αɆ³ɅϖɘƕʤˍÒ`Ț͝ŃíÂɎǿÒ³ (Orr et al., 1992)	ĀϘϑϕȽ

"�ςαɸϝϳ¤ƦĚɘαɆ³ɅϖΉłαɆ³ɅɈŧ¶И�ɲɘΝɆ³ʀœ³

ϖ
SOD�K̈ųϧ4ϕȽʤǫŭŃí (Mesquita et al., 2010)	̈Ā˪͍"Çϴ

4 5! SODĊûãŀ˪͍ʤŃíɎǿǲ̈́ſð	ε=˰Țũ�Ǔƻ̫ʘĊͨ̅

ʏͽ	û$̫ʘĊʏͽʤ˄˄˻Ϸ�Ā 1990Ũ Sohalǌ�4Ɇ³ůɲīΊ (Sohal 

and Allen, 1990)�ŀ̫ʘĊͨ̅īΊζͣ4΍î	ε�vΊʤ%ͮ¨ǌǱ�ͨ̅

ǱÏ̓ʤƻ˵αˊîˮ˰ϭȼ�Ñ£ϊXĊûʤſð	ͨ ̅αˊ"ˆˢʤǁYǱ

�˄ȳͮǘů�̈�Ǳͨ̅ʤʫǈÆû	Sohal ͷ$�ˬ̛ʤưɆ³ɈŧîɆ³

§ʤAʕσűϏǱØǉʤ	ͨ ̅ʤσű�Ɇ³ůɲʤɈŧǿ��Ɇ³ůɲł̭4

ͨ̅αˊ"ĊûͧήʤǕÒ	Ā΍îãʤʏͽ"�̫ ʘĊςαſðʁĳʤϊXˊ

ŭȑlζͨ̅�ĭOĀˬ̛"τƤʤϯţǁY×Ǳε�αˊʤªAï	 

И˦˜Ċ³ʏͽǱ�ħɈŧ�ʤ�!Ϝͮͨ̅ʏͽ�ĭͷ$́ͅ˜�͕ʢΔ�

ȥϗʤЄϖlÎůł̭ʤʕʀ¬̟ ĚǱŸΜͨ̅ʤÆû (Cerami, 1985)	́ͅ

˜̟�Ė˄ɇĊϗ�Ė̔î͕ʢΔ"ʤɇĊÏʕÎů�ʘȷτƤ˰ȗ͕ʢ?̋ʹ

³�ưɆ³ϖʤɘƕ�ϲ�MΎ¬̟ϲ_îˋƑĚͥ˓̅³αˊ	ε�īΊŅʕ

ʀ̟ϝʤϜͮƤ�——́ͅ˜�ͨ̅�̋Μȑ	̃ Ċ³î̫ʘĊɆ³Ǳʪ¨Ͱɚ

£ʤ�ĘτƤʕʀͨ̅ʤĊȆʕ³αˊ�И˦˜Ċ³ʏͽ�̫ʘĊͨ̅ʏͽÁʬ

:ʄˎÉʬ:ͦ}�ØNʹϚͼĖͨ̅ʌΑ	 

ƸưĊûĖǘƕ
Antagonistic pleiotropy�ʏͽǱŽH�ͷʤKζ³ŎІ�

ʹϚͨ̅Æûʤǽeʏͽ	ĖǘƕƼʤǱȜ=ĊûŀͧĆǿ�ȵ�˄ǘů	AP

ʏͽͷ$�ǿ=ĊûØ̟Āʕíǩȃû�ŀμßűʤǿʧcʖͫξƶ�]ϸʱŨ

ФʤčϧÂAʕ4ȅͫξƶʤǿķcʖ�K̈ʫǈł̭4ͨ̅ (Mitteldorf, 2019)	
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Ȧǃε�ʏͽ�ǿ=Ċûû$�ŀʕȻ«î!`xŲʤcʖĀζ³αˊ"ͫξƶ�

̈ε=ǩȃčŻʕȻ«ƦxŲʤĊûWł̭!`xŲĀϧȃʕíαˊ"ʤƛ³�

@Á�Иʕ̓ʇ�xŲ�ϧŃ*ϩĩĀʱƸưcʖ	ε˄ƸưcʖŝͫĵЕͿĵ�

ͼĖʶˌͧǮʕȻ«�xŲ�Ńí*ϩĩĀʱȜ˄ŧͥ (Lemaître et al., 2015)	

hğĀȚ͝"ʷĄʕȻˬ̛ØNųϧŃí (Sgrò and Partridge, 1999)	ɺ̈�ε˄

Ð̮ũ�ƖǱƤˎ�ĵЕͰĿ£ǿ�=Ț͝ʤϧŃï˝ʬɀŀɻ˫�ǿǻŻʤˣ

Ȼ« (Arking et al., 2002)	˶ƻʕʀʤ_ʕȻ«îϧŃí*ϩʤƸưƕ�˝�Ø

̟ŀʕʀ́`ǿ�˄μůƕQt	Иʕ̓ʇîϧŃíʤ˰ßŀ!`ȑΊǱ�˄Ή

Ɲ�]ŀ˄́ʤˋĳȑΊÂØ̟Ǳ�˄Àϵ (Mitteldorf, 2019)	ɺ̈�ʿWƕǭ

͍\+Ǳ�!hĕ�͘͜�͑͐îʢ͐ʤ͘ã�͐ã˓�Fĵʌ4ΝϧʤŃí�

δǿʱΝИʤˣȻϝ (Carey, 2001)	ε=Ɯ�ͧǮØ̟ĩĀʱ�Lûħʤ΍ǉg

ĭOǐ̥4ʕȻ-ʕĩ*ϩʤȋͥ�˝ (Pamminger et al., 2016)�ĵʌ4ИʕȻ«

îϧŃíʤ˰ßʤáǫ�δmƻ4˄́ʤˋĳƕ	 

KʌĩʤUĖīΊØNÏʌ�ʕʀʤŃíʶˌ�ǿN��!ʁɵ
Б~�ƨ

ǿʏͽϏРͷá�ʀ˄ʤʕʀ!`ĩĀʬáʤͨ̅ȱŷ��ȳ�\+Ęώ�ʤʏ

ͽϏv;ĩĀ�!Ǵχʤͨ̅Æûŀ�áʀ˄ʤʕʀϏǿǘ�ĩĀ�!ͨ̅΍ǉ

ȉ¤ØNKȱŷʕʀǊËƨǿʕʀ	KϕȽ£D˚ʤͨ̅ʶˌĘĖ̌ɹ8ͨ̅ʤ

�̯��áʁƃ (Fontana et al., 2010)�ͧ Ǯʀ˄*ϩĩĀ�=ИűmĮʤͨ̅û

˟	˒��ʀ˄*ϩʤŃíŜŶƅĘ�ÁgƅĖŃí΍ǉʬ�ʤĊûĀ�áʕʀ

"ИűmĮ��áʤʕʀ˝˳δǱ�Ōʬá�Ø̟�á˚ĆʤʕʀʤǽĘŃíǱ

ʘ�áû˟�áſðʤ	ǽã�ʕʀŃíʤØċƕŻ�ND˚$h�D˚ʤЊȃ

ŃíĀ�Ǣāųϧ�KÕș̌î˽ДǫȃʤDăŃí 20-35Œŝ˯ǌИ£ʌĀʤ

70 ĖŒ (Kyriazis, 2020)	ͨ̅îŃíʶˌʤ�!ϹæʤʪȡǱųϧʕʀʤxŲ

ЊȃŃí�ũǽˮĵʌD˚ʤϧʕ	 

����4D��8�

ίH$ȵ�ͨ ̅ʤʏͽîŃíʤ΍ǉȉ¤δɎǿ�!Ǵχμʖʤĳͽ�ŀ8

ͨ̅£ŰǱϸȉÏʕδǱˊŭ³ʤαˊġˮĩĀ5ͺ	ɺ̈�Ė˄ʕʀ"ʤʶˌ

ͧǮǿ�=ĕώʋČîʕʏoÜ�ğÄ«ʋČ�ǱʕʀŃíʤϳ¤û˟	ϧȃǹ

Ђ8ʋČůɲû˟�ł̭ǁYʤˆˢ�Ν�4ˋƑpēȉ¤ʤ̟«ŉWſðʕʀ
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Ńí (Lopez-Otin et al., 2013)	ĀēȊʤĖˬ̛ʕʀ"�ʶˌĕĀ
ʋČ�î�

Ā
Ċû�û˟*ϩʤ:ʬcʖǿ¯8�Іāʏʹͨ̅ʤͧͰʌΑîAʕȉ¤	 

����ЏЎɸϝǏ��Ńí΍ǉ�

�̯Ǵχͷ$�ʕʀʤŃí��ÐЎ̓�ʫǈʬ�	ЏЎϳ¤Ʀ¾Ρϛϳ¤


caloric restriction, CR�c$�˄ͫŬɓʶˌʤųϧʕʀŃíʤǥɒ�ǜʣSƳ

ëŝ˯Ϳĵ4�ŀϧŃʤcʖ�ſð4ίH$ȵɚ΄ʤĘĖǜʕʀ�Ǳʪ¨ǽǿ

ǘîØϜēʤ΍ǉŃíʤʋČÒϝ	CRǱςαäĵЕʕʀǌiæǿƨǿ̓�˟

î˶ʕ˟ʤЏЎ�]ǲ̈́ϳ¤ɸϝ
ϲ_ 30-70%�ȑĵʌʤ (Weinert and Timiras, 

2003)	Āε=ʶˌ"�ЏЎϳ¤ųϧ4KϕȽ£ò3®ʀ˓�áʕʀʤ"^Ń

íîǽĘŃí (Testa et al., 2014)	ε=ʀ˄�F²ƷϘϑϕȽ
Saccharomyces 

cerevisiae��˪͍
Caenorhabditis. elegans��П̨Ț͝�ņТ
Mus musculus�

îĘТ
Rattus norvegicus�˓ȱŷʕʀ�ŀ�L�=ʀ˄�ğΤ͍�͓�͖͛�

ʃîƗɏʆ˓Ϗǿſð (Le Bourg, 2010)	ɺ̈/ǿʶˌƳωЏЎϳ¤ũ�̟č

­Ńí (Le Bourg and Minois, 2005)	 

KϕȽ£D˚ʤȱŷʕʀ"ʤʶˌϏͿǮ4̓�ƠÑ˼˲�Ńí΍ǉʤ�

ħȉ¤*ϩʤŬɓ̋˝ (Fontana et al., 2010; Lopez-Otin et al., 2013)	ʕʀ"ǿĖ

˄̓�ƠÑXłρƄȑʨɚ̓�ʀΔʤØƈƕË΍Ǟ̓�ʂƑ	�"²Ʒ�!Ā

ĘĖǜʯȥʕʀ"mĮʤoÜρƄ�Á̩̺ϗɘ³͕ʢɲϖ
AMPK�oÜςΡ, 

�̯ƕ΍ǉϮψ͕ʢɲϖ 2
general amino acid control non-derepressible 2
GCN2��

îЀŢЁ˟Ї͕ʢ
Target of Rapamycin
TOR��oÜςΡ  (Chantranupong et 

al., 2015)	ĀП̨Ț͝"�ǿ�!ИűmĮʤ̓�ƠÑρƄ��¢Ǳ̝ŕ˟/̝ŕ

˟Ȥʕϧûħ-1
IIS�oÜςΡî TOR oÜςΡ (Bettedi and Foukas, 2017)	 

TORɲϖØNðůĖ˄ά�ûħ�²Ʒ̟ϝɈŧ�̓ �ʀΔ�ʕϧûħîÄ«¥

ɲ˓ (Johnson et al., 2013)�ũcʖ8ͼĖΣž΍ǉûħʤ�ɩ�ğ FOXO�FOXA

î Nrf (Antikainen et al., 2017)	IISî TORoÜςΡc$�!ϽƤʤ̓�ƠÑ΍

ǉ˼˲�Ø̟ǱIłCRưͨ̅cʖʤ�Ϧ�ħoÜςΡ (Partridge et al., 2011)	 

CR�FIł4Ńíʤųϧ�áǫ/čŻ4MΎÎů�ˀ˯��ɑî�ʜÎ

ů�NË?̋Îů˓ʕʏαˊ (Mobbs et al., 2001)	CRŸΜʤ˄˄ʕʏαˊǕ

Ò/Øʮc�˄ŀ�̰̓�ʋČʤůɲÎů	ŻɶʤÄ«¥ɲØ̟ŸΜʕʀ�ʕ

ʏαˊʤĚ΍̈˺ʴŃí�]ɦîʤÄ«¥ɲ̟Ż³ʕʀůŀÄ«ʤ̟«�K̈
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ųϧŃí�εͫˇ$ȿʀ�Ĝǘů (Rattan, 2008)	CRųϧʕʀŃíʤ�`ȉ¤

ňȅǮʺ�ǿǜµ˄�áʤvΊ΄ÿϪǮЏЎϳ¤ʤcʖȉ¤
ÿ 1.1��CRǿ

ʧcʖʤʕʀīȉ¤²Ʒ̟ϝMΎ�Ɇ³ůɲ�̝ ŕ˟ǚƠƕ�ɴƕÎů�̫ ø�

ˀ˯��ɑ¬̟�Ήłɲ˟Ïʕîȿʀ�Ĝǘů˓	]Ǳ�ε=vΊϏ�̟ı�

ʹϚ CR΍ǉϧŃʤͰɚ˰Ț	Ō˗ğȷ�ŝǿĘϝͿǃͧǮ CRɲɘ4ǻИǘ

ʤMΎÎů�čŻ4ˬ̛ǁYʤmƲȉ¤ũɲɘ4Ϝċȉ¤ (López-Lluch and 

Navas, 2016)	 

 
ÿ 1.1 ЏЎϳ¤ΉłϧŃʤvΊ (Testa et al., 2014) 

Figure1.1 Biological mechanisms that have been proposed to explain lifespan 
extension by calorie restriction (CR). 

 

 

3.2 ɦű̖ι�Ńí΍ǉ 

ɦűǱſðʕʀͨ̅îŃíʤ%ͮû˟*�	ǭ͍ǱÒɦ®ʀ�ĭOʤʕϧ

Ï̓�!`Ńí�ʕȻ«�ÐЎî̂³ϏÑ£Ȗˑɦűʤſð (Hoffmann et al., 

2003; Lemoine et al., 2013)	ǩȃʶˌͷ$ɦűŀǭ͍Ńíʤſð�̟ϝɠ̊ʇ�

ʕϧʇîɘ®ϝʬ��ÁИɦ­Əǭ͍ɘ®îMΎαˊ�_ɦ�˸ǭ͍ɘ® 

(Lints, 1989)	ǲɺε�ʏͽũ��ǿǴμƕ�ĵЕͿǃ/µ�͋ź	γȃŀɦű
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ſðŃíʤʶˌǲʾ�ɦűςαſðĊûʤͧήɲɘƦƯ¤ˬ̛oÜXłςΡ�

ſðʕʀʕ³Îů˓ρƄſðŃí	 

Иɦ̖ι��ͼĖǭ͍ʤÏ̓ìȃÒʴ�Ƥ͍Ńíǲ̈́˺ʴ	ȝȲȄ͎

Diaphorina citri Ƥ͍Ā 41℃�Ńíǲ̈́�ϲ4 74%�˥ 20%ʤƤ͍Ā 2 h �ȹ

> (Hussain et al., 2017)	38℃đʏȪņЎƊ͍ 48h�Ͼ�ϼƤ͍ʤŃíƔ©ϲ_�

�+�̟ĩɘ (Йǳǟ et al., 2019)	ĸ͝ Musca domestica L.ĀʋČɦű¶Иǫ

ɲɘ4Ɇ³ůɲαˊ�ł̭Ńí˺ʴ (Farmer and Sohal, 1987)	ǭ͍ŀ"˓ɸ̖

ι�ǿ�ĳʤμů̟«�ʶˌƳωМϧ˗͔ Sitobion avenae (Jeffs and Leather, 

2014)�Ȩ͔Myzus persicae (Sulzer) (Li et al., 2015)îĸ͓Bombyx mori (Manjunatha 

et al., 2010)ʤИɦůɲÎůĀ˯ÃαǈγȖˑɦűʤΧИɦűã�ŀȖˑɦűʤ

̉Ñ«WčŻ�Î̈ŀϧŃǿʧ�Ø̟ǱŸΜ4ȿʀ�Ĝǘů	˚\ʤ˰ȚĀȚ

͝"/ǿƳω (Sarup et al., 2014)	 

ʪ¨�ǭ͍ɸůɲÎůʤ�ħÎůň�ɤȮ	ǭ͍ðůИɦʤ�!Ǵχʤˬ

̛ÎůǱΉłɸɲ͕ʢ
HSP�ʤͧή	HSPǱ�˚ИűmĮ�ŬɓĩĀʤůɲ

͕ʢƦ�ħ[k�̫ KĀȚ͝"ͫÏʌNȑ�HSPŝͫĘϝʶˌͿǮĀůŀȖˑ

ɦű�Ϊń�Ŧɽ˓Ė˄Ä«ʋČ�Ïƿcʖ�ŀůɲÎůîŃí΍ǉǿϜͮƟ

) (Tower, 2011)	HSP Ȧǃ��ħϝîáɫƕĘ̭Øͫ�$�!ĸǦ�²Ʒ

HSP100�HSP90�HSP70�HSP60�HSP40î sHSP	sHSPǱ�˚�ǿ�!mĮ

ʤ α-Ƕʂ˰ȗĈʤņ�ħϝɸɲ͕ʢ�ǿĵЕͧǮ HSPs�ɸ̉Ñƕʬ� (King 

and MacRae, 2015)	Hsp70�Hsp90î Hsp60�¢$ 70�90î 60kDa�ςťW�

͕ʢΔʬ:cʖ�²Ʒ HSPsʤ˰ȗϜǆ�͕ ʢΔƱÓ�ϲʹ�ʹ ̌îˬ̛ĳ^�

K̈ſð͕ʢΔßƤ�ˬ̛oÜXł�ΣžîMΎ˓Ϝͮαˊ (Clare and Saibil, 

2013)	Σž˫�Ș˰ȚͧǮ"˓ɸ̖ιȐP�Ț͝ŃíʤųϧǱʘ8 HSPʤͧ

ή (Sarup et al., 2014)	Žǭ͍ǹЂ8Ä«ʋČ��HSPʤͧήϝŉWč­�˰

ßŶť͕ʢΔũlζϜǤƱÓ�ſð͕ʢΔßƤ�ˬ̛oÜXł�ΣžîMΎ˓

Ϝͮαˊ�mƲˬ̛�8ǁY (King and MacRae, 2015)	ȷĕ�Ț͝ HSPØN

΍ǉ�=�ɩΣžûħʤɘƕ�ğ p53î HSF�Ǌɚ HSPØ̟Ǳςαε=Σž

ûħſðŃí (Tower, 2011)	 
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3.3 ʞȿ�Ńí΍ǉ 

ʞȿςťWŀͫƠȞʕʀτƤǮǲʤſð	ĭOWǁķͫƠȞʕʀʤˬ̛K

̈ł̭`�ˋƑĚ΍	ʞȿŀʕʀʤϊXʀΔî΍̴˝˳ʤſðØ̟ЄťĘ�ʔ

̬ŸΜˬ̛ȹ>	ˬ ̛ǜϝʤÒ³Wſð�!÷Ĳʤ¬̟�/Wł̭˫˭îˬ̛

˝˳ʤ¬̟�ϲ�K̈Ø̟ł̭ʕʀʤŃí˺ʴ (Semsei, 2000)	ŀ͍Ħʞȿʤ

ʶˌÏʌ�ʞȿŀ�Φ`ǭ͍ʤμßűWτƤ�áʤſð	ŀПō̡ɂ͒ Culiseta 

melanuraʤʶˌ"Ïʌ��ώД̢̣Зɴ
EEE�ʞȿϲ_4͒ħΦ`ʤƤ͍Ń

íîˣȻ« (Scott and Lorenz, 1998)	̈Д<˽
Mayaro�ʞȿʤΦ`ƤŨϾ͒

ʤĩɘʇNËʬ��ʜρƄ"ʤʪȡĊûͧήɎǿûʞȿƠȞÒ³�Ƥ͍Ńíî

ˣȻ«�͒ħ`�ɚϝʤʞȿɯűǧ� (Alto et al., 2020)	ε=ʞȿƠȞŀ͒ħ

ʤſðŜŶØ̟�ʞȿʤcʖǥŷǿ��ʞȿØ̟ĀΦ`͒ħ"c$:¡�ʕʀ�

̈Ā̢ȭ®ʀĻ%"c$ǿķļʕʀĩĀ	�

Ā͗͠Ϟņ͘"ĩĀ�˄Є̴ȼΒ)»Ϣ RNA ʞȿ PpNSRV-1���ş8

ţȿ͗͠Ϟņ͘Þ!˫˭��ĩĀ8ĀϾ͘îϼ͘ʤÞ!Ï̓ϭȼ (Wang et al., 

2017)	PpNSRV-1ʤʞȿϝĀ͗͠Ϟņ͘Ƥ̂͘³ãʤ 4 dN�ΰσˆˢũĀ 5 

dŚÚή£Ŗt�ţȿļʕ͘ï˝ʬɀ8�ţȿļʕ͘ï˝ʤŃíǲ̈́ųϧ��

ε˄ϧŃǘȚĀИɦ 35℃ʤȐP�JɺƤˎ	ʪ¨ PpNSRV-1 ʞȿτƤʤŃí

ųϧîãMƕɀ�ϲ˓ʕʏʌΑʤ�ħȉʏJ�ɤȮ	�

3.4 Ńíʬ�ĊûîoÜςΡ 

ςαȖˑɦű�Ϊńî̓�˓ʋČû˟ŀʕʀŃíʤ˺ʴƦųϧcʖ�ŝ˯

ǿͼĖ�΍ǉŃíʬ�ʤĊûͫϟĳ�ȑ	ĖŨȑ�ςαĊûǝϴîΉłαűͧ

ή˓ĵЕƩȼʺĳ4 2000b!ͨ̅ĊûîϧŃĊû (Tacutu et al., 2018)	ŽȜ

=ĊûÏʕ»ĊûˍÒǫ�ʕʀŃíǲ̈́ǌИ�ε=Ċûͫˇ$“ͨ̅Ċû”	Î

*�ğȚǿ=ĊûʤˍÒŸΜ4!`ůɲ̟«�ϲ�ł̭ʕʀŃíǲ̈́˺ʴ��

Ņε=Ċûˇ$“ϧŃĊû”	ĘĖǜϧŃĊûÈ�MΎ΍̴αˊîưůɲÎů�

Ő8 IGF-1R�PI3K�PKB�AMPKî TORMΎ΍ǉ́î FOXO�HDAC�p53

ůɲÎů́ (Proshkina et al., 2015)	 

ĀĖ˄ȱŷʕʀ"ʤŬɓʶˌÏʌ�ε=ĊûÈ�ĖȐŃí΍ǉςΡ�²Ʒ

̝ŕ˟/̝ŕ˟Ȥʕϧûħ-1
IIS� (Altintas et al., 2016)�sirtuins (Dang, 2014)�

»ʽϗ̩̺ɲɘ͕ʢɲϖ
AMPK� (Burkewitz et al., 2014)�NËЀŢЁ˟Їȡ
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TOR�ςΡ (Johnson et al., 2013)˓	IISρƄŅ̟ϝMΎ�ˬ̛ʕϧîͣ$�

̓�ʂ�̋˝Μȑ	ĀϕȽ�˪͍�Ț͝�ņТ˓ȱŷʕʀ"�Ư¤̝ŕ˟/̝ŕ

˟Ȥʕϧûħ-1oÜςΡ
IIS�Ϗ̟ėxŲāųϧʕʀʤŃí	IISĀζ³�µ

�mĮ�ĀKϕȽ£D`�Ϗ̟Ïʌ˚\ʤ̝ŕ˟ςΡ�û̈ͫͷ$ǱŃí�ĳ

"�!ЄťϜͮʤoÜρƄ	IIS ĀĖˬ̛ǿȉ`"ǿʱŬɓʤ΍ǉ¬̟��ˍ

ÒØNſðʕʀʤʕϧÏ̓�MΎŧͥ�x Ȼ«�ưνƕËŃí	TORǱ�˄΍

̴Ė˄ˬ̛¬̟ʤɲϖ�TOR
Target of Rapamycin�ςΡǱζ³�ƅmĮʤ΍

ǉ͕ʢßƤîʕϧÏ̓ʤ�ȐoÜςΡ�ſðʕϧ�ˬ̛čȻ�ˬ̛β®�ˬ̛

ĩɘ�͕ʢΔßƤ�̫øîΣž˓Ė˄ʕʏαˊ (Weichhart, 2018)	Ư¤ IISW

ϲ_ TORɘƕK̈ųϧŃí	Ā̴ЎȐP�˹ʵ̝ŕ˟Ȥ̔ʤĊûΣžɈŧW

ϲ_̈ųϧȚ͝Ńí (Mair and Dillin, 2008)�ɺ̈Çϴε=ĊûÂWł̭Ўʀɠ

̊Ɉŧč­Ńíųϧ (Grönke et al., 2010)	Ư¤ TORɘƕŀŃíʤǘȚ�̴Ў

ʤǘȚǱʬ\ʤ (Partridge et al., 2011)	ˬ̛� IISî TORoÜςΡ*ϩĩĀĽ

�ʤ:c�LO��LoÜςΡŀʋČûħʤ˷ßÎů�áſðŃí	

MAPK/ERKoÜςΡǱ IISςΡʤ�!ıöʤoÜ"Ρ� MAPK/ERKî PI3K-

Akt ςΡŀŃíʤ΍ǉcʖĀá�ϝ˦	MAPK/ERK ςΡʤ�ɩ�ϦΣžûħ

Aopî PI3K-AktςΡ�ɩΣžûħ FOXOĀΣžɈŧ��á΍̴Ńíʬ�ʤĊ

û��̇ϏǱƋͮ�ǿǘʤ	]Ǳ�8�̇ʤ:c�˝δ�Ǯʺ (Slack et al., 

2015)	AMPK Ǳ�˄̟ϝXƠ÷�cʖ8ˬ̛̟ϝŧͥ�ũǉ¤ưͨ̅oÜ˼

˲	AMPK ʤɲɘ̟«Āͨ̅αˊ"�ϲ (Salminen and Kaarniranta, 2012)	�

TOR ςΡ�á�AMPK ςΡĀ̓�#ľʤȐP�ͫɲɘ (Gwinn et al., 2008)	

AMPK ʤαűͧήî̼ͫʀ
ğ7ʙÍ̘�ɲɘ�Øųϧ˪͍îȚ͝ʤŃí 

(Funakoshi et al., 2011; Onken and Driscoll, 2010)	 

ǲɺ�̓ �ρƄË���L�˄oÜςΡʤʬ:cʖĀŃí΍ǉ"ǿʱϜͮ

cʖ�΍ǉε=ρƄŀŃíʤſðϏǱ}�ʤ	Ċ8ε=˰Ț�ʶˌ̇Oͷ$ͨ

̅ũ�Ǳ�!ͫ®ʤλ³αˊ�̈Ǳ�!ζ³�mĮʤĊû΍ǉʤαˊ	ɺ̈�

ŀŃí΍ǉʬ�Ċûʤ¬̟δɎǿʶˌοƀ	ǿ�ε=Ċû΍ǉŃíʤ�ħȉ¤

ʤ·ˬʶˌͧǮ�ĭOǿǫWųϧʕʀʤŃí�ǿǫWϳ¤Ńí (Honjoh and 

Nishida, 2011)	ʪ¨ň�ɤȮ΍ǉε=ρƄ£a˄ˊű�̟ėǽĘʤmʚĭOʤ

ǿ¡¬̟É̟ųϧŃí�áǫ΍ǉε=ʕʀρƄʤªcʖ/Ɏǿͫ}�ʶˌα	 
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ǭ͍ʤͨ̅îŃí΍ǉʶˌĘĖNȚ͝îʿWƕǭ͍c$ʶˌŀΑ	ςαĀ

Ț͝ū͍�ůʖ RNAŦƬƮȇîĊû˹ΫƮȇ
CRISPR��ƦǱȚ͝Ƥ͍�g

ʖ RU486Ήłʤ GAL4/UAS˝˳ζͣĵЕʶˌ�Ǎʾ4ŀȚ͝Ńí΍ǉǿʱ�

Ϧſðʤ 202!Ċû (Tacutu et al., 2018)îĖȐoÜςΡ	ε=�Ńí΍ǉʬ�

ʤĊûĀζ³�ĘĖǱmĮʤ	ŉ̪̃ʪǭ͍̈͵�ǿ�ͨ̅îŃíʶˌ�%ͮ

Ͻ"8ʿWƕǭ͍�ğȴɗ͘͜î͑͐˓�̩ �Æû%ͮĀ8ʿWƕǭ͍�ǿȖ

ˑϧŃʤØ̓ϾƕƤ͍Ëǲ̈́ʤŃí˦ĆŜŶ	ʕʀͨ̅ȉ¤µ�ēȊ�͏ ɺŝ

ÐƈƅĖζŏ�]Ǳǭ͍ʤͨ̅ȉ¤ËŃí΍ǉαˊδǱʶˌʔŇ	 

͗͠Ϟņ͘ P. puparum Ǳ�˄ļ%̻ýŬɓʤ�ļʕ͘�ØNļʕͼĖК

̃ʪķ͍ʤ͗ƦЊ͗ (Peck, 1963; Takagi, 1986)	�"�µĨ̵˅͉̿ʤϜͮķ

͍̿˛͠ P. rapaeǱ�%ͮļ%	ʗϩ΍ȠͧǮ�Ά͘ĀȓŘ˓¸�ā´ŀ̿˛

͠ʤļʕʇʬŽИ��Ī$ 58.97%�6Ǿ$ 62.35%�ǽИļʕʇή 90%N� (̜

̀, 1983)	c$�˄Ϝͮʤķ͍ęǙΗɫ�ļʕ͘ŀļ%˄́ʤɱĀſðjΘ8

ļʕ͘ʤŃí�ʕȻ«îǎŁļ%ʤǘʇ	͠ ͗Ϟņ͘ʤʕȻ«ĀǞ!Ƥ͍ȃϸ

ʱŨФʤčϧɎǿǲ̈́ʤ�ϲ�ųϧ�ŃíǿȁǌИ�ʗϩʕϫǘȚ	�*Ċû

˫ǜǃıǞ�ǯ8А��ǒc˕Ǆ�ŃíØċƕŻ˓ʁɵ�͗͠Ϟņ͘ØNc$

ʶˌŃí΍ǉȉ¤ʤ�˄ßμȱĆ	ŀ͗͠Ϟņ͘ʤŃíÒ³ͱƆζͣʶˌ��

F̟ėǻ­ʏʹęǙǭ͍ʤʕʏαˊ�$ǇǮŃíʤ΍ǉȉ¤ǌiǜǃ�áǫ/

̟$�LʕʀʶˌǌiÈ̆�ɀğÏʌɱĀʤ̼ʀЇȡ�ʶÏư̼ͨ̅ʀ˓	Ȇ

ˏ˷κʤͨ̅ʏͽîŃíϳ¤ûħŀʶˌ͗͠Ϟņ͘ʤŃí΍ǉȉ¤ǌi4Ɠ

Ρ	Ċ8ȆĵЕĶ¨ȃɚŭ̽ƈʤĊû˫îΣž˫ǜǃ�Ȇǟʁŀ͗͠Ϟņ͘ʤ

Ńí΍ǉȉ¤ζͣ4Ǉˠ��`ƓΡͯÿ 1.2	Б~�Ȧǃ˫ͭʤĊû˫ǜǃî

ŝʳʤȱŷʕʀʤŃíʬ�Ċûʤoƚŀ͗͠Ϟņ͘"ʤŃíʬ�Ċû
²Ʒϧ

ŃĊûîͨ̅Ċû�ζͣɔϚ	�ȳ��¢K�!Ø̟ʤŃíϳ¤û˟
̓��

ɸůɲî͗͠Ϟņ͘�ʕ RNA ʞȿ PpNSRV-1�ζͣĵЕîΣž˫˷ß�Ș	

ǽã�Āϟĳ�ǤʤŃíʬ�Ċû*ã�˔ξ�ǤʤŃíʬ�ĊûʤƯ¤§�ŀ

͗͠Ϟņ͘ζ̼ͣʏīĵЕ�ЕͿǤĊûʤųŃ¬̟îʕAůʖɱ«	 



��
�����$�����������������������������������������������������������������&�

���

 
ÿ 1.2 ȆǟʶˌƓΡ�ƮȇΡ˪ 

Figure 1.2 Research idea and technical route of this paper.
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˰ß Illumina�PacBio ɚŭƮȇî Hi-C Ψ¯˫ͭƮȇ�͗͠Ϟņ͘ʤИΔ

ϝȞ̲`˦Ċû˫ĀγȃıƤ˫ͭɔϚ (Ye et al., 2020)	˫ͭãʤĊû˫Ęņ

$ 338 Mb�contig N50$ 38.7 kb�scaffold N50$ 1.16 Mb	Hi-C�ȘŅĊû˫

scaffold˫ͭ£ 5ȐȞ̲`��g scaffold N50ǌИ£ 65.8 Mb�96%N�ʤ˫ͭ

ʻĊ^8Ȟ̲`�	ςα�˄ƕ¢î 4!�áʕíϭȼʤΣž˫ɚŭǜǃΨ¯ı

Ƥ4ĊûɔϚ	 

Ȧǃ˷κØʳ�ŝʳʤŃíʬ�Ċû�şĀ IIS�TOR î AMPK ˓UĖρ

Ƅ��²ƷIłʕϧ�MΎ�Ï̓�ƴư«˓αˊʤĊû (Moskalev et al., 2014)	

ĀȷĊʸ��ÈɻȚ͝�&͗͝ϽϞņ͘˓ǭ͍Ńí�ͨ̅ʬ�ĊûʤɔϚ 

(Proshkina et al., 2015; Tacutu et al., 2018; Werren et al., 2010)�ŉ͗͠Ϟņ͘Ńí

�ͨ̅ʬ�ĊûζͣɔϚ�ϟĳ��Ș	 

1 ,#�$/ 

1.1 i΄ǭ͍ 

͗͠Ϟņ͘ P. puparumË�ļ%̿˛͠ P. rapaeū͍ǽ ϙ̫ɝɌʭȓŘ

ŞɝɌĘī�Ă΄Еʗ�ĀĵЕĶθ˵˧³ĉ�4µĖMãζͣ de nova ɚŭ�

�А�ǥɒÈ͈̆ŗ˓ǥɒ (Cai et al., 2004)	͗͠Ϟņ͘Ë�ļ%̿˛ͫ͠А

�ĀɦűDřɄrĶ�
ɦű$ 25 ± 1℃�ɪű$ 60 ± 5%��ìȃ$ L : D = 14 

h : 10 h�	͗͠Ϟņ͘ʤʕíìȃ˥$ 40 d��̙̚Āļʕã 48 hŚÚĬ³Ƥ

ū͍�ū͍ȃ$ 8 dŚÚ�͗ȃ$ 10 dŚÚ�ɺã̂³$Ƥ͍	͗͠Ϟņ͘Ƥ͍

ʤŃíĀ 25℃ȐP�˥$ 20 d	 

͗͠Ϟņ͘Ƥ͘А�8Ț͝˗
ʫƄ$ 24 mm�ϧű$ 95 mm�"�Ⱦ˗Ǘ

˾ 30ěŚÚ	�ˣȻαˊğ�

1�̂³ãʤϾ͘îϼŖĘ˥ 1:1ʤɀhА�

ĀȚ͝˗"�ʖṴ̈̄αʤɂˬ˗õЎɒ
CAFE�Аõ10%͘͜Ɉ (Ja et al., 2007)�


2�Ņ}�?ϐ 3 dʤϾ͘ΥΥê�ʍʓ˗
ʫƄ 1.1 mm�ϧű 7.8 mm�"�

ʍʓ˗"áǫǗ�³͗ 1 dʤ̿˛͠ʤ͗ļʕ 24 hã�ŅϾ͘éΚ�
3�˯α

15 dŚÚ�ļʕ͘ŵġ̂³�̂³ãʤļʕ͘ÁØʖ8ĵЕËǤ�Τʤļʕ	 
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1.2 RNA-seqǜǃʤ�Ș 

RNA-seqǜǃʤϙϽîđʏƽɻ Yang et al. (2017)ǋκʤəˊζͣ	ϙϽȤ

ïǫ�Ā 12 h �KǤļʕʤ̿˛͗͠"ϙϽ͗͠Ϟņ̙͘̚�gƨǿȤïmƻ

Āǩȃ̙̚ϭȼ	Āļʕã 2�4�6 dϙϽ 1�2�3Фū͍	ϸã�¢ǔϽǩȃ

ϭȼ͗î̂³ã 2 d ʤϾ͘îϼ͘	đʏãζͣɚŭ�ƈ£̙̚�ū͍�Ͼ͗�

ϼ͗�ϾƤ͍îϼƤ͍˓�!�áǫȃî�áƕ¢ʤΣž˫ǜǃϽ	gʖ RSEM

Ͷ˖Ⱦ!ȤȆʤĊûͧήɈŧ (Li and Dewey, 2011)	͗͠Ϟņ͘ʬ�Ċûʤ

FPKMt�8ϯͧⅠ"	gʖ TBtools (Chen et al., 2020)ŀ͗͠Ϟņ͘Ńíʬ�Ċ

ûĀÞÏ̓ϭȼʤΣžΐζͣØͲ³�Ș	 

1.3 ͗͠Ϟņ͘Ċû˫"Ńíʬ�Ċûʤϟĳ 

Ńíʬ�Ċûʤϟĳǿ�˄ťʖʤĵЕƩȼ
�ǱgĊûĚɘ�̸ Ċû˻Ě

Ʀͧήϝϲ_ãʕʀŃíųϧ��ͷ$ĭǱͨ̅Ċû�7ǱgĊûαϝͧή�̸

ʕʀŃíųϧ�ͷ$ΆĊû$ϧŃĊû	Б~�ǞʏŝÏͧʶˌ"ǿĵЕͿǮ�

ʕʀŃíʬ�ʤĊû�ũKП̨Ț͝ D. melanogaster î�LȱŷʕʀĊû˫"

ǌÐ4Ⱦ!Ċûʤȥϗî͕ʢΔŭ�ŴˎˠŸŮ	gʖ BLASTP ŀ͗͠Ϟņ͘

Ċû˫ζͣȬˠ�̽ ƈ etņ8 1.0*10-5ʤrξáɫ͕ʢŭ�	ςα HMMER�

Pfam ǜǃŮŀƨǿŃíʬ�ʤrξĊûζͣ�Ș�NʺmȾ!ŭ�Ϗ²æȡƍ

ƕʤ˰ȗĈ (Prakash et al., 2017)	̝ ξ�æǿʁĳ˰ȗĈʤЊɚ͕ʢŭ�ã�Ņ

ǜǃǌ?̬ BlastKOALA
http://www.kegg.jp/blastkoala/��ζͣЕͿ	ǽã�Ā

Ċûʤͧήΐ"ζͣ˔ξÇϴĀƨǿ�áǫȃ FPKMtă<1ʤĊû�ƈ£Њɚ

ʤ ͠ ͗ Ϟ ņ ͘ ʤ Ń í ʬ � Ċ û 	 g ʖ Omicshare 9 ŧ Ù


https://www.omicshare.com/�ζͣĊûȆ`
GO��Ș	 

1.4 RT-qPCR�Ș 

ЕͿͧήΐƨʖʤȤȆ�Σž˫ɚŭȤïƽáȤʤəˊϙϽîđʏ	ϙϽɸ

ůɲđʏË�ŀɻ˫ʤƤ͘Ȥïǫ�Ņ�̂³ʤƤ͘˾8 25℃î 35℃ʤDřɄ

rĶ"	ĀƤ̂͘³ã˒ 5�10 î 15 d �¢ϙϽƤŨϾ͘��¢MͧЃŨ�"

Ũî̅Ũϭȼ	ϙϽƨǿȤï�Ȧǃ TRIzol®
Invitrogen�California�USA�ʤ

gʖΊǮǌÐÞŨФȼƤ͘ʤƖ RNA	ǌÐʤƖ RNA ʖ NanoDrop
Thermo 

Scientific�Wil mington�DE�Ɖϝ���űͶζͣɚĳ	NǌÐʤƖ RNA$ȱ
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ȕ�gʖ PrimeScript™ One Step RT-PCR Kit
Takara, Japan�νΣž΄§ʩȦǃ

΄§ʩΊǮ1ζͣÎΣžßƤ cDNA	 

Ā 25 μl Îů`ˆ"gʖ 1 ng cDNA c$ȱȕ	Ÿʀʖ Primer3 v4.1.0 î

Primer-Blast
http://www.ncbi.nlm.nih.gov/tools/primer-blast/�;Ͷ
ͧ 2.1�	ʖ

RT-PCRË�AʀʤɚŭȑȣȶƨξĊûʤȥ̺ϗŭ�	$Ⱦ!ɚ΄Ċû;Ͷ4

̬Ň�ŀʁŶƕŸʀ	$4ЕͿ qPCRŸʀʤʁŶƕ�ĀȾ! qPCRÎů˰ȏǫ

­� 60-95℃ʤʹ˂Ǻ˪	$4ʺĳŸʀʤǘʇ��¢ʖ 10�100,000 qʤθ˵

ˉϚɢŀȱȕζͣ qPCR�ũͶ˖�ǘʇt	ȦǃʁŶƕîǘʇЕͿʤ˰Ț�ξ

ƶßμʤŸʀζͣĊûͧήΐʤɚĳ	qPCR ϙʖ SYBR® Premix Ex TaqTM II


Tli RNaseH Plus�
ǨȆ Takara�Ý�ζͣ	Ⱦ!Ȥï;˾ 3!ʕʀʄˎϜē

�Șî 3!ƮȇϜē�Ș�Nˋĳͧήʤ 18S rRNAc$�ÈĊû�Ņɸůɲ˫

ʤ mRNAˆˢϝ�ŀɻ˫ζͣɀΧ	¡ʖ 2-ΔΔCtɒŀ mRNAͧήɈŧζͣĳϝ

�Ș  (Livak and Schmittgen, 2001)	˳Ͷī�Ș¡ʖ GraphPad Prism 6


http://www.graphpad.com�ζͣ	  

 

ͧ 2.1 ȆˏƨʖŸʀ 
Table 2.1 Primers used in this chapter 

r³FÊ�  õğo5 (5’-3’) ¶Ě�

qpphspa1-1f ATCCACCCGTATCCCCAAGA ĒtÛ��½`ġ PCRİ
Ą�qpphspa1-1r CGTCGAGAAGCAGGAGATCC 

qpphspa1-2f TGAGAACAGCAGCAGAACGT 

qpphspa1-2r GGTTCAAGAGTGGAGCGGAA 

qppcryab-4f GCAGTTCAAACCCGAGGAGA 

qppcryab-4r ATGACATACCTGCGCACGAA 

qppptenf GACCCACCAGCAACCGATTA 

qppptenr CCTGCTGTGGTCTAAGAGCC 

qppPIK3R1_2_3f CTCAGACAGCAGCTCAACGA 

qppPIK3R1_2_3r TTGTCGTACCACTGAACCGG 

qppaktf GAGGGCTGGCTTTTCAAACG 

qppaktr GCTGCCATTTGTTGATCGGG 

qpphspa1-4f GACACCCAGCTATGTTGCCT ²p°À-RM½`ġ
PCR qpphspa1-4r GGTCGCTCTGGATCTTCTCG 

qpphspa1-3f GCGTGCCAAAGATCGATGTC 

qpphspa1-3r GTCTGCCAACATCCTGTCGA 

qppsod2-f CAACCACAGGCCTGATTCCT 

qppsod2-r TGAAACGAGCGCTGACATCT 
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qppETV6_7f CTACACGCACTACATCGCCT 

qppETV6_7r CAGGATGTTGACGCGGTAGT 

qppfoxo3f CCGATCTCATCACTCAGGCC 

qppfoxo3r AGTTCTTCCATCCGGCACTG 

qppnfkb-f CCTTCTGAGACTTGGGGCTG 

qppnfkb-r TGCGCCTCCAGATTCAACTT 

qppsod1-1f GTAACGTTGAGGCTGGCTCT 

qppsod1-1r TTGGAGAGTTCATGGCCACC 

 
2 9-�>? 

2.1 Ńí΍ǉςΡ�ʤĊû 

Ā͗͠Ϟņ͘ʤĊû˫"�ϟĳ�4 229!Ńíʬ�Ċû
ͧ 2.2��Ȧǃ

ǟʅƳωʤĊû¬̟ŀĭOĀŃí΍ǉρƄ"ʤcʖǞßƤ�!ȱƵʾƟÿ
ÿ

2.1�	Ȧǃ͗͠Ϟņ͘ʤrξĊû�ŝʳȱŷʕʀʤŃí΍ǉʬ�Ċûʤáɫ

ƕ�Њɚ4rξĊûʤ¬̟îØ̟ʤŀŃíʤſð
ͧ 2.2�	Ȧǃε=Ċûʤ

áɫʀÈ��áȱŷʕʀŃí΍ǉʤ¬̟Ƴω�ǊɚĭO/Ø̟�͗͠Ϟņ͘ʤ

Ńí΍ǉǿ�	ĊûȆ`
Gene Ontology�GO��ȘͧǮε=ĊûØ�$ 7!

¬̟˫	�"�˰ß¬̟˫ʤĊûǽĖ�²æ 68!Ċû	�ȳǱz³ɘƕ˫�

²æ 46!Ċû	ȷĕ�ǿ 16!Ċû�ǿΣžûħɘƕ
ϯžⅡ�	 

ȦǃĊ8 RNA-seqǜǃʤɸÿ
ÿ 2.2�Øʳ�Њɚʤ͗͠Ϟņ͘Ńíʬ�

ĊûĀ̙̚"ͧήΧĖ�ŇǜĊûĀƤ͘"ͧήΧИ	ε=Ńíʬ�ĊûĀȚ͝

"ʤáɫĊûÈ�ʕϧ�MΎîÏ̓˓ˬ̛αˊ�ûȷǊɚε=ĊûĀ̙̚ȃʤ

ИΣžɈŧØ̟�̙̚Ïʕǿ�	̌˚�ȘĘ̭ŅĊûͧήȱŷ�$�˄˚Ć	

Ā�áÏ̓ϭȼИͧήʤĊûĘĖ�ưůɲƕǿ�	Ā�Іʤˏ̴"�Ņ͸ͽc

ʖ8ʁĳρƄʤĊû	 
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ÿ 2.1 ͗͠Ϟņ͘Ńíʬ�ĊûËςΡʾƟÿ 

Figure 2.1 Putative signaling pathways and regulators/mediators/effectors 
for P. puparum longevity regulation. 

«�ĖsÆ{N©â�jÂ<
eIĈ�½RM�LÈ�EĮó½ê�ýÆ^�Xñh�K

È&CěĐ�¶Ú���Æ^�½-Õ�k�*¤�w½ØÚýÆ�7�æk�ÐZ½ùÚ

ýÆ°¬�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/AktoÜςΡ 

̝ŕ˟
Insulin�È�΍̴˜˚�̠Δî͕ʢΔMΎ (Nassel and Vanden 

Broeck, 2016)	IIS
Insulin/IGF-1 signaling pathway�ſðD˚ʤŃí�ˣȻîĖ

˄ʝʞ (Mazucanti et al., 2015) 	Ā͗͠Ϟņ͘"ɔϚ£4Ț̝͝ŕ˟Ñ 
̀InR��

̝ŕ˟Ñ`Űʀ 1
IRS-1�î̝ŕ˟Ȥ̔
Insulin-like peptide, ILP�ʤáɫĊû


ͧ 2.2�	ʬɀ8Ț͝"ʤ 8!̝ŕ˟Ȥ̔
dILP��͗͠Ϟņ͘"×ɔϚ£

1!	͗͠Ϟņ͘"ɎǿɔϚ£̝ŕ˟Ȥʕϧûħ 1
IGF-1�	ILPî IGF-1�

InR
�˄ϒɇϗɲϖÑ`�˰ß�ϸã IRS-1 ςαʽϗ³ͫɲɘ	͗͠Ϟņ͘

ʤ̝ŕ˟Ñ`Űʀ 1
PpIRS-1��Ț͕͝ʢ Chicoáɫ	Chicoʤͧήϝϲ_Ø
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gáɫ`"͝ʤ"^Ńíųϧ 48%�Ŷɫ`"ųϧ 36% (Clancy et al., 2001)	

PpILP ʤ mRNA ͧήɈŧĀ̙̚ȃή£ЉŖ�Āū͍ȃãÒƈǻИ	εͧǮ

PpILPÈ�4̓�ʀΔʤéǔîʕϧ΍̴αˊ	PpInRʤΣžɈŧĀ̙̚ȃИ8

ū͍ȃãÞϭȼ�εØ̟ͧǮ PpInR Āļʕ͘ʤ̙̚Ï̓αˊ"Ïƿcʖ	

PpIRS-1ĀÞÏ̓ϭȼʤͧήɈŧʬŀˋĳ�ǽИʤ FPKMtǈγ 53
ÿ 2.2�	

ǃȷ�ǊɚĀ͗͠Ϟņ͘" IISʤ¬̟Ø̟δ�̓�ʀΔʤǏÐîʕϧMΎ΍̴

ǿ�	 

Ā͗͠Ϟņ͘"ɔϚ£4�˫ IIS �ɩʤ PI3K-Akt oÜ˙ʤĊû�²Ʒ 2

! PI3K�1! Akt��! wdb�1! FOXO�1! FOXA2�1! PTENî 1! 14-

3-3ε
ͧ 2.2�	AktØNςα PI3KjΘƕîЄjΘƕʤȉ¤ͫɲɘ (Mahajan et 

al., 2010)	ĭςαƯ¤ˬ̛�>cʖ8ˬ̛ʕĩρƄ�/È�͕ʢΔßƤ�ůɲ

Îůîͨ̅ (Moskalev et al., 2014)	Akt �ǿ�! PH ˰ȗĈ�ĭ̟� PIP3 Ʀ

PIP2˰ß	ĀȚ͝"�ILPs� InR˰ß�ɲɘ PI3Ks	ͫ InRɲɘã�PI3KsŅ

PIP2ʽϗ³$ PIP3�K̈ɲɘ 3-ʽϗ̺̏jΘƕɲϖ 1
PDK1��ã̇Éςα

ʽϗ³Akt͕ʢ�ʤ̷ɇϗ
Thr308�î�ɇϗ
Ser473�ȺĊȑɲɘAkt (Moskalev 

et al., 2014)	wdbǱ�! Ser/Thrʽϗϖ PP2A΍̴<Ċ	ĀȚ͝"αͧή wdb

Øg AktĚɘũųϧŃí (Funakoshi et al., 2011)	PTENǱ�˄ϒɇϗʽϗϖ�

ͫˇ$ͼĖʡʟ̼ʀʤЇɵ	ĭ²æ�!Ź«Ȥî�!z³Ĉ�ʖ8ʽ̠ϔ<̞

ŰʀʤÇʽϗ³	ĭςαŅ PIP3Çʽϗ³$ PIP2ȑΒä΍̴ PI3K/AktςΡ (Shi 

et al., 2014)	 

PpFOXOĀȚ͝"ʤáɫĊû dFOXOŝͫʺĳ$΍ǉ Akt�ɩŃíʤ�Ϧ

Σžûħ	dFOXOͧήϝ�΍ØΉłŃíųϧ (Giannakou et al., 2004; Nielsen et 

al., 2008)	Êěʩ
FOX�ĸǦ�B�!mĮʤ DNA˰ßĈ�Ø�$ FOXA̬

FOXS (Lam et al., 2013)	PpFOXA2ʤȚ͝áɫĊû FKHǱ΍̴̑ωͨ̅ʤ�Ϧ

Σžûħ	FKH� Aktî TORςΡʬ:cʖ�gȚ͝ʤ"^ʕĩȃųϧ4 18% 

(Bolukbasi et al., 2017)	Ċ8ε=áɫĊûʤ¬̟�Ā͗͠Ϟņ͘"ɔϚʤ PI3K-

AktςΡØ̟Āˬ̛¬̟�ΜϜͮcʖ�È�ļʕ͘ʤΣž�̄΃�ʕϧîŃí

΍ǉ	 
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ÿ 2.2 ͗͠Ϟņ͘Ńíʬ�ςΡĊûĀ�áÏ̓ϭȼʤͧήΐ 

Figure 2.2 Expression profiles of P. puparum putative lifespan�related 
genes in different development stages. 

«�¶ FPKM (ýÆeIÀ-RM½ýĔ¨l��ÆO�­Òó6Øó½¢q²N��R
M½ mRNA¨l�· log2�FPKM + 1�(Lò�,ýÆ�T´G½(O¢q²N��ùó
�0�6Øó��10��E�ìë	L�nú	FP�īyü	MP�Īyü	FA�īy}ú	
MA�Īy}ú�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/ERKoÜςΡ 

͗͠Ϟņ͘ʤ MAPK ʬ�ĊûØ̟È�4ůɲÎů�ˬ̛�>îʕĩ˓ˬ

̛αˊ	Ⱦ!Ț͝ MAPK/ERK ˫�Ā͗͠Ϟņ͘"ϏɔϚ£4 1 !áɫĊû	

ĀoÜΣłαˊ"�ɲɘʤ Rasɲɘ Rafɲϖ�K̈ł̭MEKɲϖʤʽϗ³î

ɲɘ�ζ̈ɲɘ ERK	Rafî ERKǱ�ɇϗ/̷ɇϗξƶƕ͕ʢɲϖ�MEKǱ�

ɇϗ/ϒɇϗ/̷ɇϗɲϖ	RafɲϖǱʘ A-Raf�B-Rafî C-Rafε�˄�ɇϗ/̷

ɇϗʁŶƕ͕ʢɲϖ˫ƤʤĸǦ�ĭO�νΣžʞȿʡĊûǿ� (Roskoski, 

2010)	��Ț͝áɫ͕ʢ�Ȥ�PpRafŐ8 B-Rafɲϖ	Ā 20!ǭ͍Ċû˫"�

ȝȲȄ͎ D. citri"ʤ dRafáɫĊûǱó�ʤ A-Raf	ɹ ˗Ιʰ͘ Trichogramma 

pretiosum "ǿ 3 !Ț͝ Raf áɫ`�"ȴőȔĘņ͡ Dendroctonus ponderosae

"ǿ 2 !	D. citri "ǿ�! MEK��Lǭ͍"ǿ�!	ĀȰņ͘ Ceratosolen 

solmsiîćËT͒ Aedes aegypti"ǿ 2! ERK��Lǭ͍"ǿ 1!	ERKc$

Ė˄oÜςΡʤǞß̴ɵcʖ8Ė!ʕʏαˊ�ğoÜΣłîΣž΍̴ (Slack, 

2017)	 

2.1.3 AMPKoÜςΡ 

AMPKĀŃí΍ǉςΡ˼˲"Ǳ�!Ϝͮʤ̴ɵ
ÿ 2.1�	AMPKØN΍

̴ƨǿϧŃ΍̴÷ʤ¬̟�ğ FOXO�TOR�̕ʠưÆ p53�sirtuin 1
SIRT1�

î cAMP΍̴Σž̋ßɲɘħ-1
CRTC-1� (Salminen and Kaarniranta, 2012)	

Ā͗͠Ϟņ͘"ɔϚ£4 26 !ςα AMPK ρƄÏƿcʖʤ͕ʢ�²Ʒ 3 !

AMPK<Ċ�2! PKA�1! NF-κB�5! Dorsal�5!̩̺ϗʋ³ϖ
AC��

2! p53͕ʢ�1! Sestrin�1! Lkb1�1! CRTC-1î 1! cAMPÎů{P˰

ß͕ʢ
CREB�
ͧ 2.2�	ǊɚĀ͗͠Ϟņ͘ AMPKρƄ"ÏʌʤĊûÈ�

4̟ϝMΎîˋƑʤ˶ƻ	NF-κBǱůɲÎů�̫ øîˬ̛�>ʤÖ�!΍̴÷, 

ĭáǫ/È�4 PI3K/AktîMAPK˓ĖȐoÜςΡ	ȿʀ�ĜǘůØNƼRa

ŀʋČʀΔ�ǿÍʬÎůʤʕʀαˊ	NF-κBØ̟ςαȿʀ�Ĝǘůʤǥŷcʖ�

ųϧʕʀŃí (Chirumbolo, 2012)	PpNF-κB�Ț͝ Relisháɫ	;! PpRELǱ

Öĕ�!Ț͝ NF-κB
Dorsalî Dif�ʤáɫʀ	Ǌɚ͗͠Ϟņ͘ʤ 6! NF-κB

cʖ8ư̾˓�ʜαˊ	 
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2.1.4 ̫øĊû 

̫øαˊǱʘ̫øʬ�Ċû
ATG�ĵʌʤ (Vellai, 2009)	͗͠Ϟņ͘"�

ɔϚǿ 25 ! ATG Ċû
ͧ 2.2�	ε= ATG ͕ʢØ̟È��áϭȼʤ̫øα

ˊ�Āļʕ͘ʤͨ̅�Ï̓�ˬ̛ˋƑ�ˬ̛ȹ>îʕĩ˓�=ĖϜʕʏαˊ"

Ïƿcʖ	ÿ 2.3"ǋκ4 ATGsʤ�=cʖ (Hansen, 2016)	AMPKî TORς

αƯ¤ò3®ʀ ATG1ʤáɫĊû ULKȑ΍̴̫ø (Chan, 2012)	Ȧǃ˪͍ ATG

Āͨ̅΍ǉ"ʤcʖ (Hashimoto et al., 2009)�Ǌɚ͗͠Ϟņ͘ʤ ATGĀŃí΍

ǉ"/Μ£�ĳcʖ	Ț͝ ATG8áɫĊû
PpGABARAPî PpMAP1LC�ĀÞ

Ï̓ϭȼʤĊûͧήɈŧăИ8�L ATGĊû�ǽИʤ FPKMt$ 692	 
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ÿ 2.3 ͗͠Ϟņ̫͘øαˊʾƟÿ
È̆ Hansen, 2016� 

Figure 2.3 Overview of macroautophagy process and PpATGs.  
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2.1.5 ůɲαˊ"ʤŃíʬ�Ċû 

cʖ8ůɲÎů"ʤŃíʬ�Ċû²æ4ðůɸůɲʤɸɲ͕ʢ˚�ðůɆ

³ůɲʤɆ³ϖ˚�Ç.ϔ³ϖ˚
HDAC î sirtuins�NË�L΍ǉŃíʤĊ

û	Ā͗͠Ϟņ͘"�ɔϚ£4 3! Cu-ZnΝɆ³ʀȸ³ϖ
CuZnSOD��1!

Fe-MnΝɆ³ʀȸ³ϖ
FeMnSOD��1! CATî 2! GPX
ͧ 2.2�	ε=ư

Ɇ³ůɲÎůĊûʤ¬̟Ø̟ǱmƲˬ̛�ÑɆ³ůɲǁYîưͨ̅	 

Ā͗͠Ϟņ͘Ċû˫"�ςαɔϚƈ£4 24!ɸɲ͕ʢ HSP��"ǿ 8!

sHSP
PpCRYAB1-8�	áǫɔϚ£4 4!˫͕ʢÇ.ϔ³ϖ PpHDACî 6!

NAD+jΘƕÇ.ϔ³ϖ PpSirtuin
PpSIRT1�2�4£ 7�	ʬɀ�Lʕʀ�ϕ

ȽîȚ͝"ǿ 5˄ sirtuin͕ʢ�˪͍ǿ 4˄�ņТîD˚ǿ 7˄ (Giblin et al., 

2014)�ļʕ͘"Ç.ϔ³ϖ˚ǜϝΧĖ�Ǌɚ�͗͠Ϟņ͘"ĩĀ�ʕˬ̾î

ʞȿǿ�	HDACcʖ8 HSPĊûʤΣž	SirtuinsǱ�˚Kˬ̾£D˚"Иű

mĮʤÇ.ϔ³ϖ˚ (Bitto et al., 2015)�Ő8 III˚ HDAC�΍̴Þ˄ˬ̛αˊ�

²ƷMΎîͨ̅ (Grabowska et al., 2017)	SIRT1ǱȚ͝ dSir2ʤáɫĊû�ðů

CR ũIł IIS oÜ	ĭςα²Ʒ FOXO�p53 î NF-κB Ā�ʤ�!ΣžûħĀ

ưůɲ"Μcʖ
Haigis & Sinclair�2010��ͫͷ$� DNApē�ưɴʟîư

ͨ̅ǿ�	SIRT6ĀĊû˫ DNAˋĳƕî DNApē"Μcʖ	αűͧή SIRT6

ØNǲ̈́ųϧϼƕņТʤŃí	SIRT6ΣĊûņТͧʌ� IGF-1ʤͧήɈŧϲ_ 

(Kanfi et al., 2012)	SIRT7Ø̟Ǳ�!ʡĊû�Ā�=D˚ʡʟ"Иͧή (Roth 

and Chen, 2014)	SIRT7 cʖ8 DNA ÍϢǢͬpēîĊû˫ıǞƕʤ˶ƻ 

(Vazquez et al., 2016)	È�ưůɲƕʤĊûʤ FPKMtĀ 0.2�2726*ϩ�Ǵχ

И8�LŃíʬ�Ċû	 

2.1.6 MΎαˊ"ʤŃíʬ�Ċû 

cʖ8MΎαˊ"ʤŃíʬ�Ċûϴ4¨ǟǌ£ʤ IIS�TOR î AMPK ˓

ςΡ�ʤĊû�δ²Ʒ΍ǉ̟ϝMΎ�̠ΔMΎ�ʕȻÏ̓�oÜXł˓�Lʕ

ʏαˊ"ʤĊû
ͧ 2.2�	�8̠ΔMΎʤĊû�Ā͗͠Ϟņ͘Ċû˫"ɔϚ

ƈ£4 JHȥÑ`
PpUSP��2! JHΣˈϖ
JHAMT��2! JHʋɆɈʹϖ


JHEH�î͚ʦϓÑ`
PpEcR�	JHAMTǱ�˄ JH-IIIßƤϖ�Øɲɘ JH	

JHEHz³ JHʋɆ³ʀʤɈʹ (Niwa et al., 2008)	Ā˪͍î�=ǭ͍"ʤʶˌ

ͧǮ�̠ΔMΎ�Ńíǿ� (Russell and Kahn, 2007)	Ț͝ǿ�˄%ͮʤC̠ƕ
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ɲ˟�͚ʦɲ˟
ecdysteroid�îmūɲ˟
JH��ĭOͫͷ$�Ƥ͍Ńíǿ� 

(Toivonen and Partridge, 2009)	JHcʖ8Ț͝î�Lǭ͍ʤŃí΍ǉ�NËŃí

�ʕȻ«*ϩʤŧͥ�˝ (Flatt and Kawecki, 2007; Yamamoto et al., 2013)	ʖ JH

˚\ʀʙĐ˟đʏ InRˍÒʤϧŃȚ͝W˺ʴ�Ńí�ΊǮϲ_ JHΟNųϧŃ

í�� JHî IIS*ϩĩĀ̋˝ (Tatar et al., 2001)	 

͚ʦϓÑ` PpEcR ʤȚ͝áɫĊû dEcR ˹ʵ�˄� USP Ŷȗʤȥɲ˟Ñ

` (Schwedes and Carney, 2012)	EcdysoneǱǭ͍%͚ͮʦɲ˟ 20-̀Ċ͚ʦϓ


20E�ʤlɲ˟	� JHʬ\�ecdysone\+Ā IIS�ɩÏƿ�Ńíʬ�ʤ¬̟ 

(Tu et al., 2005)��ȉ¤Ø̟Ǳςα΍̴ȥɲ˟Ñ`ʤΣžɈŧ (Russell and 

Kahn, 2007)	EcR ȊßˍÒ`Ț͝ʤŃíK 20%ųϧ£ 50%���ŃíĀ�˄

ƕ¢î�áϊX̗ǵʤ�!ï˝"Ϗǿƨč­	ĭOͧʌ�ŀɆ³ůɲ�ɸîĚ

Ɉ�˄ůɲʤƴư«čŻ (Simon et al., 2003)	
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� 2.2 
������
���	�� ID��� 
Table 2.2 Gene ID and annotation of P. puparum lifespan-related genes 

��;� ���7 (F � 2.1��
 �9 

���"

� 
�=)0 

IIS-PI3K/Akt signaling pathway 
PPU01146-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 PpPDK1 3-phosphoinositide dependent protein kinase-1 PDK1 Anti  (Paradis et al., 1999) 
PPU00499-RA PpPI3K92E Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit 

alpha/beta/delta 
PI3K Pro  (Biteau et al., 2010) 

PPU14545-RA Ppwdb_1 Serine/threonine-protein phosphatase 2A regulatory subunit B wdb Pro  (Funakoshi et al., 2011) 
PPU01704-RA Ppwdb_2 
PPU05718-RA PpPTEN Phosphatidylinositol-3,4,5-trisphosphate 3-phosphatase and dual-

specificity protein phosphatase PTEN 
PTEN Pro  (Demontis and Perrimon, 

2010) 
PPU13406-RA PpFOXO_1 Forkhead box protein O FOXO Pro  (Hwangbo et al., 2004) 
PPU10813-RA PpFOXO_2 
PPU05162-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 Pp14-3-3ε 14-3-3 protein epsilon 14-3-3ε Anti  (Nielsen et al., 2008) 
PPU02576-RA Pp14-3-3ζ 14-3-3 protein zeta 14-3-3ζ Pro  (Li et al., 2007) 
PPU11704-RA PpRNASEK Ribonuclease kappa RNASEK Pro  (McCormick et al., 2012) 
PPU07542-RA PpTCERG1 Transcription elongation regulator 1 TCERG1 Pro  (Ghazi et al., 2009) 
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PPU04213-RA PpTGFBR1 TGF-beta receptor type-1  Anti  (Bai et al., 2013) 
MAPK/ERK 
PPU04462-RA PpJNK C-Jun N-terminal kinase JNK 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) 
PPU01990-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) 
PPU07049-RA PpATF2 Cyclic AMP-dependent transcription factor ATF-2 ATF2 undirectly 

related 
 (Waas et al., 2001) 

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) 
PPU03798-RA PpRaptor Regulatory associated protein of mtor Raptor   
PPU06343-RA PpPRAS40 Proline-rich Akt substrate 1 PRAS40   
PPU16116-RA PpmLST8-1 Target of rapamycin complex subunit LST8 mLST8   
PPU10534-RA PpmLST8-2 
PPU12236-RA PpmLST8-3 
PPU15964-RA PpS6KB-1 Ribosomal protein S6 kinase beta S6K Anti  (Kapahi et al., 2004) 
PPU05285-RA PpS6KB-2 
PPU05284-RA PpS6KB-3 
PPU10327-RA PpS6KB-4 
PPU06188-RA PpTSC1 Tuberous sclerosis 1 TSC1 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 
PPU00209-RA PpTSC2-3 
PPU03684-RA PpRheb Ras homolog enriched in brain Rheb Anti  (Honjoh et al., 2009) 
AMPK signaling pathway 
PPU00059-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  (Tóth et al., 2008) 
PPU06179-RA PpNFKB1 Nuclear factor NF-kappa-B p105 subunit NF-κB Pro  (Jurk et al., 2014) 
PPU09281-RA PpLkb1 Serine/threonine-protein kinase 11 Lkb1 Pro  (Funakoshi et al., 2011) 
PPU12340-RA PpPKA-1 Protein kinase A PKA Pro  (Tong et al., 2007) 
PPU07580-RA PpPKA-2 
PPU03651-RA PpNFKB3-1 C-Rel proto-oncogene protein NF-κB unclear  (Beg et al., 1995) 
PPU14444-RA PpNFKB3-2 
PPU14463-RA PpNFKB3-3 
PPU03121-RA PpNFKB3-4 
PPU08282-RA PpNFKB3-5 
PPU07824-RA PpAC2 Adenylate cyclase 2 AC   
PPU11296-RA PpAC3 Adenylate cyclase 3 AC   
PPU10905-RA PpAC8 Adenylate cyclase 8 AC   
PPU11536-RA PpAC9 Adenylate cyclase 9 AC   
PPU06056-RA PpCyr1 Adenylate cyclase 2 AC   (Tong et al., 2007) 
PPU02268-RA Ppp53-1 Cellular tumor antigen p53 isoform X1 p53 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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PPU08093-RA PpATF4 Cyclic AMP-dependent transcription factor ATF-4 CREB   
PPU03775-RA PpADIPOR Adiponectin receptor ADIPOR   
PPU04412-RA PpEHMT  Euchromatic histone-lysine N-methyltransferase EHMT   
PPU09133-RA PpPGC-1 Peroxisome proliferator-activated receptor gamma coactivator-

related protein 1 
PGC-1 Pro  (Rera et al., 2011) 

Autophagy 
PPU05400-RA PpULK Serine/threonine-protein kinase ULK2 ULK Pro  (Ulgherait et al., 2014) 
PPU05135-RA PpATG2 Autophagy-related protein 2 ATG2 Pro  (Simonsen et al., 2008) 
PPU04374-RA PpATG3 Ubiquitin-like-conjugating enzyme ATG3 ATG3 Pro  (Tóth et al., 2008) 
PPU14597-RA PpATG4 Cysteine protease ATG4 ATG4 Pro  (Hashimoto et al., 2009) 
PPU04431-RA PpATG5 Autophagy-related protein 5 ATG5 Pro  (Pyo et al., 2013) 
PPU12802-RA PpATG6 Beclin Beclin-1 Pro  (M'Angale and Staveley, 

2016) 
PPU02491-RA PpATG7 Ubiquitin-like modifier-activating enzyme ATG7 ATG7 Pro  (Juhász et al., 2007) 
PPU05508-RA PpATG8a GABA(A) receptor-associated protein GABARAP Pro  (Simonsen et al., 2007a) 
PPU07497-RA PpATG8b Microtubule-associated protein 1 light chain MAP1LC Pro 
PPU12140-RA PpATG9-1 Autophagy-related protein 9 ATG9 Pro  (Tóth et al., 2008) 
PPU05842-RA PpATG9-2 
PPU02365-RA PpATG9-3 
PPU12664-RA PpATG10 Ubiquitin-like-conjugating enzyme ATG10 ATG10L   (Matecic et al., 2010) 
PPU10539-RA PpATG12 Ubiquitin-like protein ATG12 ATG12 Pro  (Mai et al., 2012) 
PPU04252-RA PpATG13 Autophagy-related protein 13 ATG13   (Matecic et al., 2010) 
PPU05117-RA PpATG14L Beclin 1-associated autophagy-related key regulator ATG14L  
PPU10657-RA PpATG16L1 Autophagy-related protein 16-1 ATG16L1  
PPU06071-RA PpFIP200-1 RB1-inducible coiled-coil protein 1 FIP200   (Tang et al., 2008) 
PPU07715-RA PpFIP200-2 
PPU12583-RA PpATG18a Autophagy-related protein 18 ATG18   (Laschober et al., 2010) 
PPU07359-RA PpATG18b WD repeat domain phosphoinositide-interacting protein 3 ATG18   (Tóth et al., 2008) 



���
��
�������������������������������������������������������������������������������������������������� �����������
	�������

�	�

PPU12417-RA PpEPG5 Ectopic P-Granules Autophagy Protein 5 EPG5   
PPU15090-RA PpVps15 Phosphoinositide-3-kinase, regulatory subunit 4 Vps15   
PPU17080-RA PpVps34 Phosphatidylinositol 3-kinase Vps34   (Smith et al., 2008) 
PPU01680-RA PpATG101 Autophagy-related protein 101 ATG101 Pro  (Guo et al., 2019) 
Stress Resistance     
PPU04128-RA PpCRYAB-1 Protein lethal (2) essential for life HSPs   (Hsu et al., 2003) 
PPU04129-RA PpCRYAB-2 
PPU04130-RA PpCRYAB-3 
PPU04131-RA PpCRYAB-4 
PPU04132-RA PpCRYAB-5 
PPU04133-RA PpCRYAB-6 
PPU15439-RA PpCRYAB-7 
PPU10133-RA PpCRYAB-8 
PPU09172-RA PpHDAC1 Histone deacetylase 1/2 HDACs 

 
  (Rogina et al., 2002) 

PPU03371-RA PpHDAC3 Histone deacetylase 3   
PPU08145-RA PpHDAC4 Histone deacetylase 4/5   
PPU04851-RA PpHDAC6 Histone deacetylase 6   
PPU12453-RA PpHSP110 Heat shock 70 kDa protein 4L HSPs 

 
  

PPU05744-RA PpHSPA1s-1 Heat shock 70 kDa protein cognate 4 
 

  
PPU03831-RA PpHSPA1s-5 
PPU09869-RA PpHSPA1s-2 Heat shock protein 68   (Biteau et al., 2010) 
PPU09871-RA PpHSPA1s-3 
PPU04479-RA PpHSPA1s-4 
PPU09930-RA PpHSPA5 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 PpHSP90-1 Heat shock protein 83 
PPU11712-RA PpHSP90-2 Heat shock protein 83 
PPU01735-RA PpHSPAb Major heat shock 70 kDa protein Ab 
PPU12454-RA PpClpB Caseinolytic peptidase B protein homolog HSPs   
PPU13369-RA PpDnak Molecular chaperone  HSPs   
PPU04710-RA PpCAT Catalase CAT Pro  (Orr and Sohal, 1994) 
PPU13433-RA PpSOD1-1 Superoxide dismutase, Cu-Zn family SODs 

 
  (Orr and Sohal, 1994) 

PPU08377-RA PpSOD1-2 
PPU08376-RA PpSOD1-3 
PPU06431-RA PpSOD1-4 
PPU08194-RA PpSOD2 Superoxide dismutase, Fe-Mn family SODs  
PPU04683-RA PpHSF1 Heat shock transcription factor 1 HSF1 Pro  (Orr and Sohal, 1994) 
PPU04356-RA PpHSF4 Heat shock transcription factor, X-linked member 4 
PPU06557-RA PpHSBP1 Heat shock factor-binding protein 1 
PPU05088-RA PpGPX4-1 Phospholipid-hydroperoxide glutathione peroxidase GPX Anti  (Ran et al., 2007) 
PPU05089-RA PpGPX4-2 
PPU13728-RA PpSIRT1 NAD-dependent deacetylase sirtuin 1 SIRT1 Pro  (Rogina et al., 2002) 
PPU11183-RA PpSIRT2 NAD-dependent deacetylase sirtuin 2  Pro  (Hoffmann et al., 2013) 
PPU15351-RA PpSIRT4 NAD-dependent deacetylase sirtuin 4  Pro  (Wood et al., 2018) 
PPU05545-RA PpSIRT5 NAD-dependent deacetylase sirtuin 5    
PPU03042-RA PpSIRT6 Mono-ADP-ribosyltransferase sirtuin 6  Pro  (Kanfi et al., 2012) 
PPU00054-RA PpSIRT7 NAD-dependent deacetylase sirtuin 7  Pro  (Vakhrusheva et al., 2008) 
PPU03180-RA PpPrdx1 Peroxiredoxin 1 PRDX1 Pro  (Lee et al., 2009) 
PPU08165-RA Pppark E3 ubiquitin-protein ligase parkin  Pro  (Rana et al., 2013) 
PPU00508-RA Ppposh E3 ubiquitin-protein ligase SH3RF1  Pro  
PPU02280-RA PARP-1 Poly [ADP-ribose] polymerase  Pro  (Mangerich et al., 2010) 
PPU02277-RA PARP-2 Poly [ADP-ribose] polymerase  Pro 
PPU10964-RA PpMrp4-1 Multidrug resistance-associated protein 4  Pro  (Huang et al., 2014) 
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PPU12675-RA PpMrp4-2  
PPU03220-RA PpMrp4-3 
PPU10960-RA PpMrp4-4 
PPU03221-RA PpMrp4-5 
PPU13858-RA PpMrp4-6 
PPU07198-RA PpPrx5 Peroxiredoxin-5, mitochondrial  Pro  (Radyuk et al., 2009) 
PPU01693-RA PpTrxT-1 Thioredoxin, mitochondrial  Pro  (Umeda-Kameyama et al., 

2007) PPU12709-RA PpTrxT-2 Thioredoxin, mitochondrial  Pro 
PPU12823-RA Ppfh Frataxin homolog, mitochondrial  Pro  (Runko et al., 2008) 
PPU04976-RA PpGclc Glutamate--cysteine ligase catalytic subunit  Pro  (Dalton et al., 2000) 
PPU05620-RA PpGclm Glutamate--cysteine ligase regulatory subunit  Pro  
PPU05100-RA Ppxdh-1 Xanthine dehydrogenase  Pro  (Simonsen et al., 2007b) 
PPU05101-RA Ppxdh-2 
PPU05102-RA Ppxdh-3 
PPU07069-RA Ppxdh-4 
PPU10855-RA Ppxdh-5 
PPU10858-RA Ppxdh-6 
PPU03981-RA Ppazot-1 Calmodulin 

 
 Pro  (Merino et al., 2015) 

PPU07061-RA Ppazot-2  Pro 
PPU03834-RA Ppazot-3  Pro 
PPU07176-RA PpPcmt-1 Protein-L-isoaspartate(D-aspartate) O-methyltransferase 

 
 Pro  (Chavous et al., 2001) 

PPU13926-RA PpPcmt-2  Pro 
PPU02599-RA PpPcmt-3  Pro 
PPU07179-RA PpPcmt-4  Pro 
PPU07178-RA PpPcmt-5  Pro 
PPU09994-RA PpSdhA-1 Succinate dehydrogenase [ubiquinone] flavoprotein subunit, 

mitochondrial 
 Anti  (McCormick et al., 2015) 

PPU09995-RA PpSdhA-2 
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PPU02206-RA PpSdhB-1 Succinate dehydrogenase [ubiquinone] iron-sulfur subunit, 
mitochondrial 

 Pro  (Walker et al., 2006) 
PPU08349-RA PpSdhB-2 
PPU07649-RA PpSdhC Succinate dehydrogenase cytochrome b560 subunit, 

mitochondrial 
 Pro  (Tsuda et al., 2007) 

Metabolism genes 
PPU00881-RA PpFAR-1 Fatty acyl-CoA reductase  Pro  (Paik et al., 2012) 
PPU03565-RA PpFAR-2 
PPU03566-RA PpFAR-3 
PPU03567-RA PpFAR-4 
PPU03568-RA PpFAR-5 
PPU03569-RA PpFAR-6 
PPU03649-RA PpFAR-7 
PPU03650-RA PpFAR-8 
PPU07683-RA PpFAR-9 
PPU15731-RA PpFAR-10 
PPU03661-RA PpFAR-11 
PPU03662-RA PpFAR-12 
PPU03663-RA PpFAR-13 
PPU07680-RA PpFAR-14 
PPU07681-RA PpFAR-15 
PPU07682-RA PpFAR-16 
PPU13211-RA PpFAR-17 
PPU13212-RA PpFAR-18 
PPU13213-RA PpFAR-19 
PPU16285-RA PpFAR-20 
PPU01346-RA PpNaam-1 Nicotinamidase  Pro  (Balan et al., 2008) 
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PPU05710-RA PpNaam-2 
PPU03769-RA PpMen-1 NADP-dependent malic enzyme  Pro 

Pro 
 (Kim et al., 2015) 

PPU08515-RA PpMen-2 
PPU07630-RA PpG6PD-1 Glucose-6-phosphate 1-dehydrogenase  Pro  (Nóbrega-Pereira et al., 

2016) PPU14818-RA PpG6PD-2 
PPU14833-RA PpG6PD-3 
PPU13254-RA Ppyata N-terminal kinase-like protein  Pro  (Sone et al., 2009) 
PPU16549-RA PpVhaSFD V-type proton ATPase subunit H  Pro  (Landis et al., 2003) 
PPU16710-RA Ppfwd Phosphatidylinositol 4-kinase beta  Pro 
PPU02531-RA Ppmagu SPARC-related modular calcium-binding protein 1  Pro  (Li and Tower, 2009) 
PPU10594-RA PpImpL2 Neural/ectodermal development factor IMP-L2  Pro  (Roed et al., 2018) 
PPU03672-RA PpinaE Sn1-specific diacylglycerol lipase alpha  Pro  (Lin et al., 2014) 
PPU10709-RA PpDci Enoyl-CoA delta isomerase 2, mitochondrial  Pro  (Lee et al., 2012) 
PPU03832-RA Ppfabp Fatty acid-binding protein, muscle  Pro  (Boord et al., 2004) 
PPU09234-RA PpJHAMT-1 Juvenile hormone acid methyl transferase    
PPU03176-RA PpJHAMT-2 Juvenile hormone acid methyl transferase    
PPU06147-RA PpJHEH-1 Juvenile hormone epoxide hydrolase    
PPU06149-RA PpJHEH-2 Juvenile hormone epoxide hydrolase    
PPU07489-RA PpJhebp29 m-AAA protease-interacting protein 1, mitochondrial  Pro/Anti  
PPU04084-RA PpJhI-21-1 Large neutral amino acids transporter small subunit 1  Anti  
PPU05966-RA PpJhI-21-2 
PPU03934-RA Pptrh Protein trachealess  Anti  
PPU04342-RA PpEcR Ecdysone receptor  Anti  (Tricoire et al., 2009) 
PPU14600-RA PpUSP Ultraspiracle    
PPU12867-RA PpCbs Cystathionine beta-synthase  Pro  (Shaposhnikov et al., 2018) 
PPU03142-RA PpMnt Max-binding protein MNT  Pro  (Loo et al., 2005) 
PPU16588-RA PpAPOD-1 Apolipoprotein D  Pro  (Ruiz et al., 2011) 



���
��
�������������������������������������������������������������������������������������������������� �����������
	�������

���

PPU16589-RA PpAPOD-2 
/�Anti-longevity influence ?6GE�LK
B��?DI���!J�#B��?DI�����<4����� Pro-longevity influence�.+-

Anti-# Pro-1?6�+158�*$HB�����C'3��	.+2&1�LA%�#>�L:,+�@�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-seqýìŤȜǓ 

ÏV RNA-seqľ½ýì¼ǍŽC��ǄǨȃ�ŝ FPKM>ǄŲ�z�ŝ qPCR

ǭǃ� RNA-seqýìŤtȕÒȜǓ�­ qPCRŤƍę� RNA-seqýìŤ FPKM

>ǭǃ�ũDÒOĘ�ũDÒş spearman’sũDƂýǍŽŤ R>ǄŲ�� 2.4��

OĘnŘ�Č����ŤũDÒĖÆ�R>0.80��OUć PpAkt�R=0.89��

PpCRYAB-4�R=0.94��ƝE( 4���Q��żũD�R>Ư�� 0.60	0.79)�

�
!nƟȊİ�qPCRýì� FPKM>�ȈČĆĈŤ¶Ã�Ǭ!¶ÃŤĔňt

Ƣć RNA-seq� qPCR�ȈŤàĐ¶U�*kŝ� RNA-seq� qPCRŤ�yğ

�ŤßĨû¾�ǬŴ¶Ã�ǤÉķºŤOĘ�Í¹Ǌ�r��RNA-seqýìĉƈ

� qPCRŨā�Ťqaǡ_cOũ1�Ǭ!ƍęǄĆ�ďŮŷŤ RNA-seq� qPCR

ýìǺćtȕŤ� 

 
� 2.4ÜǱ��ŤǤÉǚ� qPCRƍęũDÒOĘ 

Figure 2.4 Transcript profile and qPCR results of selected genes in RNA-seq 
Data. 

m�FPKM �z��K��}���]v)�}-({|6�¥l:��� spearman ~|
��O�y R��} qPCR$ RNA-seq�\�²{|�F�E����L�;��FP�´F
��MP�³F��FA�´FH��MA�³FH��FPKM values are indicated by red lines. 
Green bars represent relative expression levels. R value represents the correlations between the 
qPCR 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. 
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2.3 Ŏ¾Ō­«Ŝƾ¯����ǄǨŤË� 

�¾Ōē,
�ƊƠǩŶpê�̄ �ƖŬ�¾ŌƼţÍtƢǆŌļ�Moskalev 

et al.�2014��ǁƽȄ±ƾÚƹ� 35�Ťȝņē,
¯�ũĲ 25�ē,
Ė�

ĈƵ�ƖŬ�� 2.5���ī�ǱoȑÒÚƹǭǃĪ¹�Ŏ¾Ō�Ś
Ť��Ǆ

ǨOĘ� 

 
� 2.5 25℃� 35℃ē,
ŤǁƽȄ±ƾȑÚƹ¯� 
Figure2.5 Lifespans of P. puparum at 25°C and 35°C. 

 
�ÜǱŤ 9 �����3 � HSP ŤǄǨķº�Ŏ¾Ō
ĈƵ�]�­E(

ŜőŤŮŷǄĆ�yğŤƍę�� 2.6 A-C��ŒUć PpCRYAB-4��­ŐƉũ

Ĳ�EǄǨȃ�]� 10	20=�ǬǄĆ�PpCRYABtƢ��¾Ŏ¾ŌŤǩŶ�

Ǟ6ŝ� 
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� 2.6 25℃� 35℃
ÜǱ��ŤǄǨĦÄ 

Figure 2.6 Expression patterns of selected genes under 25℃ and 35℃ 
conditions. 

��O����®/{:+�±^� 9�}�*�� p<0.05�**�� p<0.01, ***�� 
p<0.001 �� ****�� 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. 

 

ŏƝ�PpSOD1-1�PpSOD2�PpFOXO�PpAop�PpNF-κB� PpSIRT1ŤǄ

Ǩȃ� 35℃ĄĆĈ4� 25℃�ş� 2.6 D-H� yǦŤX¿tū��� 2.6 Cũ

Ĳ�5���ŤǄǨ¶Ãũ­ǧ±�PpSIRT1ŤǄǨȃ� 35℃ĄĈƵȌ4�� 2.6 

I��ǖ���Ż 10�ŤǄǨķºM�sČ­ŐƉŤ 10%�ìãǷ�SIRT1ǵǩ

FOXO żǤÉ�¡&® IIS (Giannakou and Partridge, 2004)�ş� PpFOXO �

PpSIRT1 �Ŏ¾Ōē,
ŤǄǨĦÄũ1�tƢǗĆ PpFOXO � PpSIRT1 �Ŏ

¾Ōm¾�ǞŪ
¦Ť6ŝ�¤+*ĚŴāÄũ�6ŝ� 
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3 �� 

�ďź��ĠìċǪľ½ƉǈŤ��Ɖ�ǤÉƉýì�*kęǀżŜő�¸

ȅ¦NŤ¯�ǘðũDŤ���ǵǩ½PyňÒĲ­�'ǁƽȄ±ƾ�ȘľN�

229 �¯�ũD���Șľ�Ǭ!��Ť;¥ƍė�¼OĘ�¤+ŤǄǨĦÄ�

Ķ�Ǿ½PíP�ƍė�OĘǄĆ���ý���ƨ²�Ʀƚŧ�ȟƚŧ�eƚ

ŧ�lƚŧ�ȗƚŧŤǹOąƹ�ć;¥Ť�Ǭ!��� IIS-PI3K/Akt ǴÌ�

TORǴÌ�MAPK/ERKǴÌ� AMPKǴÌż��<vǵǣ�Ƨ��¾Ōm¾�

)Ǚż��ŜŚǩŶ�né6ŝ�ǄǨǚŤýìĈŲ�j�¾Ōm¾Ť����

ŴÒU��yȊİŤǄǨȃ�ȝ�E(¯�ǘðǵǣ�Ť���ȏz�SĬîƄ

�Ŏ¾Ōm¾�¯�ũD��ŤqaÖJ�ƍęǄĆ 3�ŎŌƼţ��ŤǄǨȃ

ĆĈdȝ�j�ĵa¾ŌǩŶŤ PpSOD1-1�PpSOD2 � PpSIRT1�*k¯�ǘ

ðǵǣ�ŤDȆǤÉ�¡ PpFOXO�PpAop � PpNF-κB ŤǄǨȃĈƵȌ4�Ǭ

!��ŤĻȀ��

Ĭ¯�ũD���wƧǣÌ�Ť\ƢŮŷ�*k¯�Ë�

�¡kEǘðđŚŮŷ�¦�Í�Ťýì<Ô�ů�
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��ý«ŜƾŤÚƹoșƁſ6�ƢȃĔň (Jervis et al., 1993)�¼­�y

ŤƁňǄŘN�yŤ¯��ƅį[�Ɓſ­«ŜƾÚƹ¯��ƅį[ŤË�¸ǆ

¨ȜǓ¨ (Heimpel et al., 1997)��ī�ǰ§ŤƁňǻƗ­Àȇ«Ŝƾ¯�Ûò

ȝ«Ŝƾƅį[ƨDȂǉ�­ǘƬŞȈ«ŜƾŴƘ^Ñ¼néĊ�ŤðªûęČ

ŪȂǉØ�� 

«ŜƾÚƹŤƴGĔň�ǉ`æ�ŴÊÄ�oș«��ƭƿżĥőƴG�ą

ƹíĹŤƿȓ (Harvey et al., 2012)�ǐ�ƭƿ�ƿȓŤ�ǉÚO`æƷƁkE·

ƁÚO�gƶƳƁ�ęƁ (Rodríguez-Riaño et al., 2014; Stahl et al., 2012)��¨Ȝ

©��ƷƁ¹ǆŝ�«ŜƾŤȚG�yĄƾƿ�ć¨Ȝ©«ŜƾƘ5Ťr
Ŵ¹

ǊŤŁ5șő�ƾƿć
Ŵ�xƴGÚOŤłxő�¤|Čǟǩ 181Ŵőǝ�`

æ 95��w/w�ŤƁ��Ɔ 0.5��w/w�ŤƼţǝ�ŭőǝ�ŇųĶ�Ǿ�ǽ�

ƒŜƃ (Alvarez-Suarez et al., 2010)��yŤƴGőǝ­«ŜƾŤË�ć�yŤ�

ăČĪȖŤ��ČǛȖŤ (Wäckers, 2001)�ƲƀǁŦƌưƾ Cotesia glomerataŤ

¨ȜǄĆ�14Ŵ�ŏƁſ��ýƢÀȇE¯��²ýČE(ûę�F5ĔǗ�ŝ

ƷƁ�ƶƳƁ�ęƁŉŁȚGŤ«Ŝƾ�%ŝķȚGŤ­ŐƉũĲ�̄ ��]�

15=�ŏƝ��Ɓ�Ĥ¡Ɓ¼ĸČ�]«ŜƾŤ¯��ƝȡĒƁ¨ȋ�Ȍ4�«

ŜƾŤ¢ļŖ (Wäckers, 2001)�ČŮŷǄĆ�Ɓſ­«Ŝƾ¯�ŤČť6ŝ�E

Ŀ¿ČD��yĿ¿ŤƁň­«ŜƾŤ¯��ƅį[Č�yŶ¿ŤË��Ț��

yŴſ�Ŀ¿ŤƁŉŁ/Ë�ǂƻŦƌưƾ Cotesia ruficrusŤ¯�����ķŤ

Ÿţ­ŐƉũĲ�Ț�ƾƿ�ƷƁ�ƶƁƁ�ęƁŉŁ�ńķŤȑƾ¯��ČÀ

ȇ��E¯�ŤÀȇ:ĨǳL�ÈOU�ș 15%�10%�20%� 5%ŤƾƿŉŁ

Ą�ȑƾŤ¯�ÀȇĄȈ:Ĩ�] (Ē±üż, 2018)�yğ�ƾƿ�ƶƳƁ�Ʒ

Ɓ�ƢĈƵÀȇƊōÝƞ±ƾ Elasmus punctulatusŤ¯� (� �ż, 2013)��

20%ŤƾƿŉŁûęċ��ŝƷƁ�ƶƳƁ�ęƁżȃłxŤłxƁŉŁ� 0-70% 

(w/v)ŤƂPĿ¿
Ț�ÿŢÕưƾ Meteorus pulchricornis�«ŜƾŤ¯�¼ĸČ

ȏŪƁĿ¿Ť�]Ɲùq�2�ĸČ«�ŤÖJ
�30%łxƁŉŁ�GŤ«Ŝ

ƾ¯�Ċȇ (Wu et al., 2008)�şītǊ�oșƁſt*Ë�ąƹŤ¯�� 
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şŻ
źþŕƔǮtū�oșË�Ŝő¯�ŤO¡đW`æ��;¥ŤƴG

Ùpǵǣ�IIS� TOR�ǵǩ­ơ³ƃp5ÛE(ũD��ǭǃǸ0£ö6áW

IISǴÌ�t*Àȇ±ȡ�ȠƤęǀŤ¯� (Kenyon, 2010)�
ǘ TORǴÌ�t

*8¨Ȝ©^őŤ¯�Àȇ (Antikainen et al., 2017)�űǾǽ�ƣȗƼţyňő

�PTEN�çâ AKT����ƝtƢć IISǴÌŤ
�Ǜ{ǘð�¡ (Goberdhan 

et al., 1999)�FOXOć
Ŵp AKTǘðŤǤÉ�¡�j�¾Ōm¾�ǅƛ�ƊƠ

Ŝȇ��įż�ŴƊƠǩŶ�¼��Ŵ<vǴÌ�néDȆ6ŝ (Nowak et al., 

2018)�TSC1 � TSC2 ǵǩáW TOR ŌǽŤ�ŇŌļY Rheb Ĕçâ TOR ǵǣ 

(Long et al., 2005)�yĄ�(+ǫt*6� IISǴÌŤǛ{ǘƬ� (Gao and Pan, 

2001)�ī��E(ƊƠǩŶŤ���ǟĵaőĭaǽ�SOD��ǩĵaĴǽ�CAT��

Ŏ.AƼţ�HSPs��ƉƼţi�Ǽaǽ�HDAC1��ęǀ Rpd3yň��ƥƮ

ŗaǽ�ADCY��j��Ŝő¯�Ťǘð (Beere et al., 2000; Parker et al., 2004; 

Rogina et al., 2002)� 

ƺŏ¸ƋČ
!ƴGőǝ­«ŜƾŜŚnƟ�¯��#hȃŤƜĜŮŷ�2

ũDŤđŚôŲÍ²�ďŮŷľǕ�ƾƿ�ƷƁǬ�Ŵ¹ŝƁň­ǁƽȄ±ƾȑ

ÒÚƹŜ¢ŤË��¼ǎǑ�ċČT«Ŝƾȇ¯ŤƁňĿ¿�ȏz��ǁƽȄ±

ƾȝǝȃŤěƫ5ķº��ƉƉǈ (Ye et al., 2020)���ĻȀŤ�ů� (Xiong 

et al., 2020)�OĘ�j�ƴGÙpǴÌŤǹO¯�ũD��ŤǄǨĦÄkEqa

ķº�«Ŝƾ¯�ŤũDÒ�Ǭ!nŘôŲ�«Ŝƾ¯�ǘðũD��Ť6ŝ�

�Ůŷ«ŜƾŤ¯�ǘð�ǅƛđWò9�
�ĀŤ´F�yĄ���òȝ$´

ƅį«ŜƾŤƘ5¯�ò9�ýì÷è�*ĊČûnéEŜ#¾ŝŋ[� 

1 ����� 

1.1 9Ǖąƹ 

ǁƽȄ±ƾŤȚGǊŻ�ź 1.1� 

1.2 ¯�¨Ȝ 

ǁƽȄ±ƾȑƾƙazŹgøȐVęǀž��ǿŝùƪŤĳƊž�șĺ

�CAFE� (Ja et al., 2007)�ǵǩó�ŀƓ��ŤřśŠĖ�1B100F-3; WPI, 

Sarasota, Florida�ǳǯșő�ȏđ° 10�ȑƾOÚ
Ɖ�úBęǀž��ı�ę

ǀžČ�ĠřśŠĖ� 
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ǒƗ� 6 ŴĿ¿Ģ¿ŤƷƁŉŁ� 4 ŴĿ¿Ģ¿ŤƾƿŉŁȚ�ǁƽȄ±

ƾȑÚƹ�¼Ɯ¬Į"ŖŨƨÜČǕƹĮ"�ƷƁŉŁŤĿ¿' 1.25%V 40% 

(w/v)�° 40 gƷƁŉ� 100 mlių¡ķ�WÚ 40%ŤƷƁŉŁ�ŏzŝių¡

ķ 1 : 2ŵȀ�:ĨW� 20%�10 %�5%�2.5%� 1.25%ŤƷƁŉŁ�ŝyğŤ

Ģ¿ŵȀĺ�OUW� 5��10��20�� 40� (w/v)Ť 4Ŵ�yĿ¿Ťƾƿŉ

Ł�2ŴƁŉŁ�*ių¡ķ6�Ÿţ­Ő�ı 24 hǏÉ
Ĩ«ŜƾŤ¢ļŖ�

șőõoȃ�yĄŃ]ĀȞŤŁ5șő� 

1.3 ¯�ũD��Ť RT-qPCROĘ 

�ǭǃ¯�¨ȜŤyĄ­«Ŝƾǭǃǿğ�¼ģľ��ǄǨķºŤqa�Ü

Čŝ� qPCRŤğ�ǺĔƧy
ßŝ�¯�¨ȜŤ«Ŝƾ�ǒƗ 5�ǿğō�O

U�ƙaz 12 hH�¦�� 0 d��2 d�6 d�12 d� 18 d�ı�ǿğōǿȐ 5�

ğď�ı�ğď`| 5�ȑƾ�Ǳåŝ 2.5%�10%� 40%ƷƁŉŁ*k 5%� 10%

ƾƿŉŁ�GŤ«Ŝƾǭǃ��ǄǨŮŷ�ŝ qPCRģľ 15���ŤǄǨķº

qa�ÜǱ¯�ũD��ǊǄ 3.1�ğ�Ó RNAŤòo�cDNAŤmǤÉxÚ�

F5Ť qPCRĽŶyŻ�ź 1.4�ďźÜŝŤÅő½PǊǄ 3.2� 

 

Ǆ 3.1 Ǳ¦Ť�¯�ũDŤ��PǄ 
Table 3.1 List of the selected lifespan-related genes which were tested with qPCR 
-(!� KEGG©¢m­ 6=) 3.4


{�� 
67#{D% 

PpHSP110 Longevity regulating pathway HSP Pro 

PpHDAC1 Longevity regulating pathway Rpd3 Anti 

PpFOXO IIS pathway; 
Longevity regulating pathway 

FOXO Pro 

PpADCY3 Longevity regulating pathway ADCY Anti 

PpCYR1 Longevity regulating pathway ADCY Anti 

PpPTEN IIS pathway; 
Longevity regulating pathway 

PTEN Pro 

PpAKT IIS pathway; 
Longevity regulating pathway 

Akt Anti 

PpTSC1 mTOR pathway; 
Longevity regulating pathway 

TSC1 Pro 

PpTSC2-1 mTOR pathway; 
Longevity regulating pathway 

TSC2 Pro 

PpTSC2-2 mTOR pathway; 
Longevity regulating pathway 

TSC2 Pro 

PpTSC2-3 mTOR pathway; 
Longevity regulating pathway 

TSC2 Pro 

PpSOD1-1 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 

m�j�-(��{¨E�GZ� KEGG�j�-({N4±7D%Z�����-(�¡
q�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). 

 
 
 

� 3.2 ������ 
Table 3.2 Primers used in this chapter 

Au!� a�«<� (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 
PpCYR1_F CCTACATGGCAGCTTGTGGA 
PpCYR1_R ACATCATCTCGGCTGCGAAT 
PpPTEN _F GACCCACCAGCAACCGATTA 
PpPTEN_R CCTGCTGTGGTCTAAGAGCC 
PpAKT_F GAGGGCTGGCTTTTCAAACG 
PpAKT_R GCTGCCATTTGTTGATCGGG 
PpTSC1_F ATGACGTCGTTGCAGAGTGT 
PpTSC1_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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ı���ƨ²ǒǍ� 2 ­ŒÃÅőŝ�ŒÃ�ģľ¯�ũD��ŤǄǨȃ

qa�8ŝ ChamQTM SYBR qPCRMaster Mix�Without ROX��Vazyme Biotech 

Co., Ltd�ǕYǭǃ qPCRm¾�* 10 ng cDNA�Ħĕ�25 µlm¾5Ƃǭǃ qPCR�

ı�ğ�ǒƗ��ŔŹŤŜőȂ�ǭǃOĘ�ț@�ȜǓ�ı­ÅőŤŒÃÒ�

�ı� qPCR m¾zȖ`æ
ē 60–95 °C Ťǌųĉƈ���Ű¦ÅőŤûŖ�

* cDNA Ť 10 V 100,000 ŵȀŤĢ¿ŵȀŁ6�Ħĕǭǃ qPCR�¼ǍŽEû

Ŗ>�ĠìŒÃÒ�ûŖȜǓŤƍę�ǱåxǰŤÅőǭǃ��ǄǨǚŤľ¦�

°�y»ȢƉ mRNAŤǄǨķº�E 2 dŤ­ŐƉǭǃĲǧ�wĿ¿
Ť 2 d­

ŐƉ� 0 dŤ­ŐƉǭǃĲǧ�* 18sr RNA6�Hj���ŏz8ŝ 2-ΔΔCtĺǍ

Žũ­ mRNAǄǨķº (Livak and Schmittgen, 2001)�ýì8ŝ GraphPad Prism6 

for Mac�https://www.graphpad.com�ǭǃƎ�� 

1.4 ƏǍOĘkĦ�ėÁ 

ŝ 7ŴĿ¿ŤƷƁŉŁ�0%, 1.25%, 2.5%, 5%, 10%, 20% � 40%�� 5Ŵ

Ŀ¿ŤƾƿŉŁ�0%, 5%, 10%, 20% � 40%�Ț�«ŜƾŤ¯�ýì�ǿŝO

3ý-O3ý�Q-Q��ǭǃĪÑÒģȜ�ǿŝ Levene’s ģȜǭǃā¶ŤyǝÒ

ģȜ�ýìOĘǩŶ8ŝŤǥ,� IBM SPSS Statistics for Mac�Version 25.0; 

https://www.ibm.com/products/spss-statistics���yĿ¿ŤƁŉŁ­«Ŝƾ¯�Ť

Ë�ǵǩwƉ«ŜƾŤº�¯�¶ÃĔǔ-�ǿŝf�ƃā¶OĘ�ANOVA�

� Dunnett’s�ȂĲǧǭǃģȜ�Ŝ¢OĘǿŝ Log-rank�Mantel-Cox�ģȜ�«

Ŝƾ¯�¨ȜŤŜ¢ĉƈ�ĝœ�8ŝǥ, GraphPad Prism 6 for macƎW�Ɓ

Ŀ¿�«Ŝƾ¯�ŤDƂǵǩƈÒ�ÇOĘŰ¦�ÜČ qPCRýì�ǿŝýì�

ŚƂƏ�DPS�ǭǃOĘ (Tang and Zhang, 2013)�¯�ũD��ŤǄǨķºýì

ǿŝl�ƃā¶OĘ� Tukey’s�ȂĲǧģȜǭǃOĘ�* p<0.05�¶ÃĈƵ�

ǿŝƈÒ�ÇOĘŮŷ��Ťũ­ǄǨķº�«Ŝƾ¯�ŤDƂ�ȏz�8ŝ

IBM SPSS Statistics for Mac ǿŝǲĬ�Çĺ*ǄǨȃnŜĈƵqaŤ����

qȃėÁ¯�ȘľĦ�� 
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2.1 ƷƁ­ǁƽȄ±ƾ¯�ŤË� 

ƷƁŉŁŤĿ¿­ǁƽȄ±ƾȑƾŤ¯�ČȔ¹ĈƵŤË��� 3.1�Ǆ 3.3��

�ķ�G­ŐƉŤ¯�ũĲ��ÜČŤƁĿ¿
«ŜƾŤ¯�Ǻ�]���

3.1A��E�≥2.5%ŤƷƁĿ¿
�ƾŤ¯�ĈƵÀȇ� 3=*��>º� 3.4 d�

p<0.05�� 3.1B���Ũā��� 3.1B�ĈŲN
�ĆĈŤǡ_�gȏŪƷƁĿ

¿Ť�]�«ŜƾŤ¯�qȇ�­º�¯���3¯��ċ�¯�ŤƏǍ�ĈŲ

�yğŤǡ_�Ǆ 3.3��ŏƝ��ƷƁĿ¿òȝV 20%*z�≥20%ŤƁĿ¿�

ȈĸČnŘĈƵ¶Ã�Ț� 40%ƷƁŤ«Ŝƾº�¯�ċȇ�� 27.9 d�ċ�¯

�t*ǨV 50 d� 

 

� 3.1 ŝ�yĿ¿Ťƾƿ�ƷƁŉŁ�GŤǁƽȄ±ƾŤ¯� 
Figure 3.1 Lifespans of P. puparum fed with various concentrations of honey and 

sucrose solution. 
$�(A) 6-�
&�*3.�/"�'*)�(�0
�(B)74:�5*��������
���± �9(n=30)8,��
*�!��	8,�%(*���(C) 4-�
&�*56�
/"�'1*�)5���(D) ������± �98,����;�
*�!8,�%(*
���+
*�!8,#��2��*���(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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Ǆ 3.3 �Ŵ�yĿ¿ƁſƴG­ǁƽȄ±ƾȑÒÚƹ¯�ŤË� 
Table 3.3 Effects of two carbohydrate nutrients with different concentrations on 

the lifespan of P. puparum female adults 
�q o> (%) :+7#

(±SEM, 2) 
LT50 7#?± 

(%) 

�7#

(2) 
W17#

(2) 
�l6t 0 3.4±0.1e 3.0 base 3 6 

��rp 1.25 5.1±0.2e 4.7 49.8 6 7 

 2.5 13.4±0.9d 13.2 290.1 13 36 

 5 18.5±1.5c 17.0 439.3 19 39 

 10 20.2±2.4bc 19.1 489.9 18 46 

 20 25.0±2.3ab 23.2 628.4 26.5 48 

 40 27.9±2.5a 28.1 714.4 33 50 

�l6t 0 3.3±0.1c 2.9 base 3 6 

��rp 5 14.5±2.1b 12.9 342.8 13 40 

 10 25.8±3.2ab 24.9 686.3 25 102 

 20 27.4±3.4a 24.9 735.1 28 74 

 40 34.6±4.1a 32.5 955.7 29 94 

5��3	A9�3	8%�����?��2�O>�<��4/,F"'�Tukey's�p<0.05��#�!
�+�D>#�!��LT50+( 50%>7JG1�>*N�
�!�+-C� 50%�6;?
>$P�.
�!�+(KD
!�.M>�=G>!��!�&M�%�=��<#�!�- :#�!��/ :#�
!�*100� E�DLH���B)"�0����2I@�6;>"'� 
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. 

 

��ǌȀ«Ŝƾ¢ļŖ�ƷƁĿ¿ŤũDDƂ�ǭǃ�ũD��ÇOĘ�Ƨ

qȃ!)ǄƷƁŤĿ¿��qȃ"�«ŜƾŤº�¯��Ġì¨ȜƍęñľĿ¿�
¯�ŤDƂćȔƈÒŤ�ǍŽǩŶ�°"ëŽÚ! "⁄ �� 3.2��āŶ�" =
! (0.1125 + 0.0335!)⁄ 	, F=296.167; R2=0.98; p<0.0001; 0≤	!≤40%�ĈŲ�ȝĿ¿

ƷƁ�¯�Àȇ�ȈČÍÆŤĪũDÒ�r��Ǭ�āŶt*Șľ¯��ȇǶ¿

�Ŀ¿ 40%*z/úƕ¼ǨV
�ȉ>�ǬtƢǄĆ��ęƐƑ�]ƷƁŉŁŤ

Ŀ¿�ȏ�ƝĔŤ¯�Ť�]/�
¦Ŷ¿�?ĩ�ƍęǄĆ�ȏŪƷƁĿ¿Ť

�]�ǁƽȄ±ƾȑƾŤ�3ý�ċ�¯�ǲŅÀȇ�ƏǍƍęǄĆ�­ǁƽȄ

±ƾȑƾ¯�ċČTŤƷƁŉŁĿ¿� 20%µu�Èŝ 2.5%�10%� 40%ŤƷ

ƁŉŁ�G«ŜƾĄ����Ȉ�¢�ĈƵ¶Ã� 
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� 3.2 ŝ�yĿ¿Ťƾƿ�ƷƁŉŁ�GǁƽȄ±ƾŤ¯�Ħ�Șľ 

Figure 3.2 Model predictions of P. puparum lifespan fed with honey and sucrose 
solution at different concentrations. 

m�x£����I��{o>�y£����°8�´FH�{:+7#�	ªf�V�
�}��°8�7#���o>�²{'Be,�[�
ª��V��}��°8�7#

���o>�²{'Be,�[�A �}C��o>� 5%R���°8�{µn7#�B
�}C��o>� 50%R���°8�{µn7#� 
The !-axis represented concentrations of sucrose or honey. The "-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 ƾƿ­ǁƽȄ±ƾ¯�ŤË� 

Ț�ƾƿŉŁƢĈƵÀȇǁƽȄ±ƾȑƾŤ¯��� 3.1�Ǆ 3.3���ķ�

G­ŐƉŤ¯�ũĲ��ÜČŤƁĿ¿
«ŜƾŤ¯�Ǻ�]� 4=*��>º

� 3.3d�p<0.05�� 3.1D���� 0V 10%ŤƾƿĿ¿bȈȁ�ȏŪƾƿĿ¿Ť

�]�«ŜƾŤ¯�qȇ�Ɲ≥20%ŤƾƿĿ¿�Ȉ�«Ŝƾ¯�ĸČĈƵ¶Ã

�Ǆ 3.3��Ŝ¢ĉƈĈŲ�10%� 20%ƾƿĿ¿Ťĉƈ�ZčM�Ȃx�2 10%

ƾƿĿ¿Ťƾċ�¯�Ċȇ�ǨV� 102��� 3.1C����Zſ1��ÁŹ�


��ÇāŶ�" = ! (0.1203 + 0.0278!⁄ ), F=72.996, R2=0.96, p<0.01; 0≤	!≤40%�

ĔǌȀƾƿĿ¿�!��«ŜƾŤº�¯��"�Ǥë�! "⁄ ��ǖāŶ�ƷƁƉ
�ÇāŶŤǡ_ũy�� 3.2��Ɣ�ÜǮ�ŝƾƿŉŁ�GǁƽȄ±ƾȑƾ�
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��Àȇ�¤+Ť¯��ƾƿŉŁŤċ7Ŀ¿¾� 10%�ƺŏȏŪĿ¿Ť�]�

º�¯�ƐƑ�ȇ�2≥10%Ťƾƿ�Ś�ȈĸČĆĈ¶Ã� 

ƾƿ�ŚŤķ­ŐƉŤ«Ŝƾº�¯� 3.3 d��ƷƁ�ŚŤķ­ŐƉŤ«

Ŝƾº�¯��º� 3.4 d�cOïǪ�ǗĆßĨû¾Í±t*Ðš�Ǎ�8ÏĲ

ǧ�Ŵ�yƴGőǝŤ¨ȜƍęÚ�tƢ�ț@ƜƸº�¯���ċ7Ŀ¿
º

�¯�Ȕ¹ïǪ�ƷƁ�GŤƾ� 25.0 d�ƾƿ�GŤƾ� 25.8 d�EĨ��ċ

�¯�āȖ�Ț�ƷƁtǨVŤ¯��ȍƆ� 50 d�ƝȚ�ƾƿŤ¯�Ɔ�E�

=�IĨ��ŴƴGőǝŤċ7Ŀ¿�y�ƷƁ� 20%�Ɲƾƿ� 10%ǄŘċ

7��īǉ×ƱÏyğŤÀ¯û¾�ȒǉŤƾƿȃĊ²�ī���ę° 20%ƷƁ

� 10%ƾƿŤ¢ļĉƈǭǃäx�t*nŘ¤+�Z 43 d M�ćȂxŤ�43 d

�zÂ OǇ�� 3.3��ċz�°�ŴƁňŤ�ÇāŶĉƈǭǃ­Ĳt*nŘ�

ƺŏ���ŚŤāŶČũ1Ťǡ_�2�qȃŤ�ȍć�yŤ�ǬǗĆ�Gƾƿ

Ƣǧ�ȍ¿�Àȇ«ŜƾŤ¯�� 

 

 
� 3.3 Ț� 20%ƷƁ� 10%ƾƿŤǁƽȄ±ƾ¯� 

Figure 3.3 Lifespans of P. puparum fed on 20% sucrose and 10% honey. 
m­�6O~d¶�SQU�9@�p=0.9051��Log-rank test indicates no significant difference 
(p=0.9051). 
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2.3 ƷƁĿ¿­¯�ũD��ŤË� 

ǭa;¥Ť IIS� TORǴÌŤŲØ�Ǌ� 3.4�ǱåŤ¯�ũD��ŝħƫ

ġĞǏ�Ǭ!���Ż�ź�ĻȀ�¯�ũD���Ǆ 3.1� (Xiong et al., 2020)�

*RRƙaŤ«ŜƾŤ��ũ­ǄǨȃ6�­Ő�gŻ 0 dũ­ǄǨȃ� 1�Ǎ

Ž�Ż 2 d�Ż 6 d�Ż 12 d�Ż 18 d��Ťũ­ǄǨȃ�� 3.5�� 

 
� 3.4 ǭa�;¥ŤĦÄŜőŤ IIS� TORǵǣŲØ� 

Figure 3.4 Evolutionary conservation of IIS and TOR pathways on model 
organisms. 

m�j�-(*©¢	{��bM KEGG�https://www.kegg.jp/kegg/�y�3I�i�}�
f�c�}�-(T§L{-(�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. 

 

ÜǱ¯�ũD��Ťũ­ǄǨķº��yŜ�ȊİŤ�yƷƁĿ¿ȈČĈ

Ƶ¶Ã�� 3.5��E� 7���� 4�ĄčǺ�Ʃ~ŘNƷƁĿ¿Ǡȝ��Ǆ

ǨȃǠȝŤǋÎ�¤+ć PpPTEN, PpFOXO, PpTSC2-1, PpTSC2-3, PpSOD1-1, 

PpSOD1-2 and PpSOD1-3�� 3a-g��Ǭ!��ŤǄǨȃ�>2.5%ŤĿ¿
� 2.5%

ŤƷƁĿ¿ƉũĲǄŘN�Ė�ĈƵŤ¶Ã�� PpFOXO �ȝĿ¿ƷƁ�Ś

�10%, 40%��Ťũ­ǄǨȃĲ 2.5%ƷƁƉ�]� 30=*��� 3.5C��5�

���Ě!ĄčƷƁĿ¿ǠȝǄǨȃǠȝ��E(ĄčǄǨȃĂ¶Ã�¤+ć

PpSOD2, PpAKT, PpHSP110, PpTSC1 and PpTSC2-2�� 3.5 H-I��Ǳå� 2�
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ADCY�� PpADCY3 � PpCYR1ǭǃOĘ�PpADCY3� 6 d�12 d�18 d��

ĄčĈƵ�~ŘNƷƁĿ¿Ǡȝ���ǄǨȃǠ4Ťƍę�� 3.5 M��PpHDAC1 

� PpCYR1ŤǄǨȃqa1�ĸČĆĈŤǋÎ�� 3.5 N, O�� 

 

 
� 3.5 ƷƁ­ÜǱ¯�ũD��ũ­ǄǨķºŤË� 

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

m­���6§4{7#|�-({|6�¥l:{D%�x£��&�¬`R²s�y£
��§4{7#|�-({|6�¥l:�REL��0 dR¬`{5x�{|6-(�¥¯
��� 1.*j�R²s�¦� Tukey{0®k¤d¶�OM�:+�±^� 9�}���
|=6t|k�*�} p<0.05�**�} p<0.01�***�} p<0.001$****�} p<0.0001�Y)
U}� 4 �RXJ§7#|�-(*.w²{|6�¥l:�The !-axis represented four 
sampling time points. The "-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: PpSOD1-1; F: PpSOD1-2; G: PpSOD1-3; H: 
PpSOD2; I: PpAKT; J: PpHSP110; K: PpTSC1; L: PpTSC2-2; M: PpADCY3; N: PpCYR1; O: 
PpHDAC1. 
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ïŪ�ǭǃũDOĘ��ÇOĘ�îǎ�y�Ś�¯�ũD��ŤǄǨķº

�«Ŝƾº�¯��ȈŤDƂ�Ǆ 3.4��­�ș�yƷƁĿ¿
Ť«Ŝƾº�

¯��ÜľŜ�Ȋİ­��ǄǨķºŤË�ǭǃ�l�ƃā¶OĘ�ƍęnŘ

14 ���Ťũ­ǄǨķº�«Ŝƾº�¯�ĈƵũD�E� 9 ���Ťũ­Ǆ

Ǩķº�«Ŝƾº�¯�ŤDƂ~ƈÒDƂ�`æ PpFOXO, PpPTEN, PpTSC1, 

PpTSC2-1, PpTSC2-2, PpTSC2-3, PpSOD1-1, PpSOD1-2, PpSOD1-3�ȏz�ŝ 14

�«Ŝƾ¯�ĈƵũD��ŤǄǨķºǵǩǲĬ�ÇĺÁŹ¯�ȘľĦ��Ǆ

3.5��ÜČƇBĦ�Ťqȃ�ŊǢ p<0.05ŤĞK�ĎŊǢǖĞKŤqȃ�ÅB

āŶ����� PpPTEN, PpSOD1-1� PpSOD1-3ǆƇB¯�ȘľĦ�Model 1

�"1 = 2! + 2" ∗ 454678 + 2# ∗ 459:;1 − 3 + 2$ ∗ 459:;1 − 1���Ħ�Model 

1 ŤǌȀā¶� 93.1%�ǍŽ�wqȃŤĞKa2>�*Ű¦w��Ť�5ǜŕ
�Ǆ 3.5�� 

 

Ǆ 3.4ƷƁȚ�ǁƽȄ±ƾŤũ­��ǄǨķº�¯�ŤũDÒOĘ 
Table 3.4 Correlation analysis of relative gene expression levels and lifespan of P. 

puparum fed with sucrose 

-(!� ���F'BP� p� �4�O R2 h9 

PpPTEN  " = 12.9618 + 1.0632! 0.0000 0.8470 2.5458 

PpFOXO " = 13.5005 + 0.2217! 0.0000 0.8382 2.6186 

PpTSC2-1 " = 13.4610 + 17.1970! 0.0022 0.6237 3.9933 

PpTSC2-3 " = 14.6294 + 9.2509! 0.0211 0.4273 4.9262 

PpSOD1-1 " = 12.7828 + 23.1513! 0.0106 0.4953 4.6245 

PpSOD1-2 " = 15.5983 + 27.3066! 0.0191 0.4378 4.8808 

PpSOD1-3 " = 15.2192 + 2.9743! 0.0046 0.5681 4.2780 

PpTSC1 " = 11.6018 + 29.9377! 0.0091 0.5095 4.5589 

PpTSC2-2 " = 16.6052 + 24.9219! 0.0214 0.4260 4.9318 

m�x£��J§-({|6�¥l:�y£����°8�´H�{:+7#�The !-axis 
represented relative expression levels of selected genes. The "-axis represented mean lifespan of 
P. puparum female adults. 
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Ǆ 3.5 ǵǩǲĬ�ÇĺėÁŤƷƁ�ŚŤ¯�ȘľĦ� 
Table 3.5 Lifespan prediction modeling of the sucrose treatments constructed 

through step-wise method 
 e, 1 
 �O ^�9 p� �4�O

R2 
_ g "
R2 

Constant (0!) 13.748 0.997 0 

0.950 0.931 

PpPTEN (0") 1.091 0.149 0 

PpSOD1-3 (0#) 1.870 0.464 0.004 

PpSOD1-1 (0$) -12.904 5.028 0.033 

m�µn7#P��"1 = 0! + 0" ∗ 343567 + 0# ∗ 3489:1 − 3 + 0$ ∗ 3489:1 − 1� 
Predicted wasp lifespan "1 = 0! + 0" ∗ 343567 + 0# ∗ 3489:1 − 3 + 0$ ∗ 3489:1 − 1. 

 

2.4 ƾƿĿ¿­¯�ũD��ŤË� 

ƾƿȚ�«ŜƾŤ��ũ­ǄǨȃŤqa�ĆĈ�� 3.6��ş�>10%ƾƿ

�GŤ«ŜƾŤº�¯�ĸČ¶Ã��ǉDĻ 5%Ŀ¿ƾƿ� 10%Ŀ¿�Ś�Ȉ

Ť¶Ã�5����ƩǄŘN�ȝĿ¿ƾƿ�ŚƉ���ũ­ǄǨȃĊȝŤǋÎ�

¼�Ě!ĄȈōǄŘNĈƵ¶Ã�p<0.05��Ǭ!��`æ PpTSC2-1, PpTSC2-

3, PpAKT � PpTSC1 �� 3.6 C, D, I, K������ PpTSC2-2, PpADCY3 �

PpHDAC1ŤǄǨȃ� 5%Ŀ¿Ĳ 10%Ŀ¿Ċȝ�ŒUć PpADCY3���ĄȈō

ǺǄŘN�Ŀ¿�ŚȈĈƵŤ¶Ã�ũDÒ��ÇOĘǭ
ĬǓĆ�Ǭ
ō�Ǆ

3.6��l�ƃā¶OĘŤƍęĈŲ 6���ŤǄǨķº�«Ŝƾ¯�ĈƵũD�

¤+ć PpTSC2-2, PpHDAC1, PpSOD1-2, PpTSC1, PpTSC2-3� PpADCY3�E�

2����PpTSC2-2� PpHDAC1ŤǄǨȃ�«ŜƾŤº�¯�¢�ƈÒDƂ� 
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� 3.6 ƾƿ­ÜǱ¯�ũD��ũ­ǄǨķºŤË� 

Figure 3.6 Effects of honey on the relative expression levels of selected lifespan-
related genes. 

m�x£�� 4�¬`R²s�y£��§4{7#|�-({|6�¥l:�REL��y£
��J§7#|�-({|6�¥l:�REL��0 dR¬`{5x�{|6-(�¥¯�
�� 1.*j�R²s�¦� Tukey{0®k¤d¶�OM�:+�±^� 9�}���|
=6t|k�*�} p<0.05�**�} p<0.01�***�} p<0.001 � ****�} p<0.0001�Y
)U}�&�RXJ§7#|�-(*.w�²{|6�¥l:�The !-axis represented 
four sampling time points. The "-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: PpSOD1-1; F: PpSOD1-2; G: PpSOD1-3; H: 
PpSOD2; I: PpAKT; J: PpHSP110; K: PpTSC1; L: PpTSC2-2; M: PpADCY3; N: PpCYR1; O: 
PpHDAC1. 
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Ǆ 3.6 ŝƾƿȚ�ǁƽȄ±ƾŤũ­��ǄǨķº�¯�ŤũDÒOĘ 
Table 3.6 Correlation analysis of relative gene expression levels and lifespan of P. 

puparum fed with honey 
-(!� ���F'BP� p� �4�O R2 h9 

PpTSC2-2 " = 36.1579 − 5.7349! 0.0013 0.6610 5.4176 

PpHDAC1 " = 40.3684 − 10.6650! 0.0464 0.3405 7.5562 

m�x£��J§-({|6�¥l:�y£����°8�´H�{:+7#�The !-axis 
represented relative expression levels of selected genes. The "-axis represented mean lifespan of 
P. puparum female adults. 

 
�z�ǵǩǲĬ�ÇĺÁŹ�șƾƿŤ«ŜƾŤ¯�ȘľĦ�Model 2�"1 =

2! + 2" ∗ 4569=2 − 2 + 2# ∗ 45>;?=1 + 2$ ∗ 4569=2 − 3�Ǆ 3.7������

PpTSC2-2, PpHDAC1� PpTSC2-3ǆƇBĦ� 2�ÜČǆÅBĦ�Ť�qȃ�Ŋ

Ǣ p<0.05 ŤĞK�ĎŊǢǖĞKŤqȃ�ÅBāŶ�Ħ� Model 2 ŤǌȀā¶

R2� 86.4%� 

 
Ǆ 3.7 ǵǩǲĬ�ÇĺėÁŤƾƿ�ŚŤ¯�ȘľĦ� 

Table 5. Lifespan prediction modeling of the honey treatments constructed 
through step-wise method. 

 e, 2 
 �O ^�9 p� �4�OR2 _g" R2 
Constant (0!) 40.085 3.718 0 

0.901 0.864 

Pp	58=2 − 2 (0") -4.94 0.81 0 

PpHDAC1 (0#) -7.52 2.099 0.007 

Pp	58=2 − 3 (0$) 3.955 1.48 0.028 

m�µn7#P��"1 = 0! + 0" ∗ 3458=2 − 2 + 0# ∗ 34>:?=1 + 0$ ∗ 3458=2 − 3� 
Predicted wasp lifespan "1 = 0! + 0" ∗ 3458=2 − 2 + 0# ∗ 34>:?=1 + 0$ ∗ 3458=2 − 3. 

 

2.5 ¯�ȘľĦ�ŤȜǓ 

ş�ƷƁ�Ś­¯�ũD��ŤǄǨČǧ�ŤË��ǱåȝĿ¿�50%��

4Ŀ¿�5%�ŤƷƁŉŁǭǃĦ�ȜǓ�ț@�ľǕ�Șľ¯�ȏƷƁĿ¿qa

Ť�ÇāŶ�ŝ5%�50%Ŀ¿ŤƷƁ�G«Ŝƾ�ƏǍº�¯�OU�17.5 d�

28.1 d�ǵǩǖāŶ�ȘľǁƽȄ±ƾŤ¯�¾�17.8 d�27.9 d��¨ľƍę}

x¿ǧȝ��ī�t*Þ�āŶ" = ! (0.1125 + 0.0335!)⁄ �!�gƷƁĿ¿�Ť
Ư�ƨ0-50%� 
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ï
Ĕ�OU� 0�2�6�12� 18d�Ǎ 4�ĄȈōoğǭǃ qPCR�Ůŷ

��ũ­ǄǨķº�ÇĦ�­«Ŝƾº�¯�ŤȘľƢ[�Ǆ 3.8��ŝ 5%ƷƁ

�GŤ«Ŝƾ� 4 �oğōŤº�¯�ľȃ>��Șľ>Ť 95%Ɨ<bȈH�

Ȏ 6 d��ŝ 50%ƷƁ�GŤ«Ŝƾ� 3�ĄȈōŤº�¯�Ǻ�Șľ>Ť 95%

Ɨ<bȈH� 
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� 3.8 � 5%� 50%��!������"��
 1 
Table 3.8 Validation of Model 1 using P. puparum fed with two sucrose concentrations 

  5%����  50%���� 
  2d 6d 12d 18d  2d 6d 12d 18d 
 �	�!1 PpPTEN 3.32 3.05 5.13 8.88  7.80 11.97 20.23 17.77 
 �	�!2 PpSOD1-3 5.50 4.84 0.87 1.37  4.24 5.07 7.36 7.01 
 �	�!3 PpSOD1-1 0.61 0.93 0.69 1.42  0.34 1.37 1.46 1.39 
 ��"�d� 19.8 14.1 12.1 7.7  25.8 18.5 30.7 28.3 

95% ��� 13.929�
25.749 

6.789 �
21.508 

5.957 �
18.171 

-3.613 �
18.925  21.031 �

30.644 
10.241 �
26.834 

24.237 �
37.253 

21.640 �
34.909 

����
��d� 17.5  28.1 
����� x���	���
���
���� y��������������� α� 0.05�Predictor ! is the relative expression level of the selected 
gene. Predicted " is the predicted lifespan of P. puparum. Confidence level α is 0.05.
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Ɔ CAFE �ɧƏħţƛƤ�¹ɫºĽ+
ǹǵɈÂǶƏǬMɝŠ�ƈ�ȁ

ǋĮ»ƅǶċǅǠ�{ɧ�Ě{ƏƲŭɇ�)ȉ�Įɨ�Ə�k�DeƏƛƤǾ

Ĭ¿��Ȃ{Q�ƲŭƏūÜǒ�ĮĚ{ƲŭƏɇ��ŕ×šĵ½ƲŭƏŬǓɇ

ȭǻŚȤ (Azzouz et al., 2004)�ǀŁǾĬ�ǽCǯƲ�ǶǷ½ǹǵɈÂǶùǱƏ

¿�³�įǭç���ùǶ¿�əƗƲŲūÜƏęɭǒÝɍ�ƕJ��äYŀƜ

ȉ�ɭūÜǯƲ�¿�Ýɍ�ɎĵëãƏŔƕJñ�ǃȈǀŁǾĬ�Ĵĵ_�ǹ

ǵɈÂǶɜǶɍ¿ƏǯƲųŭūÜ� 20%�ǶǷūÜ� 10%�ȂöǨì�ŉƏ

Ý¿ğÛ�ɝȂƏǶǷɇĳÃ�ŕ©��ƠǬMžșɥũ¿�Ə�äħƣǾĬ�

MǶǷ½»ƅǶ¿�ÝɍğŁƏ�ɗĳɭ��äħƣyĭ�	¸Ǧ�N�0-40%�

ƏƲŲūÜ�»ƅǶ¿�ƏJƳ�ǲźƆ 50%ƏǯƲųŭ�M»ƅǶƏǀŁǾ

Ĭ��äħƣLĵ	¸Əɥũǜi�2ĮƆĳɭūÜƏƲųŭɩ�»ƅǶƏ¿�

��)ə÷ɥũ� ĸƨǀŁ� Wu ƫąȺƏƲŲ½¿�Əç�ȼYƕ1�ǒ�

AzzouzƫąȺƏ¿��|ƲŲųŭūÜç�ƏǀȌ�	Ǣ (Azzouz et al., 2004; 

Wu et al., 2008)�ƈŕ�ȃ���ūÜƏƲŲ½»ƅǶ¿�Əç��»ƅǶƠư

Ə��³�Ȥ«ƏÍà�»ƅǶ6�	Ơ¬ĠȚŲ�ƛƤ»ƅǶùǱ8ƆƏĴ7

ƲŲūÜ�ǜ)ĴƾŪƏùĸȧaĴ«ƏɑŢğŁ��ƇɎÛƆ��ȒƛƤ�)

Č¾Ýɍ»ƅǶƏ:șķ�ÝɍK6ƆĪɎ�ɖ3ĞǶɦƁ�ùĸ�&ǒęɭƾ

ŪğƑ��¹ɕÛƆ����PƇɔȪƠŏǷŲŏž�Ŵȝ»ƅǶ½ƲY�şY

ƏɝŠ�×#Ê�Ŧ 20%ǯƲųŭ)ǽCǬM�@ȩħɡ�»ƅǶƏ 2¬Nƚķ

@ȩ�ę9Ůş�ɍķ@ȩ�ę9 10%ƏǶǷş�Ȭ ĘĨÁĵm�»ƅǶ«Ȅ

ő��pƅ!ƏÛƆ� 

ĸ¹ɫȭ	ŖƛƤ�¿�ƕJ£�ƏǾȧőá�»ƅǶ¿�ƏJƳ�¿�ƕ

J£�ƏǾȧőá�ǯƲ�ǶǷ¦Ƅƺ�ĵ	¸ƕ1�5 �£� PpAKT�

PpHSP110�PpTSC1�PpTSC2-1� PpTSC2-3�ǾƃW�ǾȧɇəƗ¿�Ýɍǒ

¥«ƏȜn�PpADCY3 ƏǾȧɇəƗ¿�Ýɍǒɖ3�źǒə�ÞƦƏő �

×šĵƸF)�£�6�ɥą�²�ɥũ�4¿�Əő �)�»ƅǶ¿�ȖĖ

ĺbƏƛƤę9ĵ,>ƏÊL�Gɍ³ŧ¹ɫɝȂƏĪɎȤɍ�°ĸƛƤ�Ə	

Ȣ¹ɫɝȂ 100¬Ë�Ə�ķ�Į	�ɗȸŖɬ�·�ƏƾȨɫȎƏő �)�

ƚķNȷȨV�}ɇɥũ¿��ßzɥũő Ī�ĴɆȂƏ	ŖĮ}ɇƏȳĈņ
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U�ĸƛƤȳĈƏ}ɇĮÎƘƏ�ǿǐȨƣ�¿�ȖĖƕJƏ£��KŒ�ĸƛ

ƤȳĈ�ªBƹñ�ä�ƏȴŖ�äħţȭǻő ƏÞƦ�µƏ.Ÿ��&«ɇ

Ə�²�ā½»ƅǶ¿�ç�įǭƏ�²ÿWľ�źǒ�ǉŸĮ�ǜĩţCYǑ

ǰa¨ĻƏɟƹñJƳ�L4ƏľȔ�ĵ	 ç�Ȥ«Ə£��»ƅǶ¿�ƏJ

Ƴ�ǜĮɟƹñƏ��ŕšĵƸFő ���ɥũő ÞƦ���ȳ{���ǯ

ƲūÜȭǻ½ő  1 ȭǻɫȎ�ő  1�!" = 13.748 + 1.091-1 + 1.87-2 −
12.904-3�o���� SOD��ǜǾĬ PpSOD1-1� PpSOD1-3ƏǾȧőá³�

ńƠÕǼ�K'īǱ�J� SODƏjǜƛƤ³��Ȋ�ŁǸ SODƏjǜ�­ƥ

}4¾Ǣ�ŁǸ¿�Əǈƚ�½"Ŝpd�ɋƟ²�ƎǧŃ�ƉƟȦÀ�ɭŜƏ

ɭÜġø (Boulianne, 2001)�źǒ��ɯśǳ Lasius nigerƏƛƤ��ɍ¿ǳ�

Ə SODŧñ�ƕ½ƚ�ƏÊǳ�ɚǳƕŚƊ3ú«Ǣƕ1 (Parker et al., 2004)�

ǲźő  1ƏɥũÕ�¿�«ǢƩ�¹ũ>�2×�ǜȎĬő �ƸFƏ¿�ƕ

J£�Ǿȧɇ}p�»ƅǶ¿�ƏÝɍLĵ�ŁJƳ� 

ò��ĸƨȎĬ� 2ƠƲŲ½ǹǵɈÂǶ¿�Əɇpç�×ÞƦ�ĵğƏ¿

�ɥũħƣ��ȭ	ŖƛƤ��ɧ��ƲŲĪƏ»ƅǶ¿�ƕJ£�ƏǾȧőá�

×đŕÞƦ�ŚȤ�;Ə¿�ɥũő ��ǯƲ¦ƄƏ¿�ɥũő ��Ƭȳ×

ɫȎ���ĴɆȂƏ}ɇ PpPTEN�PpSOD1-1� PpSOD1-3��ǶǷ¦ƄƏ¿�

ɥũő ��ƬȳW� PpTSC2-2�PpHDAC1 � PpTSC2-3 ��ĴɆȂƏ£��

ĸƛƤǀŁ�Y²şÕ�ɐȲ�ǬMĚF�¿��ɎƏǔƳ��%�ƛƤ»ƅǶ

Ə¿�ȖĖĺbę9�ĦƏÊL�



����
���+������������������������������������#�"��%- *(.�) ,�$	��

���


�	 �����
��������� 

ɭŰǙȰ
�ȋªīǱƏzǗ�ķ}ƚ�ùǱ¿�įǭǈƚ�ǹǵɈÂǶ�

25�
ƏÕ�¿�� 21.9 d�� 35�
ɜǶƏÕ�¿�įǭǈƚ� 9.2 d�� 2.5��

īǱ�ÛŹÛŶƏ	�İȹƏƻǚyÛĮȓ¾ŹŶǴƍ HSP ƏǾȧ�°ǇȲû

Ȳ�īǱƏ HSPŋđY²ɇ«Ǣ�Y� Hsp70�Hsp90�Hsp60� sHSPƫ�å

īǱĲɞ�tiƂ¤
�HSP«ɇǾȧ)ÑmǴƍșă~:ĄKE|ď/ (King 

and MacRae, 2015)�K� sHSPĮ	ưLĵ	�:¶Ə α-ıƀǀĿ¡ƏÂY²ɇ

ŹŶǴƍ��ǹǵɈÂǶ£�ƺ�Ȁɉ¸W� 8� sHSP�PpCRYAB1-8�Ǿ 2.2��

ȷȨ qPCR¹ɫ^ŖĔƤ�V�¿�ƕJ£��ÛŹÛŶƏǾȧɇ}p�2½ɭ

ŰǙȰ
ǹǵɈÂǶƏƳǃñY²yÛxȬ yÛ°5ç�¿�ƏĺbÅ�Ů

Ő�ĸƨ��ȳ{�ǹǵɈÂǶɜǶ��ƅ�ɓŗƏùǱȭǻɭŰǙȰ¦Ƅ�£

� RNAũÙĀĹĔƤ»ƅǶ�ÛɭŰǙȰƏY²ĺb� 

1 ����� 

1.1 9ȑīǱxŉ�U§ 

ǹǵɈÂǶƏɩMȃƪ�ƨ 1.1�ĸƨ�ƆaƏĮǹǵɈÂǶƏɜùǱ�ǹ

ǵɈÂǶɜǶ� 25℃¢MƮ�ǎp��ƦsĎȳ«ÂƕȪ�ŧiǣ¯Ə�4�

əĺYù�ƺ�	ƺǄǅ� 25℃¢MƮ�ɩM�	ƺĞF 35℃¢MƮ�ɩM�

�H�ĪɎŸ{ŉ�Y`Į�	�Ź¦Ƅƺ�ǎp� 35℃¦Ƅ 3 h�6 h�12 h�

5d�10 d� 15 d����½Żƺ�ǎp� 25℃¦Ƅ 3 h�6 h�12 h�5 d�10 d�

15 d�Ř�¦Ƅȍǋ 3�Ɇ¨�Ř�Ɇ¨ĝɛ 5®ɜǶ�Ɔ TRIzol¦Ƅ�ïȸS

T�-80℃
:³�Iĵ 12ƺ 36�ŉ�Ɔ� RNA-Seqx�ǅÍàǾȧYŀ� 

1.2 RNA-seqĥÚĿÞxYŀ 

ÁǹǵɈÂǶɜǶƏ 36 �ŉ�Y`Ćę RNA �ȭǻșō�ŉ�Ə¦Ƅ�

RNAĆęȨƣ�ƪ�ƨ 1.4�șō�ŌƏŉ�ĿÞĥÚȭǻũÙ�ũÙ£� HiSeq

Õ��½ǹǵɈÂǶſ¸ĪɎŸȡæƏûĵ mRNAȭǻũÙ�¹ɫɃƆ Illumina 

TruseqTM RNA sample prep KitħţȭǻĥÚĿÞ�{ŉxĥÚĿÞƏě6Ũƣ�

°� 4.1ûƞ�ũÙìau±ģđ�raw data��ə�½u±ģđȭǻșɇĖb�

8Ɔ cutadapt v1.16�http://cutadapt.readthedocs.io/�ȭǻhZȨŵ�vɘu±ģđ
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�ƏũÙĕ®Ù\�3șɇȕŗxɍÜȨƚÙ\Əģđ�ìaɭșɇƏũÙģđ

�clean data��£� Trinity ƺȁƭţ½�ũÙģđȭǻĊĕ�ǀ�£�ƺģđ

ȭǻ�ǅYŀ� 

 

� 4.1 ȡæƺ{ŉxũÙ¹ɫŨƣ 
Figure4.1 Transcriptome sampling and sequencing experiment flow. 

 

1.3 £�ǾȧYŀ 

ɪD�8Ɔ RSEM Y`Ȉƭ�¦Ƅ�ŉ�Ə£�ǾȧşÕ�ź��8Ɔ R

o DESeq2½ RSEMǾȧ¸ɇǀŁ�counts�ȭǻ��¦ƄɎ£�ƏÍàǾȧY

ŀ�8Ɔ Benjamini� HochbergƏħţ½ p>ȭǻňŔ)Ėb?zƃƁ�False 

discovery rate�FDR��ǀŁƆ q>Ǿƞ�×ȈƭÍà<ģ�Fold change��°

Ł£�Ə q <0.05��|log2(Fold change)| >1�]ȉ�Ȓ£�ĮÍàǾȧ£��D

EG��� 6 �ĪɎŸƏŘ	½¦Ƅƺ�½Żƺ�Ɏȭǻ£�ÍàǾȧƏŚȤ�

½ǹǵɈÂǶ£�ƺ�ûĵ£�ȭǻǾȧőáǕưYŀ�ȈƭœáȟƟ�ŉĸɎ

� spearmanƕJƳģ�£�Ɏ� pearsonƕJƳģ�ɃƆ hclusterǕưħţ�ĸ

ƨ�ÍàǾȧ£�ƏǾȧőáǕưŹ�8Ɔ Ro pheatmap6��ÍàǾȧ£�

Ə�ùYYŀ�PCA��ŷÉ��ǆó�Ɔ OmicShare�http://www.omicshare.co

m/tools�6�� 
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1.4 Íà£� GO� KEGGȷȠ¼ɛYŀ 

8Ɔ OmicShare Õ�½Íà£�ȭǻ� GO ¼ɛYŀ� KEGG ȷȠ¼ɛY

ŀ�Á FDRňŔ� p>�s q>�<0.05Ə GOɤ� KEGGȷȠȅ�Íà£�

¼ɛƏ GOɤ� KEGGȷȠ� 

1.5 £�kļIǾȧǊǁYŀ�WGCNA� 

ŋđ Lanfelder � Horvath ßzƏ£�kļIǾȧǊǁYŀŨƣ�Weighted 

gene co-expression network analysis�sWGCNA��8Ɔ RoWGCNA v1.66½

ûĵŉĸƏ RNA-seqģđɛĿÞ�£�IǾȧǊǁ�� 4.2��ɪD½£�ƺģ

đȭǻ¦Ƅ�×č
\u]ȭǻȨŵ�1�ȨŵĒ�ûĵŉĸ�ƏǾȧɇ��Â

� 10Ə£��2�ȨŵĒ�ûĵŉĸ�ǾȧɇȽV�šĵÍàƏ£��ƆȨŵ�

ƏģđȈƭ£�ɎƏƕ1ñ�Ɔ�Ǽɇ£�ǾȧşÕƏ	Ǣñ�½�Ř	½£�

i� j�ȈƭƐÄŎƕJƳģƏǂ½>0!" = |234(6, 8)|�ĿÞ£�ƏIǾȧƕJñ
ƙɒ0 = [0!"]�ə�ƆÓČģ�power�ȻĕXģÁƕJñƙɒȡĐȻĕƙɒ<!" =
=3>?4@0!" , AB = |0!"|#�ƾȨ powerƏªŒȱ(ľƜ¸Ĵ7wģA>�Ɯ¸ȣɏ>
� 8�8ì£�ǾȧJƳĕȪĩÆÜǊǁ�ź��ĿÞćüɆ~�topological overlap 

measure, TOM�ƙɒ�&Ɣĕ�Ɏĕ��ħɡǇ�Yŀ��£��ɎƏJƳ�£

� TOM>ƏƕàÜȭǻÇŒǕưYŀ�ìaǕưŇƀ��Ɔlðhłţȭǻő

�[Y�K�ȍ¸ĴÂő�«Â� 30��×ő�ɏ>� 0.2�ƈ�ɭŰ
ǹǵɈ

ÂǶ¿�įǭǈƚ��ȏ0IǾȧ£�Ư�ǹǵɈÂǶ¿�ƏƕJñ�ȍ¸ûĵ

Ź¦Ƅƺŉĸ� 0�¿�ǈƚ��½Żƺŉĸ� 1�¿�Ȥɍ��½	�ő��

Ə£�ȭǻ�ùYYŀ�ƆĴ�ȂƏùY�PC1�ľ(ǾȬ�ő�Əſè�ső

�ſè�ɇ�Module eigengene�ME��ȈƭME�ñƀ�ɎƏƕJñƳģ�È

ƞ�	�Ź��Ȉƭő�ɅɡŘ	�£��ɍ¿�Ȭ	ñƀƏƕJñ�GS��ő

�ɅƏ£��Ȓő�ƏƕJñ�MM��Ȉƭ GS�MMƏƕJñ×6��°Ł

ń�£�Ə GS�MMĕȪ� 1�]ȉ�Ȓ£��ő��ƏK'£�LĵȤɭƏ

ŔƕJJƳ��ñƀɭÜŔƕJ�ƬȳW�ñƀɭÜƕJƏƓņő����8Ɔ

cytoscape 3.8.2ȣ+½£��6Ǌǁȭǻ�ȅp�ȍǋļɆ weight>� 0.18½Ɠ

ņő�NƏ£�ȭǻƬȳ�ə�Ɔ cytoscape Ə cytoHubba ÊLɉ¸ő�NɭJ

ǔÜƏJɌ£� (Chin et al., 2014)�CytoHubbaę9� 12ƠćüYŀħţ�o

ĉ Degree�Edge percolated component�EPC��Maximum neighborhood component
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�MNC��Density of maximum neighborhood component�DMNC��Maximum 

clique centrality�MCC��£�ĴƚȠéƏ 6 Ơ�îñũ¸ħţ�Bottleneck�

Ecentricity�Closeness�Radiality�Betweenness� Stress�� Clustering coefficient�

)MCC>56�=ȳƏJɌ£�ȭǻ�ǅ¹ɫɫȎ� 

 
� 4.2 WGCNAYŀŨƣ��wǑ Langfelder and Horvath, 2008� 

Figure 4.2 Weighted gene co-expression network analysis (WGCNA) workflow. 
 

1.6 RT-qPCRɫȎ� RNAÔþ¹ɫ 

��ɫȎȡæƺũÙǀŁƏ�ɠñ��Ɇ¨ñ�čŻȡæƺŉ�Ə¦ƄĽ+

�½Żƺ 25℃
ɩM�¦Ƅƺ 35℃
ɩM��{ŉĪɎŸ�3 h�6 h�12 h�5 

d�10 d�15 d�ĝɛǹǵɈÂǶɜǶŉ��Ř�¦Ƅȍǋ 3�Ɇ¨�Ř�Ɇ¨ĝ

ɛ 5®ɜǶ�ȭǻ qPCRɫȎ�qPCR¸ɇɫȎŨƣwǑƪ�ƨ 1.4� 

Ǿ 4.1 ĸƨûƆâž 
Table 4.1 Primers used in this chapter 

	
�� Fiv1� (5’-3’) 
qPpCRYAB5_F TTCCAGGTGATCATCGACGT 

qPpCRYAB5_R GTCCTTCTTCTCCTCGTGCT 

qPpHSP68-2_F CGACGTCTTAGAACAGCAGC 
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qPpHSP68-2_R CTCCATCAAAGAGTGCGTCG 

qPpHSP83_F AACTCGTCTGATGCCTTGGA 

qPpHSP83_R GAGCGTGCGATCATTCTTGT 

qPpXAP5_F CGAGAAATCGCACAGCAAGA 

qPpXAP5_R GTTCGACGGCATTGTAGTGG 

qPpPPP6A_F GAACTGGTGCCGTTGTTGAT 

qPpPPP6A_R TTCGAGCGAGACACCTTTCT 

qPpCathL_F CACAACGGCAGCCTGATATC 

qPpCathL_R GGGGTAGCTTTTCTCCGAGT 

qPpMf2_F GGAAAGGACCGTCAACATCC 

qPpMf2_R TATCTCTAACTGTGCGGCGT 

qPpSEC11C_F CGGAAGAGCTCGAGGATTCT 

qPpSEC11C_R CCAAGACATGCAAGAATCGC 

qPpOSBP2_F CTTCCATGGCAGCATACACC 

qPpOSBP2_R GTTGACGTTCTGCCAAGTGT 

rnaiPpEll-F2 TAATACGACTCACTATAGGGAGATCTACTCTGCTTGGCCCAAA 

rnaiPpEll-R2 TAATACGACTCACTATAGGGAGAACGTCATGGGGTAGGTGTTT 

rnaiPpXAP5-F TAATACGACTCACTATAGGGAGACGAGAAATCGCACAGCAAGA 

rnaiPpXAP5-R TAATACGACTCACTATAGGGAGACTGTGTCCTGATCCATCCCA 

rnaiPpCathL-F TAATACGACTCACTATAGGGAGACTCGAGTGGATCAAGCGTTG 

rnaiPpCathL-R TAATACGACTCACTATAGGGAGAAGTTTACTCTCGCTGCCTGT 

rnaippPP6A-F TAATACGACTCACTATAGGGAGATACATCGGACGAACGTGAAA 
rnaippPP6A-R TAATACGACTCACTATAGGGAGAAACGGATAGTTTCGGTCACG 
rnaiPpCRYAB1-F TAATACGACTCACTATAGGGAGAACTTTGGCTTGGGATTACGC 

rnaiPpCRYAB1-R TAATACGACTCACTATAGGGAGACCCGTCAGCTCGATTTTGAT 

rnaiPpCRYAB2-F TAATACGACTCACTATAGGGAGATTTTGGACTGGGACTTCACC 

rnaiPpCRYAB2-R TAATACGACTCACTATAGGGAGATGACTTTGGGCCATTTTCTT 

rnaiPpCRYAB3-F TAATACGACTCACTATAGGGAGATCCACTGCTTTTCTCCGACT 

rnaiPpCRYAB3-R TAATACGACTCACTATAGGGAGACACTCCGTCCGAAGACAGTT 

rnaiPpCRYAB4-F TAATACGACTCACTATAGGGAGAGACTTCAGCGTCATCGACAG 

rnaiPpCRYAB4-R TAATACGACTCACTATAGGGAGATCTTTGCTGAGGGACGACTT 

rnaiPpCRYAB5-F TAATACGACTCACTATAGGGAGAAGCAACTCAGCGCAAGTACA 

rnaiPpCRYAB5-R TAATACGACTCACTATAGGGAGAAGCACACCGTCAGAGGAGAG 

4©�ù dsRNA�ŋđɢ£�ƏÙ\)x LuciferƏÙ\;ôȍȈ� Primer3

�http://bioinfo.ut.ee/primer3-0.4.0/�ǊƧȍȈ� T7�l²Əſàâž�Ǿ 4.1��

_ƆȬ âžȭǻ PCRý¥�ìa«Â� 400-600 bpƏ!ž�Ȭ !žȽƾȨ

�ũÙɫȎ×Ʒp�ĝ�TRIzolţę{ò RNA�b§ cDNA�ƪ�ƨ 1.4�)�

ùƏ cDNA�őŽ�Ɔ dsRNAâžȭǻ PCRý¥�ìaĽÐƩ�ƓņĽÐ«Â

�400-600 bp�Ə!ž�ƾũÙɫȎ�6�4©ȡæőŽ�ə�ŋđ4©ȡæȑ

dƒMEGAscript® T7 Transcription Kit�Ambion�Austin�TX�ƏȔĬ��4©
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�ù dsRNA�_ƆǥȾ/Ş-ĆęţƷp dsRNA�)Ɔ�įíťÀ�fßùj»

ƅƏǪƱǹǵ�ĎWǹǵɈÂǶɜñɮǵ×č�	ħ�ē�ēǵż��ȭǻťÀ�

êťÀȨ dsRNA ƏǶǎp 2 d ��{ŉȭǻƕ½¸ɇ qPCR ľƜ¸£�Ǿȧɇ

}p�qPCRƏŨƣwǑƪ�ƨ 1.4� 

2 	���� 

2.1 ȡæƺƺȁșɇ�ũÙģđ 

ƾȨșɇĖbȨŵ��ǹǵɈÂǶɜǶƚķÒŰ�25�C�½Żƺ�ƚķɭŰ

�35�C�¦Ƅƺ�ɍķÒŰ½Żƺ�ɍķɭŰ¦ƄƺI 36 �ŉ�òIìa

1,567,502,192ĽɭșɇƏũÙģđ�clean data��Gȼ 36ƺũÙģđ Q30Ɲ£

ƎYŚ�«� 90%�ǾĬũÙșɇȤ¯�Ǿ 4.2�� 

� 4.2 
��� ���	 
Table 4.2 Transcriptome sequencing yield 

���� �� ��
��� ��
�bp� Error% Q30% GC% 
25�C-12h-1 Control 49753462 7378146352 0.0141 92.75 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 91.59 46.2 

25�C-3h-3 Control 47023264 6986606049 0.0151 91.85 45.94 

25�C-6h-1 Control 52855190 7828897681 0.0138 93 46.04 

25�C-6h-2 Control 50030786 7433578852 0.0142 92.59 45.7 

25�C-6h-3 Control 48659968 7225207686 0.0143 92.44 45.97 

35�C-12h-1 Heat Stress 62326694 9260987176 0.0136 93.44 44.98 

35�C-12h-2 Heat Stress 58103654 8634307047 0.0137 93.37 44.79 

35�C-12h-3 Heat Stress 51540568 7673061782 0.0137 93.29 45.15 

35�C-3h-1 Heat Stress 46604600 6914792241 0.0143 92.47 47.03 

35�C-3h-2 Heat Stress 59692556 8883543727 0.0137 93.29 46 

35�C-3h-3 Heat Stress 64530892 9597522571 0.0137 93.33 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 93.31 45.35 

35�C-6h-3 Heat Stress 40937556 6091373690 0.0137 93.34 44.95 

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 43.2 

25�C-10d-2 Control 35775439 5218811099 0.013 94.26 43.94 

25�C-10d-3 Control 43534137 6355482247 0.0129 94.31 43.9 

25�C-15d-1 Control 28283731 4127442956 0.0094 96.44 44.51 
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25�C-15d-2 Control 25295888 3682315661 0.0094 96.38 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 94.28 44.9 

35�C-5d-2 Heat Stress 47047098 6882807720 0.0127 94.62 44.76 

35�C-5d-3 Heat Stress 44117527 6422236834 0.013 94.25 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 94.59 45.3 

35�C-10d-3 Heat Stress 30898487 4520838280 0.0093 96.6 45.25 

35�C-15d-1 Heat Stress 30407472 4411730086 0.0132 93.95 45.12 

35�C-15d-2 Heat Stress 30817803 4496036422 0.0095 96.36 44.85 

35�C-15d-3 Heat Stress 34500728 5054463130 0.0092 96.77 45.11 

K�Q30% �Phred;�-� 30WY+�6�Y+WV�J�Error %�Y+yqQ�GC %�
Y+ G # C W;x6#�6WY+;xWV�J�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. 
 

2.2ŹÛŶ½£�ǾȧƏç� 

½£�ƺ�ûĵ£�ȭǻ�ùYYŀ�� 4.3 A��Řƺ¦ƄƏ 3�ƅž´

Ɇ¨{șî6��ȯƹƏ 3�ɣŸ(Ǿ 1�ƅž´Ɇ¨�ȷȨŉĸƏYÏõR�

)ƖWƅž´Ɇ¨Əŉ�«ǢǕư�	ț�šĵWƃƟǌŉĸ�ȬǾĬ¹ɫƏɆ

¨ñȤ¯�ǕưYŀƏǀŁǾĬ��ŉƏǀȌ�� 4.3 B��� 6 hx)�Ə�	

ĪɎŸ½Żƺ�ɭŰ¦Ƅƺ��Ɔ�ùY PC1�57.9%�ȭǻqY�PC2�9.9%�

�)qYûĵĪķƏ½Żƺ�ɭŰ¦Ƅƺ�½���ƏŰÜ¦Ƅ�35℃¦Ƅ
Ə

ŉĸYÏƏĳƟĢ��ǜȔĬ�ɭŰcŶ
»ƅǶĳġø��4Íàĳ«�½�

��ƏÖɰɓŗ�ɍķƏ 5 d )�ƏɭŰcŶįźŚƚķƏ 12 h NɭŰcŶƏ

ŉĸ!ƅ�ĳ«Ə£�ǾȧɇƏ}p�ǀ�ǕưYŀƏǀŁ�)zƃ� 3 h½Ż

ƺ�ɭŰ¦ƄƺƏ£�ǾȧőárYƕȪ�ǒǠ 6 hț¦Ƅƺ�½ŻƺƏ£�Ǿ

ȧőáß±WƃYĜ�Ȭ ǀŁȔĬɭŰcŶȓ¾�ǹǵɈÂǶɜǶ£�ǾȧƏ

įǭYp�ɭŰ½ǹǵɈÂǶƏç��ǜ& 6 hË�ß±WƃğÛ�×ȴůơƵ

Ĵƽ�ǹǵɈÂǶƏǐɰɓŗ!ƅÌ«ç��8¿�ǈƚ� 
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� 4.3 ŹǙȰ
ǹǵɈÂǶƏ£�Ǿȧőá 
Figure 4.3 Gene expression patterns of P. puparum under heat stress. 

K��A�E$ PCA�AbB�T'5&DmZ/P`�!
W	n5mZ|N,R`�(
& �DK��B�e\�AO&�I���:��s4`E?wW9=+%���`�8
( �&KDZ�“Time”#“CellType”�Ghh*UL�M��mZ 3 h�6 h# 12 h�dh
h*UL�M��mZ 5 d�10 d# 15 d�khh*mZ/P`�]hh*mZ|N,R`�
I�lmZ��+%�I���mZ��E?
C��+%Wmtx�T log2(FPKM+1)m
Z�� 0� 14/2{h�kh�]h�(A) Results of PCA analysis of samples. The control 
group is indicated by a circular icon and the upward triangle indicates the 35℃ 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℃ treated group. Each row indicates 
one gene. Each cell represents the expression of a gene in a sample, expressed as log2(FPKM+1), 
from 0 to 14 corresponding to the color from blue to red. 
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2.3 £�ÍàǾȧYŀ 

ǹǵɈÂǶɜǶƏÍàǾȧ£�ģƓəƗĪɎƏėƢǒȴů¥k�� 4.4��

ɍķɭŰ¦ƄƺƏÍàǾȧ£��Ȯª�ƚķɭŰ¦Ƅƺ�ɭŰcŶ 3 hǹǵɈ

ÂǶɜǶ$ĵ 86�£�įǭ�Ȗ�82�£�įǭ
Ȗ�ǒ�ùǶǐɰķ�15 d�

Îƾĵ 969 �£�įǭ�Ȗ�1046 �£�įǭ
Ȗ��Ĥ�ƅ�Ȩƣ��Íà


Ȗ£�ƏģƓ¥ȸĳï�ɔæⅡ��£�ƏǾȧõRY`�ƚķ�ɍķƏ¦Ƅ

ƺ�ǾƃW�ĬįƏǕư�ÍàǾȧ£�Əǆó�įƞĵ 13�£�ƏǾȧɇ�

ƚķ��ĪķȽĵįǭÍà�ǒɍķ��Īķĵ 59�£�įǭÍàǾȧ�� 4.5 

A� B��½Ȭ £�ȭǻȭ	ŖƏYŀzƃ�ĵ 2�£��ûĵĪķȽįǭ�

Ȗ�Y`Į PpCRYAB1� PpCRYAB2�� 4.5 C��ĵ 1�£��ûĵĪķȽį

ǭ
Ȗ�s PpDnah3�� 4.5 D�� 

 
� 4.4 ÍàǾȧ£�ŷÉ� 
Figure 4.4 volcano of DEGs. 

(86)

(82)

(90)

(115)

(136)

(265)

(576)

(578)

(910)

(652)

(969)

(1046)

log2(Fold Change) log2(Fold Change)

-lo
g 1

0(
FD

R
)

-lo
g 1

0(
FD

R
)

-lo
g 1

0(
FD

R
)

-lo
g 1

0(
FD

R
)

-lo
g 1

0(
FD

R
)

-lo
g 1

0(
FD

R
)

A

B

C

D

E

F



����
���+������������������������������������#�"��%- *(.�) ,�$	��

���

 

� 4.5 ��ĪķƏÍàǾȧ£�ģƓ 
Figure 4.5 Number of DEGs in different period. 

�A�X>|N,R`03mt+%Wc7&��B�z>|N,R`03mt+%Wc7
&��C�|N,R<j
r+%Wc7&��D�|N,R<j�r+%Wc7&�(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. 

 

��ȭ	ŖĔƤǹǵɈÂǶɭŰǙȰ
ÍàǾȧ£�Əjǜ�w�Əƅž

Ȩƣ�½�ĪķÍàǾȧ£�ȭǻ� GO ¼ɛ� KEGG ȷȠ¼ɛYŀ�½Íà

�Ȗ�
Ȗ£�ȭǻ GOťɄ�×Áµ*Y�ƅžȨƣ�BP�Biological Process��

ƻǚƺY�CC�Cellular Component��Y²jǜ�Molecular function���«ư


Ə²ɤ�� 4.6�� 

ǹǵɈÂǶɜǶɭŰ¦Ƅ��ĪɎƏÍà�Ȗ�
Ȗ£�Ə GO ťɄǀŁ

ƕÍ�«�� BPư`
�ĴªťɄa(ȗȨƣ�metabolic process�GO:0044237��

�MFư`
ƏÍàǾȧ£�ƏjǜťɄaǀ�ƿ �̧binding�GO:0005488��

Apŧñ�catalytic activity�GO:0003824�ƏģɇĴª�� CCư`
ÍàǾȧ



����
���+������������������������������������#�"��%- *(.�) ,�$	��

���

£�ƏťɄYưŚȤª��ȂťɄƺYĵǟ�membrane�GO:0016020��ƻǚ

�cell�GO:0005623��ƻǚȼY�cell part�GO:0044464��ǟȼY�membrane 

part�GO:0044425��ƻǚ��organelle�GO:0043226�ƫ� 

 

 

� 4.6 ÍàǾȧ£� GOťɄǀŁ 
Figure 4.6 GO annotation of DEGs 

K:&
H)DmZ GO W�^�\@p�_)DmZ�"(o�^�\
W+%W;x�
I�&
+%W GO�g��	-\����SRu[�af`�#�.�g�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. 
 
 
 
 
 
 

0

5

10

15

20

25

30

meta
bo

lic
 pr

oc
es

s

sin
gle

-or
ga

nis
m pr

oc
es

s
ce

llu
lar

 pr
oc

es
s

loc
ali

za
tio

n

reg
ula

tio
n o

f b
iol

og
ica

l p
roc

es
s

bio
log

ica
l re

gu
lat

ion

ce
llu

lar
 co

mpo
ne

nt 
org

an
iza

tio
n o

r b
iog

en
es

is

res
po

ns
e t

o s
tim

ulu
s

sig
na

lin
g

de
ve

lop
men

tal
 pr

oc
es

s

bio
log

ica
l a

dh
es

ion

mult
ice

llu
lar

 or
ga

nis
mal 

pro
ce

ss
bin

din
g

ca
tal

yti
c a

cti
vit

y

tra
ns

po
rte

r a
cti

vit
y

nu
cle

ic 
ac

id 
bin

din
g t

ran
sc

rip
tio

n f
ac

tor
 ac

tiv
ity

ele
ctr

on
 ca

rrie
r a

cti
vit

y

an
tio

xid
an

t a
cti

vit
y

str
uc

tur
al 

mole
cu

le 
ac

tiv
ity

mem
bra

ne ce
ll

ce
ll p

art
mem

bra
ne

 pa
rt

org
an

ell
e

org
an

ell
e p

art

mac
rom

ole
cu

lar
 co

mple
x

ex
tra

ce
llu

lar
 re

gio
n

su
pra

mole
cu

lar
 fib

er

N
um

be
r o

f G
en

e

Biological Process Molecular Function Cellular Component

UP

DOWN

0

10

20

30

40

meta
bo

lic
 pr

oc
es

s

sin
gle

-o
rg

an
ism

 pr
oc

es
s

ce
llu

lar
 pr

oc
es

s
loc

ali
za

tio
n

re
sp

on
se

 to
 st

im
ulu

s

re
gu

lat
ion

 of
 bi

olo
gic

al 
pr

oc
es

s

bio
log

ica
l re

gu
lat

ion

bio
log

ica
l a

dh
es

ion

ne
ga

tiv
e r

eg
ula

tio
n o

f b
iol

og
ica

l p
ro

ce
ss

ce
llu

lar
 co

mpo
ne

nt 
or

ga
niz

ati
on

 or
 bi

og
en

es
is

ca
tal

yti
c a

cti
vit

y
bin

din
g

tra
ns

po
rte

r a
cti

vit
y

an
tio

xid
an

t a
cti

vit
y

str
uc

tur
al 

mole
cu

le 
ac

tiv
ity

nu
cle

ic 
ac

id 
bin

din
g t

ra
ns

cri
pti

on
 fa

cto
r a

cti
vit

y

ele
ctr

on
 ca

rri
er

 ac
tiv

ity

sig
na

l tr
an

sd
uc

er
 ac

tiv
ity

mole
cu

lar
 tr

an
sd

uc
er

 ac
tiv

ity
mem

br
an

e
mem

br
an

e p
ar

t
ce

ll
ce

ll p
ar

t
or

ga
ne

lle

mac
ro

mole
cu

lar
 co

mple
x

ex
tra

ce
llu

lar
 re

gio
n

or
ga

ne
lle

 pa
rt

vir
ion

vir
ion

 pa
rt

mem
br

an
e-

en
clo

se
d l

um
en

N
um

be
r o

f G
en

e

Biological Process Molecular Function Cellular Component

UP

DOWN

0

20

40

60

80

m
et

ab
ol

ic 
pr

oc
es

s

sin
gl

e-
or

ga
ni

sm
 p

ro
ce

ss
ce

llu
la

r p
ro

ce
ss

lo
ca

liz
at

io
n

re
gu

la
tio

n 
of

 b
io

lo
gi

ca
l p

ro
ce

ss

bi
ol

og
ica

l r
eg

ul
at

io
n

re
sp

on
se

 to
 s

tim
ul

us
sig

na
lin

g

ce
llu

la
r c

om
po

ne
nt

 o
rg

an
iza

tio
n 

or
 b

io
ge

ne
sis

m
ul

tic
el

lu
la

r o
rg

an
ism

al
 p

ro
ce

ss

ne
ga

tiv
e 

re
gu

la
tio

n 
of

 b
io

lo
gi

ca
l p

ro
ce

ss

de
ve

lo
pm

en
ta

l p
ro

ce
ss

bi
ol

og
ica

l a
dh

es
io

n
ca

ta
lyt

ic 
ac

tiv
ity

bi
nd

in
g

tra
ns

po
rte

r a
ct

ivi
ty

st
ru

ct
ur

al
 m

ol
ec

ul
e 

ac
tiv

ity

sig
na

l t
ra

ns
du

ce
r a

ct
ivi

ty

m
ol

ec
ul

ar
 tr

an
sd

uc
er

 a
ct

ivi
ty

nu
cle

ic 
ac

id
 b

in
di

ng
 tr

an
sc

rip
tio

n 
fa

ct
or

 a
ct

ivi
ty

an
tio

xid
an

t a
ct

ivi
ty

el
ec

tro
n 

ca
rri

er
 a

ct
ivi

ty

m
ol

ec
ul

ar
 fu

nc
tio

n 
re

gu
la

to
r

m
em

br
an

e
ce

ll
ce

ll p
ar

t
or

ga
ne

lle
m

em
br

an
e 

pa
rt

ex
tra

ce
llu

la
r r

eg
io

n
or

ga
ne

lle
 p

ar
t

m
ac

ro
m

ol
ec

ul
ar

 c
om

pl
ex

ex
tra

ce
llu

la
r r

eg
io

n 
pa

rt

ex
tra

ce
llu

la
r m

at
rix

vir
io

n
vir

io
n 

pa
rt

m
em

br
an

e-
en

clo
se

d 
lu

m
en

N
u

m
b

e
r 

o
f 

G
e

n
e

Biological Process Molecular Function Cellular Component

UP

DOWN

A

B

C

0

50

100

150

200

250

meta
bo

lic
 pr

oc
es

s
ce

llu
lar

 pr
oc

es
s

sin
gle

-o
rg

an
ism

 pr
oc

es
s

loc
ali

za
tio

n

bio
log

ica
l re

gu
lat

ion

re
gu

lat
ion

 of
 bi

olo
gic

al 
pr

oc
es

s

re
sp

on
se

 to
 st

im
ulu

s

ce
llu

lar
 co

mpo
ne

nt 
or

ga
niz

ati
on

 or
 bi

og
en

es
is

sig
na

lin
g

bio
log

ica
l a

dh
es

ion

mult
ice

llu
lar

 or
ga

nis
mal 

pr
oc

es
s

ne
ga

tiv
e r

eg
ula

tio
n o

f b
iol

og
ica

l p
ro

ce
ss

de
ve

lop
men

tal
 pr

oc
es

s
ce

ll k
illi

ng
be

ha
vio

r
loc

om
oti

on
gr

ow
th

mult
i-o

rg
an

ism
 pr

oc
es

s
bin

din
g

ca
tal

yti
c a

cti
vit

y

tra
ns

po
rte

r a
cti

vit
y

nu
cle

ic 
ac

id 
bin

din
g t

ra
ns

cri
pti

on
 fa

cto
r a

cti
vit

y

sig
na

l tr
an

sd
uc

er
 ac

tiv
ity

mole
cu

lar
 tr

an
sd

uc
er

 ac
tiv

ity

mole
cu

lar
 fu

nc
tio

n r
eg

ula
tor

str
uc

tur
al 

mole
cu

le 
ac

tiv
ity

tra
ns

cri
pti

on
 fa

cto
r a

cti
vit

y, 
pr

ote
in 

bin
din

g

an
tio

xid
an

t a
cti

vit
y

ele
ctr

on
 ca

rri
er

 ac
tiv

ity ce
ll

ce
ll p

ar
t

mem
br

an
e

or
ga

ne
lle

mem
br

an
e p

ar
t

mac
ro

mole
cu

lar
 co

mple
x

or
ga

ne
lle

 pa
rt

ex
tra

ce
llu

lar
 re

gio
n

ex
tra

ce
llu

lar
 re

gio
n p

ar
t

mem
br

an
e-

en
clo

se
d l

um
en

sy
na

ps
e p

ar
t

sy
na

ps
e

su
pr

am
ole

cu
lar

 fib
er

N
um

be
r o

f G
en

e

Biological Process Molecular Function Cellular Component

UP

DOWN

0

100

200

300

400

500

m
et

ab
oli

c p
ro

ce
ss

ce
llu

lar
 p

ro
ce

ss

sin
gle

-o
rg

an
ism

 p
ro

ce
ss

bio
log

ica
l r

eg
ula

tio
n

re
gu

lat
ion

 o
f b

iol
og

ica
l p

ro
ce

ss
loc

ali
za

tio
n

re
sp

on
se

 to
 st

im
ulu

s
sig

na
lin

g

ce
llu

lar
 co

m
po

ne
nt

 o
rg

an
iza

tio
n 

or
 b

iog
en

es
is

m
ult

ice
llu

lar
 o

rg
an

ism
al 

pr
oc

es
s

ne
ga

tiv
e 

re
gu

lat
ion

 o
f b

iol
og

ica
l p

ro
ce

ss

de
ve

lop
m

en
ta

l p
ro

ce
ss

bio
log

ica
l a

dh
es

ion

po
sit

ive
 re

gu
lat

ion
 o

f b
iol

og
ica

l p
ro

ce
ss

m
ult

i-o
rg

an
ism

 p
ro

ce
ss

ce
ll k

illi
ng

be
ha

vio
r

re
pr

od
uc

tio
n

re
pr

od
uc

tiv
e 

pr
oc

es
s

gr
ow

th
bin

din
g

ca
ta

lyt
ic 

ac
tiv

ity

tra
ns

po
rte

r a
cti

vit
y

nu
cle

ic 
ac

id 
bin

din
g 

tra
ns

cr
ipt

ion
 fa

cto
r a

cti
vit

y

m
ole

cu
lar

 tr
an

sd
uc

er
 a

cti
vit

y

sig
na

l tr
an

sd
uc

er
 a

cti
vit

y

m
ole

cu
lar

 fu
nc

tio
n 

re
gu

lat
or

str
uc

tu
ra

l m
ole

cu
le 

ac
tiv

ity

tra
ns

cr
ipt

ion
 fa

cto
r a

cti
vit

y, 
pr

ot
ein

 b
ind

ing

an
tio

xid
an

t a
cti

vit
y

ele
ctr

on
 ca

rri
er

 a
cti

vit
y

ce
ll

ce
ll p

ar
t

or
ga

ne
lle

m
em

br
an

e
m

em
br

an
e 

pa
rt

m
ac

ro
m

ole
cu

lar
 co

m
ple

x
or

ga
ne

lle
 p

ar
t

ex
tra

ce
llu

lar
 re

gio
n

sy
na

ps
e 

pa
rt

sy
na

ps
e

ex
tra

ce
llu

lar
 re

gio
n 

pa
rt

m
em

br
an

e-
en

clo
se

d 
lum

en
ce

ll j
un

cti
on

ex
tra

ce
llu

lar
 m

at
rix

su
pr

am
ole

cu
lar

 fib
er

N
um

b
er

 o
f G

en
e

Biological Process Molecular Function Cellular Component

UP

DOWN

0

50

100

150

200

250

300

350

m
et

ab
oli

c p
ro

ce
ss

ce
llu

lar
 p

ro
ce

ss

sin
gle

-o
rg

an
ism

 p
ro

ce
ss

bio
log

ica
l r

eg
ula

tio
n

re
gu

lat
ion

 o
f b

iol
og

ica
l p

ro
ce

ss
loc

ali
za

tio
n

re
sp

on
se

 to
 st

im
ulu

s
sig

na
lin

g

ce
llu

lar
 co

m
po

ne
nt

 o
rg

an
iza

tio
n 

or
 b

iog
en

es
is

m
ult

ice
llu

lar
 o

rg
an

ism
al 

pr
oc

es
s

de
ve

lop
m

en
ta

l p
ro

ce
ss

ne
ga

tiv
e 

re
gu

lat
ion

 o
f b

iol
og

ica
l p

ro
ce

ss

bio
log

ica
l a

dh
es

ion
gr

ow
th

po
sit

ive
 re

gu
lat

ion
 o

f b
iol

og
ica

l p
ro

ce
ss

ce
ll k

illi
ng

be
ha

vio
r

m
ult

i-o
rg

an
ism

 p
ro

ce
ss

bin
din

g
ca

ta
lyt

ic 
ac

tiv
ity

tra
ns

po
rte

r a
cti

vit
y

nu
cle

ic 
ac

id 
bin

din
g 

tra
ns

cr
ipt

ion
 fa

cto
r a

cti
vit

y

m
ole

cu
lar

 tr
an

sd
uc

er
 a

cti
vit

y

sig
na

l tr
an

sd
uc

er
 a

cti
vit

y

str
uc

tu
ra

l m
ole

cu
le 

ac
tiv

ity

m
ole

cu
lar

 fu
nc

tio
n 

re
gu

lat
or

tra
ns

cr
ipt

ion
 fa

cto
r a

cti
vit

y, 
pr

ot
ein

 b
ind

ing

an
tio

xid
an

t a
cti

vit
y

ele
ctr

on
 ca

rri
er

 a
cti

vit
y

ce
ll

ce
ll p

ar
t

m
em

br
an

e
or

ga
ne

lle
m

em
br

an
e 

pa
rt

m
ac

ro
m

ole
cu

lar
 co

m
ple

x
or

ga
ne

lle
 p

ar
t

ex
tra

ce
llu

lar
 re

gio
n

sy
na

ps
e 

pa
rt

sy
na

ps
e

ex
tra

ce
llu

lar
 re

gio
n 

pa
rt

vir
ion

vir
ion

 p
ar

t

su
pr

am
ole

cu
lar

 fib
er

m
em

br
an

e-
en

clo
se

d 
lum

en

ex
tra

ce
llu

lar
 m

at
rix

ce
ll j

un
cti

on

N
um

b
er

 o
f G

en
e

Biological Process Molecular Function Cellular Component

UP

DOWN

D

E

F



����
���+������������������������������������#�"��%- *(.�) ,�$	��

�	�

½ɭŰ¦Ƅ 3 hƏ 168�ÍàǾȧ£�ȭǻ GO¼ɛYŀ�Ǿ 4.3��� BP

Yư
įǭ¼ɛaŜpȫuȨƣ�oxidation-reduction process���MFYư
Ə

6 �jǜYưįǭ¼ɛ�K�ĵ 22 �ÍàǾȧ£�įǭ¼ɛa�Ŝpȫuɀŧ

ñ�oxidoreductase activity��ĵ 9 �£�¼ɛa�6Ɔ�ù½Ə94ǀ�úȫ

uY²ŜƏŜpȫuɀƏŧñ�oxidoreductase activity, acting on paired donors, 

with incorporation or reduction of molecular oxygen��ȫĵ 10�£�įǭ¼ɛa

�ɊƟ²ǀ��iron ion binding�����ǀ��tetrapyrrole binding��Ǻƶƴ

ǀ��heme binding��ÍàǾȧ£��ɭŰ¦Ƅ 3 hƏ GOY²jǜ¼ɛǀŁ

ǾĬÍàǾȧƏ£��ǜw�ŜpÛŶȨƣ�ÁɭŰ¦Ƅ 6 hƏ 205�ÍàǾȧ

£�ȭǻ GO¼ɛYŀ�ǀŁzƃ� MFư`
įǭ¼ɛa� 12�ɤƓ�L4

ǒȇ�ĵ 65�£�įǭ¼ɛa�Apŧñ�ĵ 32�£�įǭ¼ɛa�şȆɀŧ

ñ�hydrolase activity��18�£�įǭ¼ɛa�ǘɀŧñ�peptidase activity��

17�£�įǭ¼ɛa�6Ɔ� L-ŝ£ɁǘƏǘɀŧñ�peptidase activity, acting 

on L-amino acid peptides��)x 14�£�įǭ¼ɛaNǘɀŧñ�endopeptidase 

activity�ƫ�GOY²jǜ¼ɛǀŁǾĬ�ɭŰ¦Ƅ 6 h
Ǿȧɇzƅįǭ}p

Ə£��ǜ«ªĮɀư�½ɭŰ¦Ƅ 12 hƏ 401�ÍàǾȧ£�ȭǻ GO¼ɛ

Yŀ�ǀŁįǭ¼ɛa 6� MFư`� 4� BPư`
ƏÂɤ�K��ĵ 55�

£�ƏY²jǜįǭ¼ɛa�şȆɀŧñ�21�£�¼ɛaNǘɀŧñ�ȫĵ 5

�£�įǭ¼ɛaǝǖȿ£ȥɀ Aȫuɀ�ùɂ�ŧñ�fatty-acyl-CoA reductase 

(alcohol-forming) activity��BPư`�£�įǭ¼ɛaŜpȫuȨƣ�ŝ£Ʋ(

ȗȨƣ�amino sugar metabolic process��ŝ£ǕƲ(ȗȨƣ�aminoglycan metabolic 

process���ǮǫƲǛp�ž(ȗȨƣ�glucosamine-containing compound 

metabolic process��GO ¼ɛǀŁǾĬɭŰ¦Ƅ 12 h ƏÍà£��ǜw�ǝș

(ȗ�Ʋ(ȗ�ǴƍșƲpȨƣ� 

½ɭŰ¦Ƅ 5 dƏ 1154�ÍàǾȧ£�ȭǻ¼ɛYŀ�MFư`
£�įǭ

¼ɛa�ɊƟ²ǀ�����ǀ��Ǻƶƴǀ�ƿ¸��Ȃįǭ¼ɛaƏƻǚƺ

YĵŅǤ4�chromosome��ŅǤ4ȼY�chromosomal part��ŅǤș�chromatin��

ŊÂ4�nucleosome��Ǵƍș-DNA¨�4�protein-DNA complex�ƫ�Ȭ	

ǀŁ�ǜǾĬɭŰ¦Ƅ 5 d� DNA¨b�ȡæ�ǏȐƫŧlkg�ɭŰ¦Ƅ 10 

d Ə 1562 �ÍàǾȧ£�įǭ¼ɛa� 9 � MF ư`
� 1 � CC ư`
ƏÂ
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ɤ��Ȃ¼ɛaƏƻǚƺY�ƻǚŊ�nucleus��¼ɛaƏY²jǜĵ DNAǀ

��DNA binding��Nǘɀŧñ�ŊɁǀ�ȡæ�²ŧñ�nucleic acid binding 

transcription factor activity��Ù\ſàñ DNAǀ�ȡæ�²ŧñ�transcription 

factor activity, sequence-specific DNA binding�ƫ�ɭŰ¦Ƅ 15 dƏ 2015�Íà

Ǿȧ£�įǭ¼ɛa� 10 � CC ư`
ƏÂɤ�ƻǚNǟǀ�ƻǚ�

�intracellular membrane-bounded organelle��ǟǀ�ƻǚ��membrane-bounded 

organelle�ĮĴª£�¼ɛaƏƻǚƺY�ɍķɭŰ¦ƄƏ¼ɛYŀǀŁįƞ�

ưȡæ�²jǜŧȞ��ǜȔĬɍķɭŰ¦Ƅ½
ű£�ƏȖĖ!ƅ�ØŤç�� 

 

Ǿ 4.3 ÍàǾȧ£� GOjǜ¼ɛǀŁ 
Table 4.3 GO enrichment of DEGs 

��� GO� Ontology GO ID DEGs FDR 

25 ºC vs. 35ºC 3 h oxidation-reduction process BP GO:0055114 20 0.04014631 

oxidoreductase activity MF GO:0016491 22 0.00218475 

oxidoreductase activity, acting on 
paired donors, with incorporation or 
reduction of molecular oxygen 

MF GO:0016705 9 0.00218475 

iron ion binding MF GO:0005506 10 0.00025167 

tetrapyrrole binding MF GO:0046906 10 0.00025167 

heme binding MF GO:0020037 10 0.00025167 

25 ºC vs. 35ºC 6 h oxidoreductase activity, acting on 
paired donors, with incorporation or 
reduction of molecular oxygen 

MF GO:0016705 7 0.04556047 

iron ion binding MF GO:0005506 7 0.03458524 

phospholipase A2 activity MF GO:0004623 2 0.029645 

phosphopantetheine binding MF GO:0031177 2 0.029645 

modified amino acid binding MF GO: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-
amino acid peptides 

MF GO:0070011 17 0.00207741 

peptidase activity MF GO:0008233 18 0.00104443 

25 ºC vs. 35ºC 12 h carboxypeptidase activity MF GO:0004180 4 0.03848012 

hydrolase activity MF GO:0016787 55 0.02589007 

oxidoreductase activity, acting on 
the aldehyde or oxo group of 
donors, NAD or NADP as acceptor 

MF GO:0016620 5 0.01920572 

oxidation-reduction process BP GO:0055114 32 0.03618798 

aminoglycan metabolic process BP GO:0006022 8 0.03618798 

structural constituent of cuticle MF GO:0042302 8 0.00410179 
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fatty-acyl-CoA reductase (alcohol-
forming) activity MF GO:0080019 5 0.00263748 

endopeptidase activity MF GO:0004175 21 0.00260802 

amino sugar metabolic process BP GO:0006040 8 0.00858687 

glucosamine-containing compound 
metabolic process 

BP GO:1901071 8 0.0074996 

25 ºC vs. 35ºC 5 d chromatin CC GO:0000785 17 0.04950373 

myosin complex CC GO:0016459 5 0.03902346 

nucleosome CC GO:0000786 17 0.03859749 

protein-DNA complex CC GO:0032993 17 0.03859749 

chromosome CC GO:0005694 21 0.03269723 

iron ion binding MF GO:0005506 24 0.0260216 

chromosomal part CC GO:0044427 21 0.01628753 

DNA packaging complex CC GO:0044815 19 0.01628753 

heme binding MF GO:0020037 26 0.00188989 

tetrapyrrole binding MF GO:0046906 27 0.00097799 

25 ºC vs. 35ºC 10 d cation channel activity MF GO:0005261 14 0.04587089 

3'-5' DNA helicase activity MF GO:0043138 3 0.02993229 

ATP-dependent 3'-5' DNA helicase 
activity MF GO:0043140 3 0.02993229 

heme binding MF GO:0020037 28 0.02993229 

nucleus CC GO:0005634 83 0.04679314 

DNA binding MF GO:0003677 94 0.02174511 

tetrapyrrole binding MF GO:0046906 29 0.02174511 

nucleic acid binding transcription 
factor activity MF GO:0001071 45 0.02076655 

transcription factor activity, 
sequence-specific DNA binding 

MF GO:0003700 45 0.02076655 

endopeptidase activity MF GO:0004175 57 0.01524246 

25 ºC vs. 35ºC 15 d myosin complex CC GO:0016459 6 0.04791504 

condensin complex CC GO:0000796 3 0.04791504 

chromatin CC GO:0000785 25 0.04204288 

cytoskeleton CC GO:0005856 26 0.04204288 

nucleosome CC GO:0000786 25 0.02500058 

protein-DNA complex CC GO:0032993 25 0.02500058 

cytoskeletal part CC GO:0044430 22 0.02500058 

dynein complex CC GO:0030286 7 0.02500058 

membrane-bounded organelle CC GO:0043227 115 0.02500058 

intracellular membrane-bounded 
organelle 

CC GO:0043231 115 0.02500058 
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��ƛƤǹǵɈÂǶ�ɭŰǙȰ
��ƅ�ɓŗƏÍàǾȧ£�w�Ə;

�ȷȠ�½Ȭ £�ȭǻ� KEGG ȷȠťɄx¼ɛYŀ�� 4.7�4.8 � 4.9��

ɭŰ¦Ƅ 3 hƏÍàǾȧ£�¼ɛa� 110�ȷȠ�K�įǭ¼ɛa 14�ȷȠ

�ɔæⅢ���Ȃw�ȷȠĵĂuƏkÊ��ȵȶé�Antigen processing and 

presentation��ªžƠƏ¿�ȖĖȶé�Longevity regulating pathway - multiple 

species��ĶƌřƋƌ�Prion diseases��O�ǩƌ�Legionellosis��NșǊǴ

ƍƏkÊȶé�Protein processing in endoplasmic reticulum�ƫ�w�NșǊǴƍ

ƏkÊȶéƏ£�ģƓĴª�oĉ 5�ŹŶǴƍ HSP�3�ı4Ǵƍ CRYAB�

BAG2�)�ƏŹŶǴƍ�ı4Ǵƍȫw�aªžƠƏ¿�ȖĖȶéƫK'¼ɛ

ȷȠ�ɘ� 5�ŹŶǴƍ�ȫĵ	�ƺƼǴƍɀ Cathepsin Lw�ĂuƏkÊ�

�ȵȶé� 

�

 
� 4.7 ɭŰ¦Ƅ 3 hÍàǾȧ£�Ə KEGGťɄYư�¼ɛǀŁ 

Figure 4.7 KEGG annotation and enrichment of DEGs at 3 h. 
 

ɭŰ¦Ƅ 6 hƏÍàǾȧ£�I¼ɛa 93�ȷȠ�K�įǭ¼ɛa� 3�

ȷȠ�ɔæⅢ��Y`ĮĂuƏkÊ��ȵȶé�ªžƠƏ¿�ȖĖȶé�Nș

ǊǴƍƏkÊȶé�ĵ 3�ŹŶǴƍ� 1� Cathepsin Lw��ĂuƏkÊ��

ȵȶé�¼ɛaªžƠƏ¿�ȖĖȶé�NșǊǴƍƏkÊȶéƏ£��� HSP

� CRYAB��
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� 4.8 ɭŰ¦Ƅ 6 hÍàǾȧ£�Ə KEGGťɄYư�¼ɛǀŁ 

Figure 4.8 KEGG annotation and enrichment of DEGs at 6 h. 

 

 

 
� 4.9 ɭŰ¦Ƅ 12 hÍàǾȧ£�Ə KEGGťɄYư�¼ɛǀŁ 

Figure 4.9 KEGG annotation and enrichment of DEGs at 12 h. 
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 4.4 
��	�����
��� KEGG������ 
Table 4.4 KEGG enrichment of DEGs under short-term heat stress 

KEGG�� -LOG10(FDR) ���� DEGs 
 3 h 6 h 12 h 3 h 6 h 12 h 
Antigen processing and presentation 4.89  2.80  2.24  CTSL, HSP70, HSP90A CTSL, HSP70, HSP90A CTSL, HSP70, HSP90A 
Longevity regulating pathway - multiple 
species 4.57  2.80  2.02  HSP70, CRYAB HSP70, CRYAB HSP70, CRYAB 

Prion diseases 4.06  ns 1.70  HSP70, STIP1 0 HSP70, STIP1 
Legionellosis 3.76  ns 1.53  SdhA, HSP70 0 SdhA, HSP70 

Protein processing in endoplasmic reticulum 3.76  1.73  1.40  HSP70, HSP90A, CRYAB, 
BAG2 

HSP70, HSP90A, 
CRYAB 

HSP70, HSP90A, CRYAB, 
FBXO2 

Measles 2.51  ns ns HSP70 0 0 
Estrogen signaling pathway 2.51  ns ns HSP70, HSP90A 0 0 
Toxoplasmosis 2.13  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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Figure 4.10 DEGs of FOXO signaling pathway at 15 d. 
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� 4.5 ���	��������� KEGG�
��
� 
Table 4.5 KEGG enrichment of DEGs under long-term heat stress 

�� -LOG10(FDR) ���� DEGs 
 5 d 10 d 15 d 5 d 10 d 15 d 
Antigen processing 
and presentation 

2.11  ns ns CTSL, HSP70, HSP90A, HSPA5 0 0 

Prion diseases 1.54  ns ns HSP70, HSPA5, STIP1 0 0 
Cell cycle 5.70  2.41  14.59  MCM5, MCM7, MCM4, CDC6, 

CDC7, MAD2, MCM3, MCM6, 
SKP1, EP300, PCNA, CCNE, 
CDC45, ATR, CHEK2, TTK, 
CCND2 

MCM5, MCM7, MCM4, CDC6, 
CDC7, MCM3, MCM6, SKP1, 
CDC20, EP300, CCNB1, CCNE, 
CDC45, ATR, CHEK2, TTK 

CDK1, MCM5, MCM7, MCM4, 
CDC6, CDC7, MAD2, MCM2, 
MCM3, MCM6, ORC3, SKP1, 
CDC20, SKP2, EP300, SMAD4, 
ATM, PCNA, CCNB1, CCNE, CCNA, 
CDC45, PLK1, ATR, CHEK2, 
PRKDC, TTK, CCND2 

DNA replication 4.19  1.76  4.16  MCM5, MCM7, MCM4, POLA2, 
POLE, POLD2, MCM3, MCM6, 
PRI1, PCNA, RFA1, RFA2, 
DNA2, LIG1 

MCM5, MCM7, MCM4, POLE, 
POLD2, MCM3, MCM6, PRI1, 
RFA1, RFA2, DNA2, RFC3 

MCM5, MCM7, MCM4, POLA2, 
POLE, POLD2, MCM2, MCM3, 
MCM6, PRI1, PRI2, PCNA, RFA1, 
RFA2, DNA2, LIG1, RFC2_4, 
RFC3_5 

Cell cycle - yeast 4.19  2.06  8.73  MCM5, MCM7, MCM4, CDC6, 
CDC7, MAD2, MCM3, MCM6, 
SKP1, CDC45, CHEK2, SMC2, 
YCG1, TTK 

MCM5, MCM7, MCM4, CDC6, 
CDC7, MCM3, MCM6, SKP1, 
CDC20, CDC45, CHEK2, SMC2, 
YCG1, TTK 

MCM5, MCM7, MCM4, CDC6, 
CDC7, PRMT5, MAD2, MCM2, 
MCM3, MCM6, ORC3, SKP1, 
CDC20, CDC45, CHEK2, SMC2, 
BRRN1, YCS4, YCG1, TTK 

Hedgehog signaling 
pathway - fly 

1.50  ns 5.30  SKP1, FU, EN, SPOP 0 SKP1, PKA, HH, SMO, FU, SPOP 

Meiosis - yeast 1.37  ns 1.72  MCM5, MCM7, MCM4, CDC6, 
CDC7, MAD2, MCM3, MCM6, 
CDC45 

0 MCM5, MCM7, MCM4, CDC6, 
CDC7, MAD2, MCM2, MCM3, 
MCM6, ORC3, CDC20, PKA, CDC45 

Alcoholism ns 2.06  1.33  0 CALM, PKA, ATF4, GNAO, 
GRIN2B, SLC18A1_2, H2A, 
H2B, H3, H4, HAT1 

CALM, PKA, ATF4, GNAO, 
SLC18A1_2, H2A, H2B, H3, H4, 
HAT1 
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Fanconi anemia 
pathway 

ns 1.93  2.81  0 RAD51, ATR, RFA1, RFA2, 
FANCD2, FANCI, BLM, BRIP1 

RAD51, ATR, RFA1, MLH1, RFA2, 
PMS2, FANCD2, FANCI, FANCM, 
BLM 

Lysosome ns 1.47  ns 0 GNS, uidA, FUCA, CTSL, 
GLB1, SLC11A1, HEXA_B, 
NPC1, NPC2 

0 

Glycosaminoglycan 
degradation 

ns 1.47  ns 0 GNS, uidA, GLB1, HEXA_B 0 

Homologous 
recombination 

ns 1.47  1.56  0 POLD2, RAD51, RFA1, RFA2, 
RAD54L, RAD54B, BLM, 
BRIP1 

POLD2, RAD51, ATM, RFA1, RFA2, 
RAD54L, RAD54B, BLM, BRCC3 

p53 signaling 
pathway 

ns 1.47  2.63  0 PTEN, CCNB1, CCNE, ATR, 
CHEK2, RRM2 

PTEN, CDK1, ATM, CCNB1, CCNE, 
ATR, CHEK2, CCND2, RRM2 

Pathways in cancer ns ns 3.56  0 0 GST, PTEN, CALM, FZD9_10, SKP1, 
SKP2, HSP90A, PKA, RAD51, 
EP300, SMAD4, XIAP, ITGB1, 
PLCB, SMO, CCNE, CCNA, BIRC5, 
MLH1, MSH2, MSH6, HEY, TRAF4, 
CCND2 

Oocyte meiosis ns ns 3.14  0 0 CDK1, CALM, MAD2, CPEB, SKP1, 
CDC20, PKA, PPP3C, CCNB1, 
CCNE, PLK1, AURKA 

FoxO signaling 
pathway 

ns ns 3.14  0 0 PTEN, PCK, SKP2, EP300, SMAD4, 
ATM, CCNB1, PLK1, PLK4, FOXG, 
CCND2, PRMT1 

TGF-beta signaling 
pathway 

ns ns 3.06  0 0 SKP1, EP300, SMAD4, FST 

Mismatch repair ns ns 2.63  0 0 POLD2, PCNA, RFA1, MLH1, 
MSH2, MSH6, RFA2, EXO1, LIG1, 
RFC2_4, RFC3_5, PMS2 

Herpes simplex 
infection 

ns ns 2.61  0 0 CDK1, PER2, SKP1, TAF5, SKP2, 
EP300, EIF2AK3, THOC4, SFRS7 

Wnt signaling 
pathway 

ns ns 2.32  0 0 FZD9_10, SKP1, PKA, PPP3C, 
EP300, SMAD4, PLCB, CCND2 
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Circadian rhythm ns ns 2.32  0 0 PER2, SKP1 
Prostate cancer ns ns 2.29  0 0 GST, PTEN, HSP90A, ATF4, EP300, 

CCNE 
Hepatitis B ns ns 2.26  0 0 PTEN, ATF4, EP300, SMAD4, 

PCNA, CCNE, CCNA, BIRC5 
HTLV-I infection ns ns 1.72  0 0 POLE, POLD2, MAD2, FZD9_10, 

CDC20, PKA, PPP3C, ATF4, EP300, 
SMAD4, XIAP, ATM, PCNA, ATR, 
CHEK2, TRRAP, MSX, CCND2 

Hedgehog signaling 
pathway 

ns ns 1.72  0 0 PKA, SMO, LRP2, CCND2, SPOP 

Glucagon signaling 
pathway 

ns ns 1.56  0 0 LDH, PCK, CALM, FBP, PKA, 
PPP3C, ATF4, EP300, PLCB, PRMT1 

MicroRNAs in 
cancer 

ns ns 1.56  0 0 DNMT1, PTEN, EP300, ATM, CCNE, 
CCND2, TPM1, TRIM71 

Progesterone-
mediated oocyte 
maturation 

ns ns 1.44  0 0 CDK1, MAD2, CPEB, HSP90A, PKA, 
CCNB1, CCNA, PLK1, AURKA 
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Figure 4.11 Visualization of gene co-expression network 

N��A�I+c[GT)'I+S6$|�MEs�V1Jc[)�AZI+��V�\�
2�'4xVL�d+lZ��I+�W"V�dlZ"��d+�R)
]dlZ�w<

5�~ +1��gdlZ�w<5�~ 0���B��Dv� 500�,(V:9{ Y��TOM�

R)�AZ�,(��Vz.�\�L�k/�.3��,(�O�dlZ�:9{ �P]

dlZ�:9{ �8%X* 36�HC
�,(.Vlr�B�W�7�,(GT)'I
+��)U	"V�dMX2q'�x=`�(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. 
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Table 4.6 The most highly connected hub genes in the candidate modules 

I+�d ,( ID =u 
blue PPU15815-RA Protein FAM50 homolog 

brown PPU08660-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 
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Figure 4.12 Identification of modules related to long lifespan of P. puparum 

under heat stress. 
N��A�I+-7TW�7R)�L�ky@��I+VS6$|�ME��I+V#-*

R)2�U?-'d+Fm�̂ ��lV7T@jh}0i/&p~�L���
Fm�s
�I+
~/&VW�7' p ���
 p �*;!
F��p<0.05 lZnI+
~/&7

TAfW��gdlZoW��� -1��]dlZI+'7T��VKW��� + 1���B�

I+ blueV GS'MMVW�7>Q)�L�QlZ��,(��C�I+ brownV GS'

MMVW�7>Q)��D�I+ pinkV GS'MMVW�7>Q)��E�I+ purpleV
GS'MMVW�7>Q)��F�I+ yellowV GS'MMVW�7>Q)�(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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Figure 4.13 Gene network visualization using CytoHubba. 
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t_lZ��,(�V�\�Each node (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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PPU08530-RA

PPU06807-RA

PPU09993-RA

PPU06466-RA

PPU03107-RA

PPU07935-RA

PPU15685-RA

PPU14830-RA

PPU11605-RA

PPU14689-RA

PPU13765-RA

PPU06370-RA

PPU06895-RA

PPU11712-RA

PPU12510-RA

PPU03551-RAPPU13149-RA

PPU03704-RA

PPU16818-RA

PPU09357-RA

PPU05075-RA

PPU04336-RA

PPU04974-RA PPU16830-RA

PPU09192-RA

PPU04148-RA

PPU07997-RA

PPU09239-RA

PPU11656-RA

PPU03674-RA

PPU12300-RA

PPU09984-RA

PPU12643-RA

PPU08585-RA

PPU06168-RA

PPU15439-RA

PPU03407-RA

PPU06321-RA

PPU07658-RA

PPU10131-RA

PPU01222-RA

PPU14205-RA

PPU12384-RA
PPU16572-RA

PPU16715-RA

PPU10449-RA

PPU07654-RA

PPU16234-RA

PPU01177-RA

PPU14067-RA PPU15773-RA
PPU00866-RA

PPU09663-RAPPU00892-RA PPU16233-RA
PPU07010-RA

PPU05520-RA PPU04626-RA

PPU07726-RA

PPU14767-RA

PPU05796-RA

PPU11811-RA

PPU03573-RA

PPU10765-RA
PPU08466-RA

PPU05885-RA

PPU11653-RA

PPU16822-RA

PPU06615-RA

PPU02803-RA

PPU14531-RA

PPU03644-RA

PPU04831-RA

PPU16403-RA

PPU07706-RA

PPU10887-RA

PPU06268-RA

PPU07692-RA PPU04839-RA

PPU04656-RA

PPU13877-RA

PPU10525-RA

PPU10515-RA

PPU01044-RA

PPU07592-RA

PPU08000-RA

PPU02597-RA

PPU07277-RA

PPU06204-RAPPU11098-RA
PPU03746-RA

PPU12616-RA

PPU03690-RA
PPU07350-RA

PPU07404-RA

PPU11890-RA

PPU13051-RA

PPU12613-RA

PPU09786-RA

PPU12302-RA

PPU01053-RA

PPU15701-RA

PPU08829-RA

PPU13828-RA

PPU14198-RA

PPU13267-RA

PPU14042-RA

PPU09440-RA

PPU10750-RA

PPU00060-RA

PPU01716-RA PPU15088-RA

PPU16042-RA

PPU16435-RA

PPU04605-RA

PPU10162-RA

PPU07699-RA

PPU02661-RA PPU01576-RA

PPU05695-RA

PPU03478-RA
PPU10965-RA

PPU01331-RA
PPU08409-RA

PPU10664-RA

PPU13062-RA

PPU04112-RA

PPU14836-RAPPU13554-RA

PPU02671-RA

PPU08803-RA

PPU16676-RA

PPU13185-RA

PPU06969-RA

PPU10041-RA

PPU01812-RA

PPU08665-RA

PPU07948-RA
PPU13498-RA

PPU07543-RA

PPU05224-RA

PPU16616-RA

PPU11379-RA

PPU06253-RA

PPU00422-RA

PPU09664-RA

PPU15815-RA

PPU07261-RA

PPU11773-RA

PPU10305-RA

PPU16834-RA

PPU16427-RA
PPU04131-RA

PPU03014-RA

PPU15624-RA
PPU01736-RA

PPU05430-RA

PPU03455-RAPPU00328-RA

PPU15994-RA

PPU03217-RA
PPU01583-RA

PPU16567-RA

PPU10036-RA

PPU07257-RA
PPU10302-RA

PPU06955-RAPPU07079-RA

PPU09648-RA

PPU10167-RA

PPU01272-RA

PPU03220-RA

PPU15477-RA

PPU13400-RA

PPU00804-RA PPU03794-RA

PPU12736-RAPPU16943-RA

PPU12306-RA

PPU05085-RA

PPU10030-RA

PPU12965-RA

PPU16749-RAPPU03578-RA
PPU05913-RA

PPU14866-RA

PPU02432-RA

PPU03831-RA

PPU02108-RAPPU01595-RA

PPU04477-RA

PPU11519-RA

PPU11226-RA

PPU05064-RA

PPU08124-RA

PPU10709-RA
PPU04108-RA

PPU06090-RA

PPU05462-RA

PPU11953-RA
PPU04411-RA

PPU07330-RA

PPU14775-RA

PPU08010-RA

PPU10902-RA

PPU04175-RA

PPU03896-RA

PPU06388-RA

PPU03589-RA

PPU08531-RA

PPU02042-RA

PPU16074-RA

PPU02090-RA

PPU13425-RA

PPU15579-RAPPU12448-RA

PPU06637-RA

PPU12503-RA PPU01771-RA

PPU10198-RA

PPU12446-RA

PPU10601-RA

PPU11354-RA
PPU14509-RA

PPU12548-RA

PPU04215-RA

PPU10988-RA

PPU06910-RA

PPU04070-RA

PPU10178-RA
PPU07287-RA PPU15755-RA

PPU16460-RAPPU13156-RA
PPU06582-RAPPU07804-RA

PPU11646-RA
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� 4.7 CytoHubba� 12�
��	����
�� 
Table 4.7 Top-ranked genes for 12 scoring methods in CytoHubba 

��	� ID MCC DMNC MNC Degree EPC Bottle 
Neck 

EcCentric
ity Closeness Radiality Betweenness Stress Clustering 

Coefficient 
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  

PPU08124-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  23.91  11.00  0.07  36.20  1.71  1216.95  2914.00  0.03  

PPU16943-RA 10.00  0.31  2.00  10.00  25.20  9.00  0.07  37.60  1.81  906.27  2302.00  0.02  

PPU04131-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  

���
 CytoHubba��� 12��
�������	�� Degree���The genes are ranked by Degree, calculated according to 12 topological analysis 
methods provided by CytoHubba. 



��
��	���������������������������������������������!���"
�� �����

	��

2.5 ÊÛǐǭ��Ų RT-qPCRȪǘ 

Ƣ�ǪÞƞÊÛǐǭ��� WGCNA YĭƢĮ�Ǹú�
 ���lûŜ

ŘǉŰ�ƞƠǉŰȂƎ���ȫŕƷǶ¡Ŧ�ȇĒ{Ķ�ǴǏ qPCRĺȪ�ÃƑ

ȫŕ�Ïŕ
ǳ ��Ų³ȈƢĮ�ǪÞƞŐÕŲƢĮ¯�
³ŲÊÛ�3ê5

ŲǐǭǨk§ǀŶ��� 4.14�� 

 
� 4.14 ǪÞƞ�ÊÛ��ŲǐǭȈwL qPCRƢĮŅǬ 

Figure 4.14 Comparison of fold change in gene expression from DEGs and qPCR 
results. 

e�̂ 1[����;�r 6
o*�a�{1[� log2FC�
�{1[� RNA-seq~Y�
�Zl.�v�_�{1[� qPCR~Y��M|.�v�The x-axis is the six sampling time 
points. The y-axis is log2FC. 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 ?Ǹ���Ŝ×Řy×�ŲhƼſƉ 

'�Ď�ŲǪÞƞÊÛǐǭ��ŲƏǸ¹Ț� WGCNA YĭƢĮ��Ȋ³

W�
 ?ǸŲKȌ���� qPCRĺŐƀ³�ǳ ��ïŶK���×ŜƷǶ

¡ŦŲ�ȟé��ºǳ ?Ǹ��ǴǏ RNAÐò´Ȫ�ơǯĜãō½xȋ RNA

ŲǍǊȉ¿ǋțǊ� 3 dÉ�Ƭm��Ƭm� 48 h{ĶĺŐxȋ RNAŲÐòĊ

ţ�� 4.15�� 4.16�� 
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º��JǐǭƩƣŲV�KȌ��ǴǏ RNAÐòŲĜƂ�RNAÐò PpELL

ĊĮīĜǆ�dsPpELLŲǐǭȈ$�ºŞƞŲ 0.13�ÐòĊţ� 87.0%�p=0.0002�

� 4.15 A��PpXAP5ŲÐòĊĮĜǆ�dsPpXAP5ŲÐòĊţ� 69.3%�p=0.0322�

� 4.15 B��PpCathLŲÐòĊĮǭ`īĜǆňÑ�dsPpCathLŲÐòĊţ� 66.9%

�p=0.0063�� 4.15 C��dsPpPPP6A ŲÐòĊţ� 47.7%�ǐǭȈĜǆȕ4

�p=0.0320, � 4.15 D�� 

ƤǕ RNAÐò�ŲǍǊȉ¿ǋțǋŲ¼��ŧ¯ġƝǐęō½ dsPpELL�

ǍǊȉ¿ǋŲ¼�ŶŅō½ dsLucŲºŞƞĜǆƨŽ�p<0.0001��Ñ�¼��

5.9 dŶŅºŞƞŲÑ�¼� 21 dƨŽ� 72%�� 4.15 E��ō½ dsPpXAP5�

ǍǊȉ¿ǋŲÑ�¼�� 7.0 d�ŶŅºŞƞŲÑ�¼� 13 dĜǆƨŽ�p<0.0001�

� 4.14F��ō½ dsPpCathL �ǍǊȉ¿ǋŲ¼�Ñ�¼�� 9.4 d�ŶŅō½

dsLucŲºŞƞĜǆƨŽ� 18%�p<0.0001�� 4.15 G��ō½ dsPpPPP6A�Ǎ

Ǌȉ¿ǋŲÑ�¼�� 12.3 d��ō½ dsLucºŞƞŲÑ�¼� 11.5 dŶŅĕĜ

ǆÊÛ�p=0.9172�� 4.15 H�� 

 
� 4.15 xȋ RNAºŴĳ��ŲÐòĊţw¼�ƤǕ 

Figure 4.15 RNAi efficiency and lifespan influence of five dsPpCRYAB 
e�Zl.r x���e:r dsRNA�y���@Lr3-rt8��dA�RO�A0�
±[��?�v��� Student’s tf¢�	�tC8jtc*�v p<0.05�**�v p<0.01�
"***�v 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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ǪÞƞČÿ��Ĥ 5� CRYAB���¥�ėĥÊÛǐǭÒĜǆ¹Ț`�¼

�ŶKǹǩ�PpCRYAB1ĚL�ǐǭȈ�i>Čģ§Ų CRYAB���ǹǯȇ£

ŜƷǶ¡ŦŲ qPCR ĺȪ�ƀ³� PpCRYAB1 ºȫŕŤ�Ų�×�ō½xȋ

dsPpCRYAB1ǴǏÐò��PpCRYAB1ǐǭȈ
ȕ�ºŞƞŲ 0.03�ÐòĊţȫ

ǭ 96.7%�p=0.0154�� 4.16 A��ŝư�ō½ǯ dsPpCRYAB1ŲǍǊȉ¿ǋÑ

�¼�� 12.6 d�ŶŅºŞƞŲÑ�¼� 13.0 dŉĤÊÛ�� 4.16 B�� 

 

� 4.16 xȋ RNAº PpCRYAB1��ŲÐòĊţw¼�ƤǕ 
Figure 4.16 RNAi efficiency and lifespan influence of five dsPpCRYAB1. 

e�Zl.r x���e:r dsPpCRYAB1�y���@L' PpCRYAB1rt8��dA�
RO�A0�±[��?�v��� Student’s tf¢�*�v p<0.05�The x-axis in the bar graph 
represents the injected dsRNA and the y-axis represents the relative expression levels of 
dsPpCRYAB1. Data are represented as mean ± standard error.� Student’s t-tests were performed, 
*means p<0.05. 

 

ÊÛ��ŲYĭƢĮĜƂĤ 5� PpCRYAB��ǿ�ŜbŘ�ǐǭȈĜǆ�

i�ưpŢÐò PpCRYAB1 ºǍǊȉ¿ǋŲÑ�¼�ŉĤ#ŧĜǆß��ąŐ

±+Ų7ŨēÜ�ƼĚŶ2�ȧ�ÜŲ��Ŀ�ă
Ī¾ȡ�Ðò PpCRYAB1�

PpCRYAB2�PpCRYAB3�PpCRYAB4� PpCRYAB5Ųxȋ RNAƎȈœ�Ò�ė

ō½ǴǍǊȉ¿ǋțǊ��ĺŐÐòĊţÒǴǏ¼�ƤǕ�qPCRƢĮĜƂ�ð

Ĥ 5 � PpCRYAB ŲǐǭȈǿĤ
ȕ�L� 3 ���ŲǐǭȈǑĜǆȕ4�

dsPpCRYAB1ŲÐòĊţ� 77.0%�p=0.0326��dsPpCRYAB2ŲÐòĊţ� 63.9%

�p=0.0109��dsPpCRYAB3ŲÐòĊţ� 73.4%�p=0.0006��dsPpCRYAB4Ų
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ÐòĊţ� 58.2%�p=0.0987��dsPpCRYAB5ŲÐòĊţ� 40.8%�p=0.0659��

œ�ō½ dsPpCRYAB ŲǍǊȉ¿ǋ¼�ŶŅ dsLuc Ĝǆȕ4� 47.8%�Y_�

6.0 d� 11.5 d�� 4.17�� 

 
� 4.17 xȋ RNAº 5� PpCRYAB��ŲÐòĊţw¼�ƤǕ 

Figure 4.17 RNAi efficiency and lifespan influence of five dsPpCRYAB. 
e�Zl.r x���e:r dsRNA�y���@Lr3-rt8��dA�RO�A0�
±[��?�v��� Student’s t f¢�	�tC8jtc*�v p<0.05�***�v p<0.001
�" ns�v 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. 
 

3 
� 

ǪÞƞŐÕ�*ƘƤ�ǚ_ȫŕƷǶ
·ŧǋY®ňÑŲ<�}m�ȤŐL

5Ou�Ŝ×ŘŲhƼƒ�<�ǹǩ�:�ſƉǍǊȉ¿ǋ�×�ºõŜƷǶŲ

Y®ħa�ĦƌǸ{�ǍǊȉ¿ǋțǋŲîǈĶ�Y_ºŽĥ�ȍĥȫŕ�35ºC�

¡Ŧ�ŲƘƤǴǏ� RNAŐÕ�ǹǯȫǤȈŲŐÕƞǒƢ�ËŻŲ��ƞČÿ�

â`� 14,946 ���ŲǐǭļÜ��ȫŕ¡ŦŲǯƇ�ÊÛǐǭŲ��Ĥ 388

��*ōȅ`hƼ����ŧ�ȒŁ��ÊÛ�Ǡ�
ǠŲ��ČŴ§ǀŶƎ� 
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GO � KEGG ŲhƼōȅ�¹ȚYĭĆǷ�ÊÛǐǭ��ŲhƼ�u�Ų

ŧŦǯƇ�Žĥȫŕsg
��ǓĚņmǲt�)ǡǯƇ}m*�×ŜĠȝ�ȍ

ĥŲȫŕsg
�ƟƹO DNA£a�ǪÞ�ƭǛƎŎjie�Žĥȫŕ¡ŦÝ

ǧŲÊÛ���ǓĚŜŘǉŰ¶Ĕ���lûHSP70�HSP90� sHSP�CRYAB��

¹Ț�õtiÈ�OǤƩǉŰiÈ�¼�ǠĄǹǩ�ǳ
ƢĮ�Įǌ�ǎȬǦŹ

ǋŕØƷǶǪÞƞŲƢĮŶ2 (Liu et al., 2020)�HSP90��ŲǪÞ�ŜǞ»¡

ŦŲȭƾĮǌÓǈ�Ĝǆ�Ǡ��ǉŰňÑ�i (Neal et al., 2006)�ȍĥȫŕ¡

ŦÝǧÊÛǐǭŲ���ǓĚ�ƄǪÞ�®��·ŧǋƮȮȒŁ�ÊÛ��Ĝǆ

¹Ț` FOXO <�ǹǩ�7�
�IǖŲ¼��®�FOXO <�ǹǩŲĜǆ}

m�Ƽu��×ŜƷǶŲY®ħa� 

ǹǯĬÚiĨ��JǐǭƩƣ�ĸÿ��ǐǭļÜ¾ðĤ��Y� 35�ļ

��¾ļ��ȫŕƷǶŲéšŶKƱ�ĦſƉó`��Ƽ�ȫŕƷǶéšŶKŲ

V�ļ��ăźĸÿ MM � GS ŲŶKéƏǸW��Ƽ�ȫŕƷǶß�KƘģ

¸ZŲļ��ȗ��ºķäļ�ǴǏǴ
ŀŲYĭȤŐ�V��ƼŲǠĄ¼�Ų

KȌ���ǹǯ³Ȉ PCRĺŐ� RNAÐò´Ȫ�Ȫǘ�V� sHSP�ǍǊȉ¿

ǋ�×ŜƷǶŲ×Řy×�ŲĤų7Ũ�œ�ō½Ðò 5� PpCRYABŲ dsRNA

�ǍǊȉ¿ǋîǈ¼�Ųèe
ȕ�ǐę PpCRYABº·ŧǋõŜ×ŘéĤȇǓ

7Ũ�@âōìŲĚ��Ðòp�� PpCRYAB1ė��îǈƬm�Ųc 12dŲė

ȏȆ�ō½ dsPpCRYAB1 Ų¡ŦƞŶŅºŞ�Lŧ¯ġƝĤ
�ęĜŲ
ȕ�

3 12d �ŲġƝyư¼�Ģȍ�ǳ�Ƽǟęȫŕ¡Ŧ.üƥǞ» PpCRYAB1 Ų

ǐǭ�� dsPpCRYAB1 ŲÐòĊĮ�ª���îǋăǱƮȮĥė PpCRYAB1 Ų

ǐǭȈ�Ǡ&ŝ�*Ùȍ·ŧǋ�ŜƷǶ7Ũ
Ų¼�� 

�ė�ǹǯō½ dsRNA ºǊĥǍǊȉ¿ǋY_ȕ4 PpELL�PpXAP5 �

PpCathL ŲǐǭȈ�Ƭm�� 35℃ȨN�·ŧǋŲîǈ¼�ŶŅºŞƞĜǆȕ

4�ǖ� PpELL�PpXAP5� PpCathLĚǍǊȉ¿ǋŲŜƷǶ�×ǯƇ�ŲKȌ

���PpELLƧž
�ǪÞ1ȍ�®�LĮǌ�Ų�Ŗ�� dELL�č�zƳǯ

Ƈ�Ų�ƄƞƠ�Ų��ǐǭ�MĤÔŌŲ7Ũ�Ƽ=Ȧ�ƄƊ}ǐ��º¥Ƅ

��ŲľÏǐǭĚåǓŲ (Eissenberg et al., 2002)�dELL�*ôa RNAƲ�Ȃ

II ŲŽĞBȣĪćȫLCmǺţ��*Ǡǂ Ras � Notch <�ǹǩ (Eissenberg 

et al., 2002)�Ɵƹ´Ȫ�ǘ´� p53� ELL�ȏ¯�Ŷ�ôaŲŶ�7Ũ��Ħ
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ſƉ��ĸÿÊÛ��Ųǹǩ¹ȚëQ�ąŐ PpELL �ƼĚǹǯ p53 <�ǹǩ

ï�LŶKŲ FOXO<�ǹǩzý7Ũ��ȁł�ŲſƉĜƂ�XAP5�ǁŇȃ

=Ȧ�ǧ7Ũ�u�ĲǁǤŲǠĄ��ƞǉŰ}5 H2A.Z J�7ŨôaÛÏǪ

Þ (Anver et al., 2014)��ùqǃ��XAP5�7�F/í��u�ě¦�ĥ�Ų

FǠǂ�XAP5¶ĔǉŰ�Ÿķŧş�ȫØ;²�±+���ŧş��ƼMĤŶ

2ŲY®hƼ (Ellison et al., 2011)�ũĿąŐ PpXAP5�ŜƷǶŲ�×ĤźƔ2

Ų/í��ôaÛÏǪÞ;öƟƹŲhƼ�r%ƙ CathepsinÆ�ǉŰȂ¶Ĕ�

ũ�Ňȃ�̈ ȎPŇȃ�oƺŇȃƴȂƞî�ǐťWOƴȂï¤ƴȂŲŎé (Cao 

et al., 2017)�oƺŇȃǉŰȂ Cathepsin LǹÏ�řŮĩ,
ǑŘŎ��ƟƹU

!�õt¡Ŧ�ƶůŲzŧ�ǪƆ�ƵƽŬŭ�ŭńíĲƎĤK (Fonović and Turk, 

2014)�ôa Cathepsin L ÏǑ7�
ƄŊūéȡŚ��ťĤǥď�©
ǀŲĚ�

ĦſƉ� PpCathL ŲǐǭȈȕ4�ȫŕ
.ĜǆƨŽǍǊȉ¿ǋ¼��ǟę±

ŲǞ»º·ŧǋ�Ŝ×Ř
Ųŧ¯ĚĤųŲ�ǳ
ƢĮ�ƼğƂ PpCathL ��

MĤxŶé�ȗŤ�ĩ,ŲÊÛº·ŧǋŲ¼�ǐťWÙȍïƨŽ�Ƅ7Ũ�
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	 PpNSRV-1�������������� 

ŭńïƔŭńȥƕ VLPs�virion-like particles�7�
ƄŤ�×Ř�ƙ��

¥Ƅ·ŧǋ�ȏ¯�ÔŌư¸ZŲ�7KƘ��Ħ´Ȫµ�cŲſƉ��Wang 

et al. (2017)�ǍǊȉ¿ǋ�zť�
ƄĒŲȞǂŁǣ�pȋ RNAŭń����

ǍǊȉ¿ǋǣȋŭń PpNSRV-1�Òº PpNSRV-1�·ŧǋƄƫ�ŲŏǏYÍë

Q�Lº·ŧǋŲß�ǴǏ�ſƉ�ǝſƉzť�ŭń PpNSRV-1YÍ�ÎńǍ

Ǌȉ¿ǋ��ƞƠ��¯���țǋ�șǋŲ��zƳȒŁ	PpNSRV-1Ųŭń

Ȉ�ǍǊȉ¿ǋîǋƬm�Ų 4 d*OǮǺƅƛÒ� 5 dÉ�ǭ`Ç@	Îń·

ŧǋ�ƘŶŅ��Îń·ŧǋ�ƘŲ¼�ĜǆÙȍ��ǳƄȍ¼ŲĊĮ�ȫŕ

35℃Ųĩ,
&ŝîƋ���Ǵ
ŀƀǖŭń PpNSRV-1º·ŧǋ¼�Ųß��

¾ŭńōG PpNSRV-1(-)�Ƙ·ŧǋ5Oâ`� Injected(+)ǍǊȉ¿ǋ�ºŞ]

ĚōGĕŭńƖćŒ�â`� Injected(-)ǍǊȉ¿ǋ�őȖ��ƘȏǼ/ƸĝŲ

ÊÛ�ŭń PpNSRV-1 ōG��ŭń�Ȉȗź·ŧǋ�đ�zƳ��ƈŀŲ�

i�Ƭm� 3 d�ŭńō½¡ŦŲ·ŧǋL5OŲŭń�Ȉ�ƿŝ�Ƙ·ŧǋ5

OŲŭń�ȈáăǱ�º Injected(+)� Injected(-)ŲǍǊȉ¿ǋǴǏ¼�ƤǕz

ť�Injected(+)·ŧǋŲ¼�ǓĜǆȍ� Injected(-)·ŧǋ�Ŵc PpNSRV-1ŭń

ǻîŲ¼�Ùȍ��)éŅ
ȕƎŧŦťǢŲY®ħŦ&�ŔĻ��Ħƌ��Á

ºÎŭń PpNSRV-1 Ų Injected(+)��ÎŭńŲ Injected(-)ǍǊȉ¿ǋǴǏ�Ǫ

ÞƞŐÕYĭ�*Ăƚ PpNSRV-1ºǍǊȉ¿ǋŲ¼�ǠĄħa� 

1 ����� 

1.1 9ǜĘǈwĶ�T¢ 

ǪÞƞŐÕÚÖðŨŲĚÎŭń PpNSRV-1 Ų Injected(+)��ÎŭńŲ

Injected(-)ǍǊȉ¿ǋțîǈ�ǍǊȉ¿ǋŲȨNēŋ�ƍ�ƌ 1.1�´Ȫµ

Injected(+)ǍǊȉ¿ǋƫ5ǹǯć{ŭń PpNSRV-1 ōG PpNSRV-1(-)�Ƙ·ŧ

ǋ5Oâ`�ōGĕŭńƖćŒâ` Injected(-)ǍǊȉ¿ǋ (Wang et al., 2017)�

Ń
)ǴǏŭń PpNSRV-1Ų qPCRĺŐ�Ǹ{ÎńŲǍǊȉ¿ǋțǋ�șǋD

Y"Ȁ�ĉȚ®)��´Ȫµǵƥ�N�)�Ǆâƈ³Îń Injected(+)ƫ5�ŭ

ń PpNSRV-1Ų qPCR³ȈĺŐuƯƍ�ƌ 1.4� 
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Y_�Ƭm� 12 hO�Ǘ³� 0 d��5 d�10 d� 15 d{ƈ³Îń Injected(+)

ǍǊȉ¿ǋțǋ7�ŭń¡Ŧƞ��Ķ�{�ÎńŲ Injected(-)ǍǊȉ¿ǋțǋ

7�ºŞƞ�Ń�¡ŦǗƪ 3�ȇ£�Ń�ȇ£ĉȚ 5«țǋ�Ũ TRIzol¡Ŧ

�æǺRS�-80℃
;¯�JĤ 8ƞ 24�Ķ�Ũ� RNA-Seqw�ƥÊÛǐǭ

Yĭ� 

1.2 RNA-seqĎÖĬÚwYĭ 

¾ Injected(+)� Injected(-)ŲǍǊȉ¿ǋțǋŲ 24 �Ķ�Y_÷ć RNA �

ǴǏǤĺ�Ķ�Ų¡Ŧ� RNA÷ćǯƇ�ƍ�ƌ 1.4�Ǥĺ�ĹŲĶ�ĬÚĎÖ

ǴǏŐÕ�ŐÕ�� HiSeq Ñ��ºǍǊȉ¿ǋŠ³ėȏŚǪÞŲðĤ mRNA

ǴǏŐÕ�́ ȪȄŨ Illumina TruseqTM RNA sample prep KitēŋǴǏĎÖĬÚ�

ĎÖĬÚŲĈ7ŏƇuƯƍ�ƌ 1.2� 

1.3 ��ǐǭYĭ 

uŞƍ�ƌ 1.3� 

1.4 ÊÛ�� GO� KEGGǹǩ¹ȚYĭ 

uŞƍ�ƌ 1.4� 

1.5 ��iĨJǐǭƩƣYĭ�WGCNA� 

ĸÿ WGCNA ŏƇ�ŨðĤ 24 �ĶĦŲ RNA-seq ČÿȚĬÚ���Jǐ

ǭƩƣ�ǯƇuƯƍ�ƌ 1.5�ȩEº��ƞČÿǴǏ¡Ŧ�Ũǯŗ�ŲČÿĬ

Ú�
���ŲJǐǭŶKéżȑ�Ũ powerǽăXČ¾ŶKéżȑǪþǽăż

ȑ�ƀ³ǫȐ@��8â��ǐǭKƘăǱĕÂØƩƣ�ŝ��ĬÚøñȇ~ż

ȑ�'ŵă�ȏă��ēȠƦ�Yĭ�����ȏŲKƘ��� TOM@ŲŶÛ

ØǴǏÄĽƲƔYĭ�â`ƲƔĴš��ŨjçfįŋǴǏļ�[Y�L�Ǘ³

ģ¿ļ�§¿� 30��Òļ�Ȑ@� 0.2���Ǚ0Jǐǭ��ƒ� PpNSRV-1

ŭńß�
ǍǊȉ¿ǋ¼�ŲŶKé�Ǘ³ðĤÎń Injected(+)¡ŦƞĶĦ� 0

�¼�Ùȍ���ÎńºŞƞĶĦ� 1�¼�ǬŽ��º
�ļ�ȆŲ��A�

îYYĭǕƐ ME�ȗ�ǕƐ ME �éš�ȏŲŶKéƘČ�ÅƂ�
�Ŝ��

ǕƐļ�Ų��ŶKé GS�ļ�î�MM�ǕƐ GS�MMŲŶKéÒ7ċŚ

��­Įı���Ų GS�MMăǱ� 1�]ǖ�ǝ���ļ��ŲL(��M

ĤǬȫŲľŶKKƘ��éšȫØľŶK�ƏǸW�éšȫØŶKŲŴĳļ��
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��Ǹúļ�O kME>0.8 Ų��7�à³ŲİƜ���ȗ��Ũ cytoscape Ų

cytoHUBBAǫ,ǕƐǂŚǵăØ�{ȟcŲ��7�İƜ��� 

 

2 	���� 

2.1 ǪÞƞƞǒǤȈ�ŐÕČÿ 

ºǤȈ=fǯŗ�ŲÕ\ǴǏČÿȈƤǕ�ǐ 5.1��Î PpNSRV-1ŭńŲ

FM+¡Ŧƞ��ÎŭńŲ FM-ºŞƞJ 24 �Ķ�JǄâ� 803,858,185 ĩȫǤ

ȈŐÕČÿ�HǾ 24 ƞŐÕČÿ Q30 Ɓ�űYŅ�§� 94%�ŐÕǤȈǬ¬� 

ǐ 5. 1 ǪÞƞŐÕ#ȈƤǕ 
Table 5.1 Transcriptome sequencing yield 

\,&w 4n B�R�W� u3R�bp� Error% Q30% GC% 
FM-Pp0d-1 Control 30608569 4413357555 0.0125 94.61 44.45 
FM-Pp0d-2 Control 30811050 4444960266 0.0125 94.57 44.57 
FM-Pp0d-3 Control 25150505 3611544246 0.0127 94.42 44.38 
FM-Pp5d-2 Control 30600584 4417935793 0.0122 95.14 44.91 
FM-Pp5d-3 Control 32023961 4623711643 0.0121 95.21 44.53 
FM-Pp5d-4 Control 46424212 6749465469 0.0122 95.04 45.83 
FM-Pp10d-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 94.92 44.24 
FM-Pp15d-2 Control 36171366 5252292049 0.012 95.24 44.37 
FM-Pp15d-3 Control 21486758 3100647657 0.0124 94.84 44.28 
FM+Pp0d-1 PpNSRV-1 26298715 3772752757 0.0126 94.43 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 94.59 44.48 
FM+Pp5d-2 PpNSRV-1 31151644 4478457002 0.0127 94.35 44.36 
FM+Pp5d-3 PpNSRV-1 35123679 5087512808 0.0122 94.95 44.75 
FM+Pp10d-1 PpNSRV-1 29922354 4319261895 0.0122 95.14 43.53 
FM+Pp10d-2 PpNSRV-1 31288108 4526567791 0.0121 95.24 44.43 
FM+Pp10d-3 PpNSRV-1 36170837 5253423120 0.012 95.27 43.82 
FM+Pp15d-1 PpNSRV-1 33267895 4815958697 0.0122 95.03 44.19 
FM+Pp15d-3 PpNSRV-1 28607469 4105780250 0.0124 94.79 43.83 
FM+Pp15d-4 PpNSRV-1 50675350 7405754092 0.0124 94.85 45.33 
e�Q30% �PhredR�5� 30ru3 I�u3rq�c�Error %�u3��m�GC %�
u3 G + C rR�I+ Iru3R�rq�c�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 ŭń PpNSRV-1º��ǐǭŲß� 

º��ƞ�ðĤ��ǴǏ�îYYĭ�� 5.1A��Ńƞ¡ŦŲ 3 �ŧş°

ȇ£{Ǥä7��ǵƝŲ 3�ȢŚ)ǐŃ
�ŧş°ȇ£���Ķ�ŲYÍëQ

ĜƂ�Ĥ 3�¡Ŧƞ� 3�ºŞƞŲĶ�ȇ£éǬ¬�ŉĤƃƫĶĦ�� 4�ŧ

�ȒŁ��
ėȏŲ FM+¡Ŧƞ� FM-ºŞƞ��Ũ�îY PC1�42.9%�ǴǏ

nY�FM+¡Ŧƞ� 0 d ėŲ��ȇ£Ķ�¯�
³ÊÛ�3Ń�ȇ£ǿ�Ũ

PC2�29.2%�� 0 dŲºŞƞĶ�ǴǏnY�FM-ºŞƞ� 5 dėŲ�FM-Pp5d-

4�ĶĦ�L(��ȇ£¯�ÊÛ���ƢĮŲTƀé���ƥYĭ�dȖ�ǳ


ĶĦ�� 4 �ŧ�ȒŁ��FM+¡ŦƞŶº�ºŞƞŲÊÛǐǭ���ǬÀ

�ȔÞⅤ��L� 5 dėŲÊÛǐǭ��ģ¥�Ĥ 18���Ĝǆ�Ǡ�73��

�Ĝǆ
Ǡ�� 5.1C��'ÊÛǐǭ��ŲČȈ�*ŷW�ŭń PpNSRV-1ºǍ

Ǌȉ¿ǋ5O��ǐǭÒŉĤǻîÔŌeśŲß��ºÊÛǐǭ��ǴǏYĭz

ť$Ĥ
��� PpspopB_1�PPU06594-RA�� 4�ėĥ�Ĝǆ
Ǡ�� 5.1F�� 
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� 5.1 Îŭń PpNSRV-1ŲǍǊȉ¿ǋǪÞƞYĭ 
Figure 5.1 Transcriptome analysis of P. puparum injected with PpNSRV-1 

e��A�\, PCA�X~Y�B�0 dT?F��3-g=.�C�5 dT?F��3-g
=.�D�10 dT?F��3-g=.�E�15 dT?F��3-g=.�F�?F��3-
�J. (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 ÊÛǐǭ��Ų GO� KEGGǹǩ¹ȚYĭ 

��Ǵ
ŀĂƉǍǊȉ¿ǋ|ŭń PpNSRV-1 ß�ŲÊÛǐǭ��ŲhƼ

�u�ŲŧşǯƇw<�ǹǩ�º�ėĥÊÛǐǭ��ǴǏ� GO � KEGG ǹ

ǩŲōȅ�¹ȚYĭ�ºÊÛǐǭ��ǴǏ GO¹Țzť�� 0 d�5 d� 10 dŲ

ǪÞƞ��ŉĤĜǆ¹Ț�$� 15 dėĜǆ¹Ț`� 3�ǹǩ�� 5.2��Y_

ĚŪ ƙŲYǔǯƇ�Chitin catabolic process �GO:0006032��Ň�ƗYǔǯƇ

�Amino sugar catabolic process�GO:0046348���ǇǅƗƻm�şŲYǔ)ǡ

ǯƇ�Glucosamine-containing compound catabolic process�GO:1901072�� 

 

 

 � 5.2 ÊÛǐǭ�� GOYĭƢĮ 
Figure 5.2 GO annotation of DEGs. 

e�.�{1[U?F��3-7��r GO  �^1[��-log10(FDR)�The vertical 
coordinates in the graph are the GO terms that differentially expressed genes were enriched to, and 
the horizontal coordinates represent -log10(FDR). 
 

ºÊÛǐǭ��ǴǏ KEGGǹǩ¹Ț�0 dÎńǪÞƞ�FM+0d vs. FM-0d�

ÊÛǐǭ��J¹Ț` 52� KEGGǹǩ�L� p< 0.5ŲĤ 4��ǐ 5.2��3
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ĵľ��ŉĤĜǆ¹Țǹǩ�L(ėĥǪÞƞÊÛǐǭ��Ų¹ȚƢĮ���Ŷ

2��ŉĤĜǆ¹Ț`-6 KEGGǹǩ� 

 

ǐ 5.2 ÊÛǐǭ�� KEGGǹǩ¹ȚƢĮ 
Table 5.2 KEGG enrichment of DEGs 

c�} �� ID KEGG�� ?F3-

Rs 
I3

-R Q� 

FM+0d vs 
FM-0d ko04152 AMPK signaling pathway 2 68 0.249837 

 ko04910 Insulin signaling pathway 2 77 0.249837 

 ko05033 Nicotine addiction 1 10 0.249837 

 ko04964 Proximal tubule bicarbonate 
reclamation 1 16 0.249837 

FM+5d vs 
FM-5d ko04514 Cell adhesion molecules (CAMs) 2 9 0.097918 

 ko04512 ECM-receptor interaction 2 20 0.249506 

 ko05414 Dilated cardiomyopathy (DCM) 2 25 0.258499 

 ko04914 Progesterone-mediated oocyte 
maturation 2 43 0.305827 

 ko04211 Longevity regulating pathway - 
mammal 2 44 0.305827 

 ko04611 Platelet activation 2 44 0.305827 

 ko04724 Glutamatergic synapse 2 44 0.305827 

 ko04072 Phospholipase D signaling 
pathway 2 55 0.305827 

 ko04145 Phagosome 2 57 0.305827 

 ko04140 Autophagy - animal 2 63 0.305827 

 ko04723 Retrograde endocannabinoid 
signaling 2 64 0.305827 

 ko05140 Leishmaniasis 1 9 0.305827 
FM+10d 
vs FM-
10d 

ko05146 Amoebiasis 2 30 0.248495 

 ko04744 Phototransduction 1 7 0.248495 

 ko04016 MAPK signaling pathway - plant 1 13 0.248495 
FM+15d 
vs FM-
15d 

ko02024 Quorum sensing 2 39 0.213525 

 ko00520 Amino sugar and nucleotide 
sugar metabolism 2 55 0.213525 

 ko00521 Streptomycin biosynthesis 1 9 0.216428 

 ko04622 RIG-I-like receptor signaling 
pathway 1 12 0.216428 
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2.4 ��iĨJǐǭƩƣYĭ�WGCNA� 

ÎńǍǊȉ¿ǋǪÞƞŲÊÛǐǭ��YĭƢĮĜƂ���ŧ�ȒŁŲÊÛ

ǐǭ��V�ŉĤĜǆ¹Ț`Ų GO hƼ� KEGG ǹǩ�ǳǟę PpNSRV-1 ŭ

ńŲ¯�ŉĤºǍǊȉ¿ǋŲzƳ�ŧŦǯƇ#ŧeśß��ð*� PpNSRV-1

ŭńÝǧǍǊȉ¿ǋ¼�ÙȍŶKŲ��ǐǭȈ}m�ƼĢ4�M5�ǟ�ºK

Ȍ��Ųzā�ƼȜǓȕ4ºÊÛǐǭ��ŲƏǸĳT�3ȜǓȕ4`6ƄƇØ

áȘ^đ��Ŀ���ƘƤé�ǚ_ PpNSRV-1ŭńÝǧǍǊȉ¿ǋțǋ¼�Ù

ȍŲǪÞ<��º 4 ���ŧ�ȒŁŲĶ�#ŧŲ RNA-seq ČÿȚǴǏ���

iĨJǐǭƩƣYĭ� 

2.4.1 ĬÚðĤŧ�ȒŁŲ��JǐǭƩƣ 

ŨÎ PpNSRV-1 ŭńŲǍǊȉ¿ǋ RNA-seq ČÿȚĬÚ�
���Jǐǭ

Ʃƣ�� 5.3��ƘƤé�ŐȈ� 23�Ķ��ðĤǐǭ��ŲîºŶKé�ȫØ

ŶKŲ��ƒ.Ǒ[Y`
ǧ�ºŶ2Ųļ�ǴǏ�Ò���JǐǭƩƣ�Ųð

Ĥ��Ǒ[Y`� 34���ƒļ�� 

ĬÚ���JǐǭƩƣ���ºðĤļ��ǍǊȉ¿ǋ¼�ŲKƘǴǏ�Ŷ

KéYĭ�*ƀ³� ļ�� PpNSRV-1ß�
ǍǊȉ¿ǋ¼�ŶK�� 5.3 A��

ĸÿļ�-éšŲŜ��Ń�ļ��éšŲŶKé� p @�Ȋ³W� 1 ��Ƽ�

PpNSRV-1ß�
ǍǊȉ¿ǋȍ¼�éšŶKŲ?Ǹļ� blackļ��blackļ�

�JĤ 500����ǝļ����ŲǐǭȈ�ȍ¼�éšǣŶK� 

ǕƐ blackļ��Ń
ĩ���ŴĳéšŲŶKé�GS��ļ�ȆŲ���

ǝļ�ŲŶKé�MM�ŲŶKé�ŨċŚ�ǐƂ�� 5.3 C���*zť�black

ļ�ŲðĤ��ċŚ�ťW
ĩĐţ� 1 ŲŵƝ�GS � MM ŲŶKéǭ`�

0.86�Ĝǆ�ȫØŶK�p<0.05��ǳǟę blackļ��Ų��Ė�ŴĳéšĜǆ

ŶKv�ǝļ�ĜǆŶK�@âǴ
ŀYĭ�black ļ��ŲǵăØģ§Ų��

� PpGCC2�PPU13656-RA�� 

ƀ³ blackļ��KȌļ���ǰŨ cytoscapeǫ,ÈM cytoHubbaƏǸ black

ļ��ŲİƜ���� 4.12��ǕƐ�MCC�DMNC�DegreeƎ 12�uČ�ĸ

ÿǂŚ���Ʃƣ�ŲÆéǴǏĀ��ƏǸW Degree Ā�ȟcŲ��7���

JǐǭƩƣŲİƜ���ȗ�ºİƜ��ǴǏ KEGG ǹǩ¹ȚYĭ�ǐ 5.2��



��
��	���������������������������� ���� PpNSRV-1���"
���� �����



�

ȤŐŲİƜ��Ĝǆ¹Ț`���ǹǩ�Y_Ěƿ��Autophagy-animal��p53

<�ǹǩ�ȓƓÌŭ�Amoebiasis�� 

 

 
� 5.3 ��iĨJǐǭƩƣYĭ 

Figure 5.3 Weighted gene co-expression network analysis. 
e��A�]2kG(��MEs�r<_�x.�Vv]2��r�y�>�+D�rb

�2�v�
]2�t%r¡��v%�
�2�i.�z��v£�PE�~ +1����
�v��PE�~ 0���B�]2-Hlt�Hi.�b���U�
]2rkG(��ME��
]2r&6/i.>�pS6+�2[��{���rHlU���;�9*���b��

��[����]2	�9*rt�H+ p ���� p �/N#�[��p<0.05 �v�]
2	�9*HlV�t�����v�t��� -1��z��v]2+Hl��r`t�
�� + 1���C�black]2r GS+MMrt�HQh.�b
h�v�
]2K)�!
3-����$
]2�(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����� 20��� 
Table 5.3 Top 20 genes of black module 

	� ID MCC DMNC MNC Degree EPC Bottle
Neck 

EcCent
ricity Closeness Radiality Betweenness Stress Clustering 

Coefficient 
PPU05921-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  4945.72  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  

PPU05391-RA 93 0.12  31 42 69.40  2 0.24  242.75  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  4422.42  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  

PPU06017-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  2772.72  23452 0.06  

PPU16764-RA 60 0.11  22 37 65.97  17 0.24  233.00  3.64  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  

���
 CytoHubba��� 12��
�������	�� Degree���The genes are ranked by Degree, calculated according to 12 topological analysis 
methods provided by CytoHubba.



&%������4"������������������������-�,�($ �	����� �PNS�2��)R�.�#�

����

 

� 5.4 ��DƿǞƓƋęƁ��ŝ KEGG¥ȀNė 
Figure 5.4 KEGG enrichment analysis of hub genes. 

 

3 )* 

ČųNTǨj�´řĬ PpNSRV-1 |�´řĬŝƺƷǴªƸȁƸŝÔƳğ

}ǢƼ� RNAķº�ǫǟȏǖǳŝķºƃǂƉs±ťŝ��ƃðã�NėËU

� 271�o$ĵǱU\Ƥŝ°ÁƿǞ����ƺƷǴªƸȁƸŝƘȓĉ$Y�°

Á
Ǔŝ��ðšĭ°Á�Ǔŝ��PpspopB_1���r�Œ{Ǻĩǭýưŝ


Ǔ�FƿǞǳ�×Ć÷ĉǭýư
ǓU�ŏƃŝ 1/2¯p�PpspopB_1b Speckle-

type BTB/POZ ƶŜ�Ftľ��Ɛŧ
Ů E3-Ĵžǣåǯ�s0ŝ¼ňǍTƶ

Ŝ�šY�ƀĆ 30 ŮƶŜǖǁǵ�� E3-Ĵžǣåǯ�s0ŝĴž_¼ň 

(Maekawa and Higashiyama, 2020)�Ĵž_ü
ŮƶŜǖŝƗǎu;Ȋ�ǐǟŰ

ŝ\Ƥǿū)§ƦŁŚ�#ǔƏsÉ|śŚŵ�ǲŝŘř (Popovic et al., 2014)�

spopB ü�ľÏ DNA â*ŝ;�ǟŰ�×Îȃŝ (Maekawa and Higashiyama, 

2020)�m��spopBo�ǚÇ�� PDX1ƉsǆiFĴž_|ƶŜǯ0Ǽǅ�Ǣ

ƛÚV PDX1/IPF1ȇł��ƣ®ž�ŝǚÇŀĶ (Ostertag et al., 2019)�PpspopB_1
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ŝýư
ǓƿúřĬ PpNSRV-1 ŝÓĚ¦ƺƷǴªƸǬÔ�â¡�FąƆ Œ

ŝ¾¨2œĆTŝŒŏǟŰǓæ� 

©°Á��ŝĵǱƉĘ�Yó�ĵǱŝƺƷǴªƸ¨{ŢE��ĭ¦�iō

PpCRYAB�PpFAR ŵe�»ŀǟŰ|Ƥǳ#ǔŝ��ƿǞǳýư�Ǔ�¦×Ć

°ÁƿǞ��ǢƼ GO| KEGG¥ȀNė�ƴŅ�ıĆiōýưƝź�q>0.05��

-$ p<0.05ŶǨUŝ:qǫǙȀ��¨{ǓæǫǙ�ko04211�|�¨{ǓæŢ

Eŝ AMPK :qǫǙ�ko04152��ƥ�ǪÊ�ko04140�| MAPK :qǫǙ

�ko04016�ŵ�d�oƤüřĬ PpNSRV-1¦£ŒƸŝò0N�İ¶È~¸�

ZŃ�ƴŅÃǘ�Ǌ�¨{ŢE��ŝ°ÁƿǞ�-¦�:qǫǙŝÈ~ıĆǞ

Uǋ�ŝǹ=��Ħ�Ė¿�×Ć��ŝ]ĐDƿǞƓƋ�ǇŷËUEǶĤ�

black Ĥ�fFęƁ���ęƁ��ýư¥ȀU�ƥ��p53 :qǫǙ|ǻŹ²

řŵ~»�ľ��ÃǘŝŘřŢE:qǫǙ�ƥ�ǟŰ| p53:qǫǙǭ�Œň

ŝ¨{Ǔæ¤OŢE�ƿúřĬ PpNSRV-1 oƤǫǟƥ�ŵǟŰÃǘ�ƺƷǴ

ªƸ¨{ŝ¾Ƿ� 

©ȏļ|řĬ PpNSRV-1 �Ů�ƧĒ'
ƺƷǴªƸŝǚÇƃǢƼĭǜ�

iō�
�Dtŝ~»����ǃüńŀƶŜ HSP|ƃƅƶŜǯ CathL�~»ȏ

ļŝ HSP�ǃü PpHSP70�PpHSP90| PpCRYAB�~»řĬ PpNSRV-1ŝ HSP

�ǃü PpCRYAB�PpCathL ŝƿǞǳ�ń»ŀĒ'
ýư�Ǔ�ƛ�řĬ

PpNSRV-1ÓĚĒ'
ýư
Ǔ�ǡ
ƉĘǢ
ħƿú� PpCathL��ŝ�»ŀ

ǟŰ�ŝgŢ2œ� 
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Ġã¦żźƯH�ƺƷǴªƸ¨{ŝ�ÆĤ�oť�ƯHÈ~£ŒƸ¨{ŝ

EǶ��2œ� TOR:qǫǙ|»ŀǟŰ�ǚÇƃNėƉĘƿú�ń»ŀĒ'


ƺƷǴªƸ�°ÁƿǞŝ��Ȁ��¨{ǓæǪÊ��ǓæƓƋŝ
�EǶ�

� PpELLoƤüǫǟ p53Õ FOXO:qǫǙiá2œ�ƺƷǴªƸ�ÓĚřĬ

PpNSRV-1u�F��ƿǞƓƋŝEǶ��ǫǟƥ�ǟŰ| p53:qǫǙiá2

œ�$�ƉĘDtƿú�ÚVÕŀĶ¨{ǓæŢEŝ:qǫǙ��oƤ ō¦ƺ

ƷǴªƸ¨{ŝokæV�$�ǫǙ��ŝÚVXĆǊ�±ǁÀi2�ÛǀƘƬ

ň��Ȃ³Ȅž�Rapamycin�2�
Ů TORÚVX±ǁ¹Ĵœ�ǀƘŢEŘř

ŝĲŗ (Kaeberlein, 2014)�ĂƕĄ­�Trametinib�üMAPK/ERKǫǙ�ŝÚV

X�ǁǌúoýư¾ǷĘƹ�·$uŝ¨{ (Slack et al., 2015)� 

m��=ËĵÒŝü�ń»ŀ|řĬ PpNSRV-1 ÓĚǡ�Ů¨{ǽV��

ŝ2œ
�PpCathLƿōM�úýŝgŢÏ�� 35℃
�PpCathLŝñ/ƑŦ�

¦ƺƷǴªƸŝ¨{�ǌú�FĆş2œ�-t÷ǐ���řĬ PpNSRV-12œ


ƿǞǳýư
Ǔ�ƺƷǴªƸ¨{¾Ƿ�,�ü�S�´řĬ£ŒƸŝǷ¨�

Ŕ� CathL�ŁŚiŒ|řĬÓĚ�ŝ8Ǣ2œ�FÚVXǁǈ�üřĬÓĚŝ


ŮĲŗX�-� CathL�ĥµŒŏǟŰ�ŝ�ď2œ�FÚVXG0ŝ2œǠ

�Ëƛť (Gomes et al., 2020)��Čų��Rħäű�ȋ�¨{ŢE��ŝÚV

X ōƺƷǴªƸǷ¨ŝoƤÏ� 

1 ����� 

1.1 ǏƳNƃ�¨{ ȍ 

ƺƷǴªƸȁƸŝȋHǟŰeƙŴ�ų 1.1�ƺƷǴªƸȁƸƖ_uŲbë

ȀUĘƹŸ��ǰœìƧŝĮƄŸ�ȉĳ�CAFE� (Ja et al., 2007)�ǫǟé�Ĺ

Ǝ��ŝŎŐŖĕ�1B100F-3; WPI, Sarasota, Florida�ǩǦĻ0ȉň|Ƭň� 

ȍǋƔƬň�ŏƃ|ĿX¦ņƃ�r��ǲ��ī�ǲ��^x 10�ǾĎNƃ

ŝƺƷǴªƸȁÔƸ�ī�ĘƹŸĆ�ĠŎŐŖĕ�ÔƸ!ĆW½ŝŎŐÌŖĕ

�jȉĻ0ȉň|Ƭň�ǾŤƸŝjȉ�ŎŐÌŖĕIŝĻ0ĻȆ
Ǽ�ǉÇī

öĺƜƬĻŝȏ½�ķǳ4œðýÂĽĝ`¬�ĠãƬĻ
Ǽŝȏ½ŷMƬĻĺ
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Ɯǳ�¸ǉÇīör�ŏǏƳŒ�ÑK� 

1.2 ƬňĿĻŝǮV 

Čų�œUŝÚVXĆȂ³Ȅž Rapamycin�ĂƕĄ­ Trametinib|ƃƅƶ

ŜǯÚVX Cathepsin I�Selleck�����Ġã£ŒƸŝ0ǲ+ŷF×ȃŝƬǳ�

Ū�ƬXŝƆĸ½� 10 μM�Ȍ@œ�ŕ��ũ�DMSO�ǮVĪĻ�Ǿuœ 10�

Ʋżİ�V/V��©ĪĻůǱU 10 μM�G0ǟŰ�
� 

1�v 5 mg RapamycinŻċ�]A 0.05469 ml DMSOǮVĸ½� 105 μMŝ

ĪĻ�?NĿǅuj 1 μlĪĻ]A 9,999 μl ŝ 10�ƲżİůǱU 10 μM�2�

Rapamycin�ŏƃ�j 1 μl DMSO]A 9,999 μl ŝ 10�Ʋżİ2�ĿX¦ņƃ� 

2�v 10 mg TrametinibŻċ�]A 0.27083 ml DMSOǮVĸ½� 3�104 μM

ŝĪĻ�?NĿǅuj 1 μlĪĻ]A 2,999 μl ŝ 10�ƲżİůǱU 10 μM�2

� Trametinib�ŏƃ�j 1 μl DMSO]A 2,999 μl ŝ 10�Ʋżİ2�ĿX¦ņ

ƃ� 

3�v 5 mg Cathepsin IŻċ�]A 0.124412 ml DMSO ǮVĸ½� 105 μM

ŝĪĻ�?NĿǅuj 1 μlĪĻ]A 9,999 μl ŝ 10�ƲżİůǱU 10 μM�2

� Cathepsin inhibitor�ŏƃ�j 1 μl DMSO]A 9,999 μl ŝ 10�Ʋżİ2�Ŀ

X¦ņƃ� 

ƿ 6.1 ČųœUŝÚVX 
Table 6.1 Inhibitors used in this chapter 

 7(�� $5 
Rapamycin TOR (Edwards and 

Wandless, 2007) 
�/-�. TOR#���� HEK2930
1��IC50	~0.1 nM� 

Trametinib MEK1/2 (Yamaguchi et 
al., 2011) 

%0139� IC50	 0.92 nM/1.8 nM�
� c-Raf�B-Raf�ERK1/2*'#�+
"��,+2�!4��
� 

Cathepsin I Cathepsin L (Asaad et 
al., 2009) 

�/ Cathepsin (L, L2, S, K, B).#�
��pIC50��	 7.9�6.7�6.0�5.5�
5.2� 

1.3 ƌǇNė 

īöjȉǳŝ=j��Œň�ǲ�ŝ¶�ð�ǰœ Levene’s ĢȍǢƼõ°

ŝtǖÏĢȍ�Ū�õ°ȒÏ�Ǿu¦Ƭň�ŏƃ|F¦»ŝĿXŝīöjȉǳ

> Student’s tķȍ�NėǟŰ4œŝǛ'� IBM SPSS Statistics for Mac�Version 

25.0; https://www.ibm.com/products/spss-statistics��£ŒƸ¨{ ȍŝŒ�ĂƂ
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|ĜŊ�4œǛ' GraphPad Prism 6 for mac ƊV�Œ�Nėǰœ Log-rank

�Mantel-Cox�Ģȍ�$ p<0.052�°Áýư� 

2 #���� 

2.1 3ŮÚVX¦ƺƷǴªƸjȉǳŝÈ~ 

ÚVXŝlz|įz�żźƯHňǖ��°T�oƤ¦£ŒƸ ŒÞȉÕƚ

Ǒȉ2œ�ãŴ
ų 3.1×ǥ�£ŒƸŝjȉǳ)È~F¨{��ĦȌ@ƌǇ�

¦ƺƷǴªƸȁÔƳ�ȉ�ŮÚVX÷ŝjȉǳ�ƿ 6.2��ƉĘƿúȂ³Ȅž�

ĂƕĄ­|ƃƅƶŜǯÚVX��È~ƺƷǴªƸŝjȉǳ�p>0.05���%¦

ƺƷǴªƸ¨{ŝÈ~�FƬîĆE� 

 

ƿ 6.2 �ȉƬX¦ƺƷǴªƸjȉǳŝÈ~ 
Table 6.2 Effect of inhibitors on food intake of P. puparum 

  �)&�86�μl (
��SD� p� 

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 I 0.278 0.11929  

 

2.2 3Ů¨{ŢE��ÚVX¦ƺƷǴªƸ¨{ŝÈ~ 

ŢĭĿX¦ņƃ��ȉ 3ŮÚVXŝƺƷǴªƸŝ¨{�ýư¾Ƿ�� 6.1

|ƿ 6.3��Ȃ³Ȅž�ŏƃŝ¶�¨{�]� 34%��.¨{�]� 35%

�p=0.0103�� 6.1A��ĂƕĄ­�ŏƃŝ¶�¨{�Ƿ� 56%$���.¨{

ŝ�ǷǞU� 165%�p=0.0045�� 6.1B��ƃƅƶŜǯÚVXƃŝ¶�¨{�Ƿ

� 51%��.¨{�]� 70%�p=0.0003�� 6.1C�� 
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� 6.1 ÚVX¦ƺƷǴªƸ¨{ŝÈ~ 
Figure 6.1 Survival curves of P. puparum fed with inhibitors 

 

ƿ 6.3ÚVX¦ƺƷǴªƸ¨{ŝÈ~ 
Table 6.3 Lifespan of P. puparum fed with inhibitors 

  ����d �����d p� 

Control 22.3 20 0.0103 

Rapamycin 29.9 27 

Control 18.8 10 0.0045 

Trametinib 29.4 26.5  

Control 22.3 20 0.0003 

Cathepsin 33.7 34  

 

3 )* 

Čų»œ�ŎŐÌŖĕ�ȉĳ¦ƺƷǴªƸǢƼƬňǩǦ�¦ƺƷǴªƸŝ

jȉǳǢƼàƍƛLŪŝŠķ�£ŒƸlćƬň ȍŝƉĘiō��Ů¨{ŢE

��ŝÚVX�Ƥ�µļĒ'
ýư¾ǷƺƷǴªƸŝ¨{�p <0.05��Ƭňŝ

ĸ½Ġãóŋ�è5ŝĘƹŵF"Œňŝą3ƬǳǇŷƛē�Ȃ³Ȅž�ĂƕĄ

­|ƃƅƶŜǯÚVXŝĸ½�� 10 μM��%¦ƺƷǴªƸŝ¶�¨{NT¾

Ƿ� 34%�56%| 51%�tğŝĸ½
�ĂƕĄ­ŝ¾¨2œą�� 
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=ËĵÒŝü�PpCathL ÚVX� 25℃ĥµÑK
¦£ŒƸGĆĕýưŝ

¾¨2œ�Covid-19�ŝŨűƿú CathL�řĬÓĚǟŰ|�ŮŘřŢE�CathL

üôJřĬ SARS-CoV-2 ǢA¢�Ƅơŝǲǃ�ž�ǐ��o2�
ŮĲŗȇ

ł (Gomes et al., 2020)��Ŵ�ų��ȏļĒ'
¦ PpCathLŝñ/ýưƑŦ�

ƺƷǴªƸŝ¨{�ƛČų�£ŒƸƇljȉƃƅƶŜǯÚVXu¨{ýư¾Ƿ�

ǡoƤĀŬ� PpCathL �¨{Ǔæ�ŝ2œoƤü6Ǘ�Ơÿŝ�F�ȏļŌ

��ŝ�ǳƿǞ¦£ŒƸüĆşŝ�Ǽ/FƿǞǳ)Ǽ/£ŒƸŒ�Ƥ[�ƛĥ

µĒ'
ŝƿǞǳǼ/üĆşŝ�Ðŝēǒ�ČŨűǌ � TOR�MEK| CathL

��¨{ŢE��ŝÚVXo$ ō¦ƺƷǴªƸŝ¾¨2œ�
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 �-,�
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ƺƷǴªƸŝ¨{o�ÏÅ|7�ê2ŵŉł�Ũű¨{ǓæĎVè5�

(Ƨŝ0Ž�Ɖsȏǖǳŝƃ�ðã|±ťŝĤÂŒň¨{Ǔæ��ºP�ąƆ

ǵ��ƺƷǴªƸŝ 229 �<Ǩŝ¨{ŢE���ǡ���� IIS-PI3K/Akt Ǫ

Ê�TORǪÊ�MAPK/ERKǪÊ| AMPKǪÊŵ��:qǫǙ|ƥ��»ŀh

»|#ǔŵ��ŒŏǟŰ�iá2œ�Ȉķ�ǡ���ŝ9�ƉĖ�¸Nė��

%ŝƿǞĤÂ�ƿǞǕŝƉĘƿú2œ�»ŀh»ŝ��ƿǞǳǜȏ��

2 (&.�'�%�
����� 

ƯHĒ'�ļ½|řĬüµǄŝ¨{ǽV�ž�¿ŲżźƯH�ƺƷǴªƸ

Ƿ¨ŝ�ÆĤ��iōƯHĒ'È~£ŒƸ¨{ŝEǶ��2œ� TOR:qǫ

Ǚ|»ŀǟŰ�̧ Ū�� 6��ĦǟŰ�ǘ2œŝ¨{ŢE���NTüPpPTEN� 

PpSOD1-1�PpSOD1-3�PpTSC2-2�PpHDAC1 | PpTSC2-3�¦ń»ŀĒ'
ƺ

ƷǴªƸǢƼǚÇƃķº�NėƉĘƿú~»ńāȅŝ���ǃü HSP70�

HSP90 | CRYAB ŵńŀƶŜ�ń»ŀ
°ÁƿǞŝ��Ȁ��¨{ǓæǪÊ

��Ė¿��DƿǞƓƋǵ�M3�EǶ���NTüPpXAP5�PpELL|PpCathL�

ƺƷǴªƸ�ÓĚřĬ PpNSRV-1 u�F��ƿǞƓƋŝEǶ��ǫǟƥ�ǟ

Ű| p53 :qǫǙiá2œ�ČŨűRħäű�ƯHĒ'�ļ½|DŒřĬ

PpNSRV-1¦ƺƷǴªƸ¨{ŝ2œĎŏ� 

3 �/(&.�'�%�
�$� 

¦ƯHĒ'�ļ½|DŒřĬ PpNSRV-1�Ů¨{ǽV�žŝŨűƿú�Ú

VÕŀĶ¨{ǓæŢEŝ:qǫǙ��oƤ ō¦ƺƷǴªƸ¨{ŝǓæ�$�

ǫǙ��ŝÚVXĆǊ�±ǁÀi2�ÛǀƘƬň�Ǩß�Ȃ³Ȅž

�Rapamycin��ĂƕĄ­�Trametinib�|ƃƅƶŜǯÚVX�Cathepsin Inhibitor�

ǢƼƇlƬňǩǦ ȍ�ƬXĸ½�� 10 μM��%¦ƺƷǴªƸŝ¶�¨{N

T¾Ƿ� 34%�56%| 51%�ČŨűƿúȂ³Ȅž�ĂƕĄ­|ƃƅƶŜǯÚV

Xŵ¨{ŢE��ŝÚVXĆĈœ�¾Ƿ£ŒƸ¨{��
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1. Əs��ƃ|ǚÇƃðãĵǱ�ƺƷǴªƸŝ¨{ŢEǫǙfF��	 

2. ¦ƯH�ńƟǤ|DŒřĬ PpNSRV-1 ÓĚŝƺƷǴªƸ�ǰœ�Ůõĳ�

úŪ��%È~¨{ŝǪÊ	 

3. úŪ�ƯHÈ~ƺƷǴªƸÔƳ¨{ŝEǶ��2œ�TOR:qǫǙ|»ŀ

ǟŰ	ńƟǤĒ'
��oƤǫǟ p53 | FOXO :qǫǙiá2œ�¸ǵ��

ôŝ¨{ŢE���NTü PpXAP5�PpELL| PpCathL	ƺƷǴªƸ�ÓĚř

Ĭ PpNSRV-1u�0Iƥ�ǟŰ| p53:qǫǙǢƼ~»	 
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Gene ID Embryos Larvae Female Pupae Male Pupae Female Adults Male Adults 

PPU00054-RA 22.0292 5.62121 12.1644 15.9785 9.40911 8.77383 

PPU00059-RA 34.6593 4.81631 14.2425 12.8502 13.8841 15.2527 

PPU00208-RA 0 0 0.0622601 0.122928 0.855202 0 

PPU00209-RA 0 0 0.366808 0.253555 3.98303 0.0634414 

PPU00285-RA 0.168098 8.39859 11.2176 11.977 8.64987 7.92877 

PPU00322-RA 552.968 47.8744 79.5413 61.865 262.767 73.861 

PPU00499-RA 6.93049 11.3293 34.3342 34.1701 10.2886 9.64926 

PPU00508-RA 0.318201 0 0 0.142633 0 0.0655864 

PPU00881-RA 4.80073 0.180836 1.01725 3.05683 3.46237 4.72095 

PPU01146-RA 0.43214 4.35725 13.0279 10.0554 2.07056 7.15364 

PPU01346-RA 7.96187 3.63727 1.42012 2.41511 9.54155 11.9544 

PPU01680-RA 132.667 7.52697 19.3502 16.5775 29.1262 21.5165 

PPU01693-RA 11.5081 17.0612 36.0888 39.1909 8.93151 21.3344 

PPU01704-RA 79.4925 31.3273 65.8038 70.278 47.6831 47.3778 

PPU01990-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 

PPU02803-RA 26.5688 17.3297 17.7072 19.3656 33.2671 43.8276 

PPU03042-RA 70.9826 43.7566 122.952 133.028 56.7322 41.8343 

PPU03121-RA 101.095 0 0.0203595 0.0402171 31.7341 0.266655 

PPU03142-RA 36.9641 14.8481 40.2998 36.6612 20.3408 16.2295 

PPU03176-RA 0.297211 24.3131 0 0.0736742 0 0.451467 

PPU03180-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 

PPU03221-RA 0.0183876 0.0189666 0 0.0178357 1.58153 7.11089 

PPU03371-RA 111.532 13.441 42.3818 35.7868 33.8346 7.57257 

PPU03565-RA 0.688344 44.3774 3.71443 3.6202 17.1889 6.96045 

PPU03566-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 

PPU03568-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 

PPU03831-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 

PPU04123-RA 52.2777 48.7581 15.2102 16.0639 70.7434 71.5505 

PPU04128-RA 868.423 762.367 1604.13 1213.06 848.018 9.17654 

PPU04129-RA 213.678 131.157 734.244 442.31 147.26 10.4717 

PPU04130-RA 21.4273 323.2 1863.63 1595.3 149.425 16.387 

PPU04131-RA 1.35897 35.9217 595.999 667.77 18.5424 2.64143 

PPU04132-RA 0.330818 29.3016 321.627 155.728 24.0936 1.15909 

PPU04133-RA 380.975 74.9966 1184.05 927.371 112.473 21.9343 

PPU04166-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 

PPU04412-RA 38.6097 4.07314 8.37783 17.4049 9.35165 1.91081 

PPU04431-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 

PPU05088-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 

PPU05100-RA 7.24756 3.17414 3.08845 6.03486 9.27767 9.88413 

PPU05101-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 

PPU05117-RA 10.8845 4.57858 20.1852 20.3032 9.24284 7.69096 

PPU05135-RA 8.53434 8.83779 31.7756 41.0729 10.4425 13.5083 

PPU05162-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 

PPU05508-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 

PPU05718-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 

PPU06188-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 

PPU07178-RA 0.338164 1.92346 1.13594 1.61697 6.67492 1.63719 

PPU07179-RA 5.49318 6.12469 7.68913 10.2771 4.65942 25.9433 

PPU07198-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 15.312 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 

PPU07715-RA 7.69566 4.72481 26.5266 41.0163 8.15727 16.7708 

PPU07824-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 

PPU08145-RA 6.75722 8.65257 29.826 28.0046 13.7856 21.471 

PPU08165-RA 4.73926 6.51919 11.6231 13.358 9.413 9.32082 

PPU08194-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 

PPU08349-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 

PPU08515-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 23.9119 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 5.91179 

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 

PPU11183-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 4.27484 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 4.91146 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 35.379 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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GO ID 
(level1) 

GO Term 
(level1) 

GO ID 
(level2) 

GO Term  
(level2) 

Count Gene List 

GO:0008150 Biological 
Process 

GO:0008152 metabolic process 43 PPU03651-RA;PPU04710-RA;PPU05088-RA;PPU05089-RA;PPU08194-RA;PPU08376-RA;PPU08377-
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 
Process 

GO:0009987 cellular process 55 PPU10539-RA;PPU04342-RA;PPU00499-RA;PPU17080-RA;PPU01704-RA;PPU03684-RA;PPU09895-
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 
Process 

GO:0023052 signaling 18 PPU04342-RA;PPU00499-RA;PPU17080-RA;PPU01704-RA;PPU03684-RA;PPU09895-RA;PPU10958-
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 
Process 

GO:0044699 single-organism 
process 

31 PPU04342-RA;PPU00499-RA;PPU17080-RA;PPU01704-RA;PPU03684-RA;PPU09895-RA;PPU10958-
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 
Process 

GO:0050896 response to 
stimulus 

21 PPU04342-RA;PPU00499-RA;PPU17080-RA;PPU01704-RA;PPU03684-RA;PPU09895-RA;PPU10958-
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 
Process 

GO:0051179 localization 2 PPU10958-RA;PPU03684-RA 

GO:0008150 Biological 
Process 

GO:0065007 biological 
regulation 

38 PPU04342-RA;PPU00499-RA;PPU17080-RA;PPU01704-RA;PPU03684-RA;PPU09895-RA;PPU10958-
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 
Process 

GO:0071840 cellular component 
organization or 
biogenesis 

5 PPU10539-RA;PPU13552-RA;PPU04412-RA;PPU03371-RA;PPU09172-RA 

GO:0003674 Molecular 
Function 

GO:0001071 nucleic acid 
binding 
transcription factor 
activity 

16 PPU01990-RA;PPU02268-RA;PPU03121-RA;PPU03651-RA;PPU04342-RA;PPU04683-RA;PPU06179-
RA;PPU07049-RA;PPU08093-RA;PPU08282-RA;PPU11611-RA;PPU12298-RA;PPU13406-RA;PPU14444-
RA;PPU14463-RA;PPU14600-RA 

GO:0003674 Molecular 
Function 

GO:0003824 catalytic activity 46 PPU00209-RA;PPU05088-RA;PPU05089-RA;PPU03651-RA;PPU10958-RA;PPU12454-RA;PPU04710-
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 

GO:0003674 Molecular 
Function 

GO:0004871 signal transducer 
activity 

7 PPU04342-RA;PPU14600-RA;PPU07299-RA;PPU02803-RA;PPU04462-RA;PPU05765-RA;PPU09895-RA 

GO:0003674 Molecular 
Function 

GO:0005488 binding 68 PPU02268-RA;PPU04342-RA;PPU04683-RA;PPU11611-RA;PPU12298-RA;PPU14600-RA;PPU08276-
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;PPU01146-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;PPU09895-
RA;PPU10327-RA;PPU12340-RA;PPU14715-RA;PPU15964-RA;PPU16623-RA 

GO:0003674 Molecular 
Function 

GO:0016209 antioxidant activity 7 PPU05088-RA;PPU05089-RA;PPU04710-RA;PPU08194-RA;PPU08376-RA;PPU08377-RA;PPU13433-RA 

GO:0003674 Molecular 
Function 

GO:0060089 molecular 
transducer activity 

3 PPU04342-RA;PPU14600-RA;PPU07299-RA 

GO:0003674 Molecular 
Function 

GO:0098772 molecular function 
regulator 

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

GO:0005575 Cellular 
Component 

GO:0005576 extracellular region 1 PPU01146-RA 

GO:0005575 Cellular 
Component 

GO:0005623 cell 29 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-
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RA;PPU11611-RA;PPU12298-RA;PPU13750-RA;PPU14444-RA;PPU14463-RA;PPU14600-RA;PPU03684-
RA;PPU10958-RA 

GO:0005575 Cellular 
Component 

GO:0016020 membrane 6 PPU03775-RA;PPU10905-RA;PPU12539-RA;PPU03684-RA;PPU07299-RA;PPU10958-RA 

GO:0005575 Cellular 
Component 

GO:0032991 macromolecular 
complex 

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

GO:0005575 Cellular 
Component 

GO:0043226 organelle 16 PPU01990-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 

GO:0005575 Cellular 
Component 

GO:0044425 membrane part 3 PPU03775-RA;PPU10905-RA;PPU12539-RA 

GO:0005575 Cellular 
Component 

GO:0044464 cell part 29 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 
ID 

K_id DEGs Desciption 

25℃ vs. 35℃ 3h 

Antigen processing 

and presentation 

ko04612    

K01365 PPU00866-RA CTSL; cathepsin L  

K03283 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

K04079 PPU00804-RA HSP90A, htpG; molecular chaperone HtpG 

Longevity 

regulating pathway 

- multiple species 

ko04213    

 K03283 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; 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 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K09553 PPU11533-RA STIP1; stress-induced-phosphoprotein 1 

Legionellosis ko05134    

 K00239 PPU09994-RA sdhA, frdA; succinate dehydrogenase / 

fumarate reductase, flavoprotein subunit  

 K03283 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

Protein processing 

in endoplasmic 

reticulum 

ko04141    

 K03283 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K04079 PPU00804-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 PPU07557-RA BAG2; BCL2-associated athanogene 2 

Measles ko05162    
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 K03283 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

Estrogen signaling 

pathway 

ko04915    

 K03283 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K04079 PPU00804-RA HSP90A, htpG; molecular chaperone HtpG 

Toxoplasmosis ko05145    

 K03283 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

Influenza A ko05164    

 K01312 PPU06222-RA PRSS1_2_3; trypsin  

 K03283 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

Pancreatic 

secretion 

ko04972    

 K01176 PPU13714-RA AMY, amyA, malS; alpha-amylase  

 K01176 PPU11451-RA AMY, amyA, malS; alpha-amylase  

 K01312 PPU06222-RA PRSS1_2_3; trypsin  

 K14073 PPU03462-RA PNLIP, PL; pancreatic triacylglycerol lipase  

Caffeine 

metabolism 

ko00232    

 K00106 PPU05100-RA XDH; xanthine dehydrogenase/oxidase  

 K00365 PPU11141-RA uaZ; urate oxidase  

Starch and sucrose 

metabolism 

ko00500    

 K01176 PPU13714-RA AMY, amyA, malS; alpha-amylase  

 K01176 PPU11451-RA AMY, amyA, malS; alpha-amylase  

 K01187 PPU09682-RA malZ; alpha-glucosidase  

Steroid hormone 

biosynthesis 

ko00140    

 K00699 PPU07393-RA UGT; glucuronosyltransferase  

 K07424 PPU09664-RA CYP3A; cytochrome P450 family 3 

subfamily A  

Chemical 

carcinogenesis 

ko05204    

 K00699 PPU07393-RA UGT; glucuronosyltransferase  

 K00816 PPU12436-RA CCBL; kynurenine---oxoglutarate 

transaminase / cysteine-S-conjugate beta-

lyase / glutamine---phenylpyruvate 

transaminase  

 K07424 PPU09664-RA CYP3A; cytochrome P450 family 3 

subfamily A 

25℃ vs. 35℃ 6h 
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Antigen processing 

and presentation 

ko04612    

 K01365 PPU00866-RA CTSL; cathepsin L  

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K04079 PPU00804-RA HSP90A, htpG; molecular chaperone HtpG 

Longevity 

regulating pathway 

- multiple species 

ko04213    

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; 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 

in endoplasmic 

reticulum 

ko04141    

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K04079 PPU00804-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℃ vs. 35℃ 12h 

Antigen processing 

and presentation 

ko04612    

 K01365 PPU00866-RA CTSL; cathepsin L  

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K04079 PPU00804-RA HSP90A, htpG; molecular chaperone HtpG 

Longevity 

regulating pathway 

- multiple species 

ko04213    

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; 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 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K09553 PPU11533-RA STIP1; stress-induced-phosphoprotein 1 

Quorum sensing ko02024    

 K01183 PPU07620-RA E3.2.1.14; chitinase  

 K01183 PPU11290-RA E3.2.1.14; chitinase  

 K01183 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  

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

Protein processing 

in endoplasmic 

reticulum 

ko04141    

 K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

 K04079 PPU00804-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℃ vs. 35℃ 5d 

Cell cycle ko04110    

 K02209 PPU04675-RA MCM5, 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 PPU01594-RA CDC7; cell division control protein 7  

 K02537 PPU07955-RA MAD2; 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 PPU08316-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 PPU08348-RA CHEK2; 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 ko03030    

 K02209 PPU04675-RA MCM5, 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 POLA2; DNA polymerase alpha subunit B 

 K02324 PPU04634-RA POLE; DNA polymerase epsilon subunit 1  

 K02328 PPU04154-RA POLD2; DNA polymerase delta subunit 2 

 K02541 PPU10175-RA MCM3; DNA replication licensing factor 

MCM3  

 K02542 PPU12749-RA MCM6; DNA replication licensing factor 

MCM6  

 K02684 PPU15828-RA PRI1; DNA primase small subunit  

 K04802 PPU04168-RA PCNA; proliferating cell nuclear antigen 

 K07466 PPU08237-RA RFA1, RPA1, rpa; replication factor A1 

 K10739 PPU12692-RA RFA2, RPA2; replication factor A2 

 K10742 PPU08022-RA DNA2; DNA replication ATP-dependent 

helicase Dna2  

 K10747 PPU07349-RA LIG1; DNA ligase 1  

Cell cycle - yeast ko04111    

  K02209 PPU04675-RA MCM5, 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 PPU01594-RA CDC7; cell division control protein 7  

  K02537 PPU07955-RA MAD2; 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 PPU08316-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 

  K06628 PPU05434-RA CDC45; cell division control protein 45 

  K06641 PPU08348-RA CHEK2; serine/threonine-protein kinase 

CHEK2  

  K06674 PPU04676-RA SMC2; structural maintenance of 

chromosome 2 

  K06678 PPU16717-RA YCG1, CAPG; condensin complex subunit 3 

  K08866 PPU09941-RA TTK, MPS1; serine/threonine-protein kinase 

TTK/MPS1  

Antigen processing 

and presentation 

ko04612    

  K01365 PPU00866-RA CTSL; cathepsin L  

  K03283 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

  K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

  K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 
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  K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

  K04079 PPU00804-RA HSP90A, htpG; molecular chaperone HtpG 

  K09490 PPU09930-RA HSPA5, BIP; heat shock 70kDa protein 5 

Prion diseases ko05020    

  K03283 PPU03831-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

  K03283 PPU04479-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

  K03283 PPU09869-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

  K03283 PPU09871-RA HSPA1s; heat shock 70kDa protein 1/2/6/8 

  K09490 PPU09930-RA HSPA5, BIP; heat shock 70kDa protein 5 

  K09553 PPU11533-RA STIP1; stress-induced-phosphoprotein 1 

Hedgehog 

signaling pathway - 

fly 

ko04341    

  K03094 PPU08316-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 PPU03547-RA SPOP; speckle-type POZ protein 

  K10523 PPU07297-RA SPOP; speckle-type POZ protein 

  K10523 PPU11297-RA SPOP; speckle-type POZ protein 

  K10523 PPU08689-RA SPOP; speckle-type POZ protein 

Meiosis - yeast ko04113    

  K02209 PPU04675-RA MCM5, 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 PPU01594-RA CDC7; cell division control protein 7  

  K02537 PPU07955-RA MAD2; 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 CDC45; cell division control protein 45 

25℃ vs. 35℃ 10d 

Cell cycle ko04110    

  K02209 PPU04675-RA MCM5, 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 PPU01594-RA CDC7; cell division control protein 7  

  K02541 PPU10175-RA MCM3; DNA replication licensing factor 

MCM3  
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  K02542 PPU12749-RA MCM6; DNA replication licensing factor 

MCM6  

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

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

protein 1 

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

APC complex 

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

binding protein  

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

binding protein  

  K05868 PPU11311-RA CCNB1; G2/mitotic-specific cyclin-B1 

  K05868 PPU11762-RA CCNB1; G2/mitotic-specific cyclin-B1 

  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 PPU08348-RA CHEK2; serine/threonine-protein kinase 

CHEK2  

  K08866 PPU09941-RA TTK, MPS1; serine/threonine-protein kinase 

TTK/MPS1  

Alcoholism ko05034    

  K02183 PPU07061-RA CALM; calmodulin 

  K02183 PPU10310-RA CALM; calmodulin 

  K04345 PPU13149-RA PKA; protein kinase A  

  K04374 PPU08093-RA ATF4, CREB2; cyclic AMP-dependent 

transcription factor ATF-4 

  K04534 PPU09386-RA GNAO, G-ALPHA-O; guanine nucleotide-

binding protein G(o) subunit alpha 

  K05210 PPU01978-RA GRIN2B; glutamate receptor ionotropic, 

NMDA 2B 

  K08155 PPU08459-RA SLC18A1_2, VMAT; MFS transporter, 

DHA1 family, solute carrier family 18 

(vesicular amine transporter), member 1/2 

  K11251 PPU08396-RA H2A; histone H2A 

  K11251 PPU08465-RA H2A; histone H2A 

  K11251 PPU12448-RA H2A; histone H2A 

  K11252 PPU08466-RA H2B; histone H2B 

  K11252 PPU12449-RA H2B; histone H2B 

  K11252 PPU12505-RA H2B; histone H2B 

  K11252 PPU12526-RA H2B; histone H2B 

  K11253 PPU08186-RA H3; histone H3 

  K11253 PPU08400-RA H3; histone H3 

  K11253 PPU12446-RA H3; histone H3 

  K11253 PPU12504-RA H3; histone H3 

  K11254 PPU08177-RA H4; histone H4 

  K11254 PPU08405-RA H4; histone H4 

  K11254 PPU12445-RA H4; histone H4 

  K11254 PPU12527-RA H4; histone H4 

  K11303 PPU11070-RA HAT1, KAT1; histone acetyltransferase 1  

Cell cycle - yeast ko04111    
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  K02209 PPU04675-RA MCM5, 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 PPU01594-RA CDC7; cell division control protein 7  

  K02541 PPU10175-RA MCM3; DNA replication licensing factor 

MCM3  

  K02542 PPU12749-RA MCM6; DNA replication licensing factor 

MCM6  

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

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

protein 1 

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

APC complex 

  K06628 PPU05434-RA CDC45; cell division control protein 45 

  K06641 PPU08348-RA CHEK2; serine/threonine-protein kinase 

CHEK2  

  K06674 PPU04676-RA SMC2; structural maintenance of 

chromosome 2 

  K06678 PPU16717-RA YCG1, CAPG; condensin complex subunit 3 

  K08866 PPU09941-RA TTK, MPS1; serine/threonine-protein kinase 

TTK/MPS1  

Fanconi anemia 

pathway 

ko03460    

  K04482 PPU12792-RA RAD51; DNA repair protein RAD51 

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

  K07466 PPU08237-RA RFA1, RPA1, rpa; replication factor A1 

  K10739 PPU12692-RA RFA2, RPA2; replication factor A2 

  K10891 PPU10147-RA FANCD2; fanconi anemia group D2 protein 

  K10895 PPU05919-RA FANCI; fanconi anemia group I protein 

  K10901 PPU04995-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K10901 PPU12559-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K10901 PPU11278-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K15362 PPU13983-RA BRIP1, BACH1, FANCJ; fanconi anemia 

group J protein  

DNA replication ko03030    

  K02209 PPU04675-RA MCM5, 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  

  K02324 PPU04634-RA POLE; DNA polymerase epsilon subunit 1  

  K02328 PPU04154-RA POLD2; DNA polymerase delta subunit 2 

  K02541 PPU10175-RA MCM3; DNA replication licensing factor 

MCM3  

  K02542 PPU12749-RA MCM6; DNA replication licensing factor 

MCM6  

  K02684 PPU15828-RA PRI1; DNA primase small subunit  

  K07466 PPU08237-RA RFA1, RPA1, rpa; replication factor A1 

  K10739 PPU12692-RA RFA2, RPA2; replication factor A2 
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  K10742 PPU08022-RA DNA2; DNA replication ATP-dependent 

helicase Dna2  

  K10756 PPU07648-RA RFC3_5; replication factor C subunit 3/5 

Lysosome ko04142    

  K01137 PPU10678-RA GNS; N-acetylglucosamine-6-sulfatase  

  K01195 PPU05475-RA uidA, GUSB; beta-glucuronidase  

  K01195 PPU05477-RA uidA, GUSB; beta-glucuronidase  

  K01206 PPU09218-RA FUCA; alpha-L-fucosidase  

  K01365 PPU00866-RA CTSL; cathepsin L  

  K12309 PPU07966-RA GLB1, ELNR1; beta-galactosidase  

  K12309 PPU07967-RA GLB1, ELNR1; beta-galactosidase  

  K12347 PPU16040-RA SLC11A1, NRAMP1; natural resistance-

associated macrophage protein 1 

  K12347 PPU16041-RA SLC11A1, NRAMP1; natural resistance-

associated macrophage protein 1 

  K12347 PPU03016-RA SLC11A1, NRAMP1; natural resistance-

associated macrophage protein 1 

  K12373 PPU00496-RA HEXA_B; hexosaminidase  

  K12385 PPU07908-RA NPC1; Niemann-Pick C1 protein 

  K13443 PPU16722-RA NPC2; Niemann-Pick C2 protein 

  K13443 PPU16796-RA NPC2; Niemann-Pick C2 protein 

  K13443 PPU14747-RA NPC2; Niemann-Pick C2 protein 

Glycosaminoglyca

n degradation 

ko00531    

  K01137 PPU10678-RA GNS; N-acetylglucosamine-6-sulfatase  

  K01195 PPU05475-RA uidA, GUSB; beta-glucuronidase  

  K01195 PPU05477-RA uidA, GUSB; beta-glucuronidase  

  K12309 PPU07966-RA GLB1, ELNR1; beta-galactosidase  

  K12309 PPU07967-RA GLB1, ELNR1; beta-galactosidase  

  K12373 PPU00496-RA HEXA_B; hexosaminidase  

Homologous 

recombination 

ko03440    

  K02328 PPU04154-RA POLD2; DNA polymerase delta subunit 2 

  K04482 PPU12792-RA RAD51; DNA repair protein RAD51 

  K07466 PPU08237-RA RFA1, RPA1, rpa; replication factor A1 

  K10739 PPU12692-RA RFA2, RPA2; replication factor A2 

  K10875 PPU10628-RA RAD54L, RAD54; DNA repair and 

recombination protein RAD54 and RAD54-

like protein  

  K10877 PPU10708-RA RAD54B; DNA repair and recombination 

protein RAD54B  

  K10901 PPU04995-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K10901 PPU12559-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K10901 PPU11278-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K15362 PPU13983-RA BRIP1, BACH1, FANCJ; fanconi anemia 

group J protein  

p53 signaling 

pathway 

ko04115    

  K01110 PPU05718-RA PTEN; phosphatidylinositol-3,4,5-

trisphosphate 3-phosphatase and dual-

specificity protein phosphatase PTEN  
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  K05868 PPU11311-RA CCNB1; G2/mitotic-specific cyclin-B1 

  K05868 PPU11762-RA CCNB1; G2/mitotic-specific cyclin-B1 

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

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

  K06641 PPU08348-RA CHEK2; serine/threonine-protein kinase 

CHEK2  

  K10808 PPU10975-RA RRM2; ribonucleoside-diphosphate reductase 

subunit M2 

25℃ vs. 35℃ 15d 

Cell cycle ko04110    

  K02087 PPU15354-RA CDK1, CDC2; cyclin-dependent kinase 1  

  K02209 PPU04675-RA MCM5, 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 PPU01594-RA CDC7; cell division control protein 7  

  K02537 PPU07955-RA MAD2; 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 ORC3; origin recognition complex subunit 3 

  K03094 PPU08315-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08318-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08319-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08321-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 SMAD4; mothers against decapentaplegic 

homolog 4 
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  K04728 PPU00481-RA ATM, TEL1; serine-protein kinase ATM  

  K04802 PPU04168-RA PCNA; proliferating cell nuclear antigen 

  K05868 PPU11311-RA CCNB1; G2/mitotic-specific cyclin-B1 

  K05868 PPU11762-RA CCNB1; G2/mitotic-specific cyclin-B1 

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

  K06627 PPU01123-RA CCNA; cyclin-A 

  K06628 PPU05434-RA CDC45; cell division control protein 45 

  K06631 PPU06867-RA PLK1; polo-like kinase 1  

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

  K06641 PPU08348-RA CHEK2; serine/threonine-protein kinase 

CHEK2  

  K06642 PPU12368-RA PRKDC; DNA-dependent protein kinase 

catalytic subunit  

  K08866 PPU09698-RA TTK, MPS1; serine/threonine-protein kinase 

TTK/MPS1  

  K08866 PPU09941-RA TTK, MPS1; serine/threonine-protein kinase 

TTK/MPS1  

  K10151 PPU02951-RA CCND2; G1/S-specific cyclin-D2 

Cell cycle - yeast ko04111    

  K02209 PPU04675-RA MCM5, 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 PPU01594-RA CDC7; cell division control protein 7  

  K02516 PPU00490-RA PRMT5, HSL7; type II protein arginine 

methyltransferase  

  K02537 PPU07955-RA MAD2; 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 ORC3; origin recognition complex subunit 3 

  K03094 PPU08315-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08318-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08319-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08321-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 

  K06628 PPU05434-RA CDC45; cell division control protein 45 
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  K06641 PPU08348-RA CHEK2; serine/threonine-protein kinase 

CHEK2  

  K06674 PPU04676-RA SMC2; structural maintenance of 

chromosome 2 

  K06676 PPU06494-RA BRRN1, 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 YCG1, 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 

signaling pathway - 

fly 

ko04341    

  K03094 PPU08315-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08318-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08319-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08321-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 PPU03547-RA SPOP; speckle-type POZ protein 

  K10523 PPU05484-RA SPOP; speckle-type POZ protein 

  K10523 PPU06018-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 PPU08689-RA SPOP; speckle-type POZ protein 

DNA replication ko03030    

  K02209 PPU04675-RA MCM5, 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 POLA2; 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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  K02541 PPU10175-RA MCM3; DNA replication licensing factor 

MCM3  

  K02542 PPU12749-RA MCM6; DNA replication licensing factor 

MCM6  

  K02684 PPU15828-RA PRI1; DNA primase small subunit  

  K02685 PPU06749-RA PRI2; DNA primase large subunit 

  K04802 PPU04168-RA PCNA; proliferating cell nuclear antigen 

  K07466 PPU04285-RA RFA1, RPA1, rpa; replication factor A1 

  K07466 PPU08237-RA RFA1, RPA1, rpa; replication factor A1 

  K10739 PPU12692-RA RFA2, RPA2; replication factor A2 

  K10742 PPU08022-RA DNA2; DNA replication ATP-dependent 

helicase Dna2  

  K10747 PPU07349-RA LIG1; DNA ligase 1  

  K10755 PPU13800-RA RFC2_4; replication factor C subunit 2/4 

  K10756 PPU07648-RA RFC3_5; replication factor C subunit 3/5 

Pathways in cancer ko05200    

  K00799 PPU08124-RA GST, gst; glutathione S-transferase  

  K00799 PPU08125-RA GST, gst; glutathione S-transferase  

  K00799 PPU10608-RA GST, gst; glutathione S-transferase  

  K01110 PPU05718-RA PTEN; phosphatidylinositol-3,4,5-

trisphosphate 3-phosphatase and dual-

specificity protein phosphatase PTEN  

  K02183 PPU10310-RA CALM; calmodulin 

  K02842 PPU07897-RA FZD9_10, CD349_50; frizzled 9/10 

  K03094 PPU08315-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08318-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08319-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08321-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 

  K03875 PPU04058-RA SKP2, FBXL1; F-box and leucine-rich repeat 

protein 1 (S-phase kinase-associated protein 

2) 

  K04079 PPU11712-RA HSP90A, htpG; molecular chaperone HtpG 

  K04079 PPU00804-RA HSP90A, htpG; molecular chaperone HtpG 

  K04345 PPU13149-RA PKA; protein kinase A  

  K04482 PPU12792-RA RAD51; DNA repair protein RAD51 

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

binding protein  

  K04501 PPU03472-RA SMAD4; mothers against decapentaplegic 

homolog 4 

  K04725 PPU15774-RA XIAP, BIRC4; E3 ubiquitin-protein ligase 

XIAP  

  K05719 PPU16642-RA ITGB1, CD29; integrin beta 1 

  K05858 PPU09235-RA PLCB; phosphatidylinositol phospholipase 

C, beta  

  K06226 PPU04359-RA SMO; smoothened 

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

  K06627 PPU01123-RA CCNA; cyclin-A 

  K08731 PPU10541-RA BIRC5; baculoviral IAP repeat-containing 

protein 5 

  K08734 PPU01239-RA MLH1; DNA mismatch repair protein MLH1 

  K08735 PPU07570-RA MSH2; DNA mismatch repair protein MSH2 

  K08737 PPU01100-RA MSH6; DNA mismatch repair protein MSH6 

  K09091 PPU07653-RA HEY; hairy and enhancer of split related with 

YRPW motif 

  K09848 PPU05667-RA TRAF4; TNF receptor-associated factor 4 

  K10151 PPU02951-RA CCND2; G1/S-specific cyclin-D2 

Oocyte meiosis ko04114    

  K02087 PPU15354-RA CDK1, CDC2; cyclin-dependent kinase 1  

  K02183 PPU10310-RA CALM; calmodulin 

  K02537 PPU07955-RA MAD2; mitotic spindle assembly checkpoint 

protein MAD2 

  K02602 PPU16672-RA CPEB, ORB; cytoplasmic polyadenylation 

element-binding protein 

  K03094 PPU08315-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08318-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08319-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08321-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 

  K04345 PPU13149-RA PKA; protein kinase A  

  K04348 PPU10776-RA PPP3C, CNA; serine/threonine-protein 

phosphatase 2B catalytic subunit  

  K05868 PPU11311-RA CCNB1; G2/mitotic-specific cyclin-B1 

  K05868 PPU11762-RA CCNB1; G2/mitotic-specific cyclin-B1 

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

  K06631 PPU06867-RA PLK1; polo-like kinase 1  

  K11481 PPU04852-RA AURKA; aurora kinase A  

FoxO signaling 

pathway 

ko04068    
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  K01110 PPU05718-RA PTEN; phosphatidylinositol-3,4,5-

trisphosphate 3-phosphatase and dual-

specificity protein phosphatase PTEN  

  K01596 PPU08675-RA E4.1.1.32, pckA, PCK; phosphoenolpyruvate 

carboxykinase (GTP)  

  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 SMAD4; mothers against decapentaplegic 

homolog 4 

  K04728 PPU00481-RA ATM, TEL1; serine-protein kinase ATM  

  K05868 PPU11311-RA CCNB1; G2/mitotic-specific cyclin-B1 

  K05868 PPU11762-RA CCNB1; G2/mitotic-specific cyclin-B1 

  K06631 PPU06867-RA PLK1; polo-like kinase 1  

  K08863 PPU05979-RA PLK4; polo-like kinase 4  

  K09385 PPU07194-RA FOXG; forkhead box protein G 

  K09385 PPU00814-RA FOXG; forkhead box protein G 

  K10151 PPU02951-RA CCND2; G1/S-specific cyclin-D2 

  K11434 PPU13256-RA PRMT1; type I protein arginine 

methyltransferase  

TGF-beta signaling 

pathway 

ko04350    

  K03094 PPU08315-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08318-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08319-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08321-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 

  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 SMAD4; mothers against decapentaplegic 

homolog 4 

  K04661 PPU05137-RA FST; follistatin 
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Fanconi anemia 

pathway 

ko03460    

  K04482 PPU12792-RA RAD51; DNA repair protein RAD51 

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

  K07466 PPU04285-RA RFA1, RPA1, rpa; replication factor A1 

  K07466 PPU08237-RA RFA1, RPA1, rpa; replication factor A1 

  K08734 PPU01239-RA MLH1; DNA mismatch repair protein MLH1 

  K10739 PPU12692-RA RFA2, RPA2; replication factor A2 

  K10858 PPU01701-RA PMS2; DNA mismatch repair protein PMS2 

  K10891 PPU10147-RA FANCD2; fanconi anemia group D2 protein 

  K10895 PPU05919-RA FANCI; fanconi anemia group I protein 

  K10896 PPU12439-RA FANCM; fanconi anemia group M protein 

  K10901 PPU04995-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K10901 PPU12559-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K10901 PPU11278-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

p53 signaling 

pathway 

ko04115    

  K01110 PPU05718-RA PTEN; phosphatidylinositol-3,4,5-

trisphosphate 3-phosphatase and dual-

specificity protein phosphatase PTEN  

  K02087 PPU15354-RA CDK1, CDC2; cyclin-dependent kinase 1  

  K04728 PPU00481-RA ATM, TEL1; serine-protein kinase ATM  

  K05868 PPU11311-RA CCNB1; G2/mitotic-specific cyclin-B1 

  K05868 PPU11762-RA CCNB1; G2/mitotic-specific cyclin-B1 

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

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

  K06641 PPU08348-RA CHEK2; serine/threonine-protein kinase 

CHEK2  

  K10151 PPU02951-RA CCND2; G1/S-specific cyclin-D2 

  K10808 PPU10975-RA RRM2; ribonucleoside-diphosphate reductase 

subunit M2  

Mismatch repair ko03430    

  K02328 PPU04154-RA POLD2; DNA polymerase delta subunit 2 

  K04802 PPU04168-RA PCNA; proliferating cell nuclear antigen 

  K07466 PPU04285-RA RFA1, RPA1, rpa; replication factor A1 

  K07466 PPU08237-RA RFA1, RPA1, rpa; replication factor A1 

  K08734 PPU01239-RA MLH1; DNA mismatch repair protein MLH1 

  K08735 PPU07570-RA MSH2; DNA mismatch repair protein MSH2 

  K08737 PPU01100-RA MSH6; DNA mismatch repair protein MSH6 

  K10739 PPU12692-RA RFA2, RPA2; replication factor A2 

  K10746 PPU12681-RA EXO1; exonuclease 1  

  K10747 PPU07349-RA LIG1; DNA ligase 1  

  K10755 PPU13800-RA RFC2_4; replication factor C subunit 2/4 

  K10756 PPU07648-RA RFC3_5; replication factor C subunit 3/5 

  K10858 PPU01701-RA PMS2; DNA mismatch repair protein PMS2 

Herpes simplex 

infection 

ko05168    
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  K02087 PPU15354-RA CDK1, CDC2; cyclin-dependent kinase 1  

  K02633 PPU00892-RA PER2; period circadian protein 2 

  K03094 PPU08315-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08318-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08319-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08321-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 

  K03130 PPU13760-RA TAF5; transcription initiation factor TFIID 

subunit 5 

  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  

  K08860 PPU07856-RA EIF2AK3; eukaryotic translation initiation 

factor 2-alpha kinase 3  

  K12881 PPU11021-RA THOC4, ALY; THO complex subunit 4 

  K12896 PPU13741-RA SFRS7; splicing factor, arginine/serine-rich 7 

Wnt signaling 

pathway 

ko04310    

  K02842 PPU07897-RA FZD9_10, CD349_50; frizzled 9/10 

  K03094 PPU08315-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08318-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08319-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08321-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  

  K04348 PPU10776-RA PPP3C, CNA; serine/threonine-protein 

phosphatase 2B catalytic subunit  

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

binding protein  

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

binding protein  
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  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 SMAD4; mothers against decapentaplegic 

homolog 4 

  K05858 PPU09235-RA PLCB; phosphatidylinositol phospholipase 

C, beta  

  K10151 PPU02951-RA CCND2; G1/S-specific cyclin-D2 

Circadian rhythm ko04710    

  K02633 PPU00892-RA PER2; period circadian protein 2 

  K03094 PPU08315-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08316-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08318-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08319-RA SKP1, CBF3D; S-phase kinase-associated 

protein 1 

  K03094 PPU08321-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 

Prostate cancer ko05215    

  K00799 PPU08124-RA GST, gst; glutathione S-transferase  

  K00799 PPU08125-RA GST, gst; glutathione S-transferase  

  K00799 PPU10608-RA GST, gst; glutathione S-transferase  

  K01110 PPU05718-RA PTEN; phosphatidylinositol-3,4,5-

trisphosphate 3-phosphatase and dual-

specificity protein phosphatase PTEN  

  K04079 PPU11712-RA HSP90A, htpG; molecular chaperone HtpG 

  K04079 PPU00804-RA HSP90A, htpG; molecular chaperone HtpG 

  K04374 PPU08093-RA ATF4, CREB2; cyclic AMP-dependent 

transcription factor ATF-4 

  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  

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

Hepatitis B ko05161    

  K01110 PPU05718-RA PTEN; phosphatidylinositol-3,4,5-

trisphosphate 3-phosphatase and dual-

specificity protein phosphatase PTEN  

  K04374 PPU08093-RA ATF4, CREB2; cyclic AMP-dependent 

transcription factor ATF-4 

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

binding protein  

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

binding protein  
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  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 SMAD4; mothers against decapentaplegic 

homolog 4 

  K04802 PPU04168-RA PCNA; proliferating cell nuclear antigen 

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

  K06627 PPU01123-RA CCNA; cyclin-A 

  K08731 PPU10541-RA BIRC5; baculoviral IAP repeat-containing 

protein 5 

HTLV-I infection ko05166    

  K02324 PPU04634-RA POLE; DNA polymerase epsilon subunit 1  

  K02328 PPU04154-RA POLD2; DNA polymerase delta subunit 2 

  K02537 PPU07955-RA MAD2; mitotic spindle assembly checkpoint 

protein MAD2 

  K02842 PPU07897-RA FZD9_10, CD349_50; frizzled 9/10 

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

APC complex 

  K04345 PPU13149-RA PKA; protein kinase A  

  K04348 PPU10776-RA PPP3C, CNA; serine/threonine-protein 

phosphatase 2B catalytic subunit  

  K04374 PPU08093-RA ATF4, CREB2; cyclic AMP-dependent 

transcription factor ATF-4 

  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 SMAD4; mothers against decapentaplegic 

homolog 4 

  K04725 PPU15774-RA XIAP, BIRC4; E3 ubiquitin-protein ligase 

XIAP  

  K04728 PPU00481-RA ATM, TEL1; serine-protein kinase ATM  

  K04802 PPU04168-RA PCNA; proliferating cell nuclear antigen 

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

  K06641 PPU08348-RA CHEK2; serine/threonine-protein kinase 

CHEK2  

  K08874 PPU05371-RA TRRAP; transformation/transcription 

domain-associated protein 

  K09341 PPU04885-RA MSX; homeobox protein MSX 

  K09341 PPU04886-RA MSX; homeobox protein MSX 

  K10151 PPU02951-RA CCND2; G1/S-specific cyclin-D2 

Hedgehog 

signaling pathway 

ko04340    

  K04345 PPU13149-RA PKA; protein kinase A  

  K06226 PPU04359-RA SMO; smoothened 

  K06233 PPU15372-RA LRP2; low density lipoprotein-related protein 

2 

  K10151 PPU02951-RA CCND2; G1/S-specific cyclin-D2 
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  K10523 PPU03547-RA SPOP; speckle-type POZ protein 

  K10523 PPU05484-RA SPOP; speckle-type POZ protein 

  K10523 PPU06018-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 PPU08689-RA SPOP; speckle-type POZ protein 

Meiosis - yeast ko04113    

  K02209 PPU04675-RA MCM5, 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 PPU01594-RA CDC7; cell division control protein 7  

  K02537 PPU07955-RA MAD2; 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 ORC3; origin recognition complex subunit 3 

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

APC complex 

  K04345 PPU13149-RA PKA; protein kinase A  

  K06628 PPU05434-RA CDC45; cell division control protein 45 

Homologous 

recombination 

ko03440    

  K02328 PPU04154-RA POLD2; DNA polymerase delta subunit 2 

  K04482 PPU12792-RA RAD51; DNA repair protein RAD51 

  K04728 PPU00481-RA ATM, TEL1; serine-protein kinase ATM  

  K07466 PPU04285-RA RFA1, RPA1, rpa; replication factor A1 

  K07466 PPU08237-RA RFA1, RPA1, rpa; replication factor A1 

  K10739 PPU12692-RA RFA2, RPA2; replication factor A2 

  K10875 PPU10628-RA RAD54L, RAD54; DNA repair and 

recombination protein RAD54 and RAD54-

like protein  

  K10877 PPU10708-RA RAD54B; DNA repair and recombination 

protein RAD54B  

  K10901 PPU04995-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K10901 PPU12559-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K10901 PPU11278-RA BLM, RECQL3, SGS1; bloom syndrome 

protein  

  K11864 PPU04159-RA BRCC3, BRCC36; BRCA1/BRCA2-

containing complex subunit 3  

Glucagon signaling 

pathway 

ko04922    

  K00016 PPU09368-RA LDH, ldh; L-lactate dehydrogenase  

  K01596 PPU08675-RA E4.1.1.32, pckA, PCK; phosphoenolpyruvate 

carboxykinase (GTP)  
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  K02183 PPU10310-RA CALM; calmodulin 

  K03841 PPU05038-RA FBP, fbp; fructose-1,6-bisphosphatase I  

  K04345 PPU13149-RA PKA; protein kinase A  

  K04348 PPU10776-RA PPP3C, CNA; serine/threonine-protein 

phosphatase 2B catalytic subunit  

  K04374 PPU08093-RA ATF4, CREB2; cyclic AMP-dependent 

transcription factor ATF-4 

  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  

  K05858 PPU09235-RA PLCB; phosphatidylinositol phospholipase 

C, beta  

  K11434 PPU13256-RA PRMT1; type I protein arginine 

methyltransferase  

MicroRNAs in 

cancer 

ko05206    

  K00558 PPU04864-RA DNMT1, dcm; DNA (cytosine-5)-

methyltransferase 1  

  K01110 PPU05718-RA PTEN; phosphatidylinositol-3,4,5-

trisphosphate 3-phosphatase and dual-

specificity protein phosphatase PTEN  

  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  

  K04728 PPU00481-RA ATM, TEL1; serine-protein kinase ATM  

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

  K10151 PPU02951-RA CCND2; G1/S-specific cyclin-D2 

  K10373 PPU15645-RA TPM1; tropomyosin 1 

  K10373 PPU15646-RA TPM1; tropomyosin 1 

  K12035 PPU03859-RA TRIM71; tripartite motif-containing protein 

71  

  K12035 PPU11630-RA TRIM71; tripartite motif-containing protein 

71  

Progesterone-

mediated oocyte 

maturation 

ko04914    

  K02087 PPU15354-RA CDK1, CDC2; cyclin-dependent kinase 1  

  K02537 PPU07955-RA MAD2; mitotic spindle assembly checkpoint 

protein MAD2 

  K02602 PPU16672-RA CPEB, ORB; cytoplasmic polyadenylation 

element-binding protein 

  K04079 PPU11712-RA HSP90A, htpG; molecular chaperone HtpG 

  K04079 PPU00804-RA HSP90A, htpG; molecular chaperone HtpG 

  K04345 PPU13149-RA PKA; protein kinase A  

  K05868 PPU11311-RA CCNB1; G2/mitotic-specific cyclin-B1 
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  K05868 PPU11762-RA CCNB1; G2/mitotic-specific cyclin-B1 

  K06627 PPU01123-RA CCNA; cyclin-A 

  K06631 PPU06867-RA PLK1; polo-like kinase 1  

  K11481 PPU04852-RA AURKA; aurora kinase A  

Alcoholism ko05034    

  K02183 PPU10310-RA CALM; calmodulin 

  K04345 PPU13149-RA PKA; protein kinase A  

  K04374 PPU08093-RA ATF4, CREB2; cyclic AMP-dependent 

transcription factor ATF-4 

  K04534 PPU09386-RA GNAO, G-ALPHA-O; guanine nucleotide-

binding protein G(o) subunit alpha 

  K08155 PPU08459-RA SLC18A1_2, VMAT; MFS transporter, 

DHA1 family, solute carrier family 18 

(vesicular amine transporter), member 1/2 

  K11251 PPU08178-RA H2A; histone H2A 

  K11251 PPU08465-RA H2A; histone H2A 

  K11251 PPU12448-RA H2A; histone H2A 

  K11251 PPU11206-RA H2A; histone H2A 

  K11251 PPU02559-RA H2A; histone H2A 

  K11252 PPU08466-RA H2B; histone H2B 

  K11252 PPU08470-RA H2B; histone H2B 

  K11252 PPU12449-RA H2B; histone H2B 

  K11252 PPU10549-RA H2B; histone H2B 

  K11252 PPU16755-RA H2B; histone H2B 

  K11253 PPU08186-RA H3; histone H3 

  K11253 PPU08400-RA H3; histone H3 

  K11253 PPU12446-RA H3; histone H3 

  K11253 PPU12504-RA H3; histone H3 

  K11253 PPU16757-RA H3; histone H3 

  K11253 PPU00032-RA H3; histone H3 

  K11254 PPU08177-RA H4; histone H4 

  K11254 PPU08405-RA H4; histone H4 

  K11254 PPU12445-RA H4; histone H4 

  K11303 PPU11070-RA HAT1, KAT1; histone acetyltransferase 1 

�

�
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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 PpAcph1  Venom acid phosphatase Acph-1 

PPU03334-RA PpAda2_3  Adenosine deaminase 2 

PPU16128-RA PpAdamts16 

 A disintegrin and metalloproteinase with thrombospondin 

motifs 16 

PPU03751-RA PpAdf1_2  Transcription factor Adf-1 

PPU03477-RA PpAkr1  Akirin-1 

PPU03682-RA PpAN1ZF6  AN1-type zinc finger protein 6 

PPU06512-RA PpANK1_2  Ankyrin-1 

PPU11233-RA PpANK2_1  Ankyrin-2 

PPU03123-RA PpANK3_1  Ankyrin-3 

PPU06819-RA PpANK3_2  Ankyrin-3 

PPU07804-RA PpANK3_3  Ankyrin-3 

PPU07517-RA PpANKHD1_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 

PPU06748-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 PpC1B  Pupal cuticle protein C1B 

PPU08837-RA PpCad89D  Cadherin-89D 

PPU12338-RA PpCathD  Cathepsin D  

PPU11098-RA PpCCCP  Circadian clock-controlled protein 

PPU01594-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 

PPU06756-RA Ppck  Myosin-VIIa 

PPU03877-RA Ppcort  Protein cortex 

PPU07369-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 

PPU05858-RA PpCTR2_1  Chymotrypsin-2 

PPU07216-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 Ppcut1  Cuticlin-1 

PPU07752-RA PpCYB561d1  Cytochrome b561 domain-containing protein 1 

PPU03759-RA PpCYP12A2  Cytochrome P450 CYP12A2 

PPU08057-RA PpCYP6a14_1  Probable cytochrome P450 6a14 

PPU14016-RA PpCYP6a14_2  Probable cytochrome P450 6a14 

PPU05525-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 

PPU08282-RA Ppdl  Embryonic polarity protein dorsal 

PPU12369-RA PpDnah3  Dynein heavy chain 3, axonemal 

PPU06340-RA PpDNAT  Dopamine N-acetyltransferase 

PPU07949-RA PpDpep1  Dipeptidase 1 

PPU06983-RA PpE4  Esterase E4 

PPU05762-RA PpEEED8.10  Putative RNA-binding protein EEED8.10 

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 Ppfln  Flightin 

PPU11304-RA PpFPV162_1  Putative ankyrin repeat protein FPV162 

PPU11320-RA PpFPV162_2  Putative ankyrin repeat protein FPV162 

PPU11271-RA PpFPV234  Putative ankyrin repeat protein FPV234 

PPU09186-RA PpFPV244  Putative ankyrin repeat protein FPV244 

PPU12377-RA Ppfu  Serine/threonine-protein kinase fused 

PPU12686-RA Ppgbb  Protein 60A 

PPU07988-RA PpGld_1  Glucose dehydrogenase [FAD, quinone] 

PPU03138-RA PpGld_2  Glucose dehydrogenase [FAD, quinone] 

PPU08393-RA PpGld_3  Glucose dehydrogenase [FAD, quinone] 

PPU16038-RA PpGld_4  Glucose dehydrogenase [FAD, quinone] 

PPU06783-RA PpGr32a  Gustatory and pheromone receptor 32a 

PPU07240-RA Ppgw_1  Serine/threonine-protein kinase greatwall   

PPU13793-RA Ppgw_2  Serine/threonine-protein kinase greatwall   

PPU08473-RA PpH1  Histone H1 

PPU12503-RA PpH1_2  Histone H1, early embryonic 

PPU12447-RA PpH1C  Histone H1C 

PPU12448-RA PpH2A_3  Histone H2A 

PPU13733-RA Pphb  Protein hunchback (Fragment)  

PPU01079-RA PpHoxa3  Homeobox protein Hox-A3 

PPU10673-RA PpHpgd_1  15-hydroxyprostaglandin dehydrogenase [NAD(+)]  

PPU13856-RA PpHpgd_2  15-hydroxyprostaglandin dehydrogenase [NAD(+)] 

PPU14756-RA PpHpgd_3  15-hydroxyprostaglandin dehydrogenase [NAD(+)] 

PPU16579-RA PpIQCG_2  IQ domain-containing protein G 

PPU01124-RA Ppkbp  Glutamate receptor U1 

PPU12436-RA PpKyat1  Kynurenine--oxoglutarate transaminase 1 

PPU12438-RA Ppkyat3  Kynurenine--oxoglutarate transaminase 3   

PPU04227-RA PpLCC4_1  Laccase-4 

PPU10156-RA PpLCP17  Larval cuticle protein LCP-17  

PPU07195-RA Pplinprp2  Pancreatic lipase-related protein 2 

PPU13511-RA PpLIP3_1  Lipase 3 

PPU10150-RA PpLIP3_2  Lipase 3 

PPU07948-RA PpLIPHB  Lipase member H-B 

PPU11431-RA PpLIPK_2  Lipase member K 

PPU10601-RA PpLMPEP  Leucyl-cystinyl aminopeptidase 

PPU05756-RA PpLRP2_1  Low-density lipoprotein receptor-related protein 2 

PPU12625-RA PpLRP2_2  Low-density lipoprotein receptor-related protein 2 

PPU11300-RA PpLRP5  Low-density lipoprotein receptor-related protein 5 

PPU00431-RA PpLTE_2  Lectizyme 

PPU03873-RA Pplyrm2  LYR motif-containing protein 2 

PPU03963-RA PpMENT  Heterochromatin-associated protein MENT  

PPU05850-RA PpMIMIL88  Putative ankyrin repeat protein L88 

PPU07177-RA PpMIMIL93_1  Putative ankyrin repeat protein L93 
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PPU16155-RA PpMIMIL93_2  Putative ankyrin repeat protein L93 

PPU07677-RA PpmodSP  Modular serine protease 

PPU07513-RA PpMRJP2_1  Major royal jelly protein 2  

PPU07602-RA PpMRJP2_2  Major royal jelly protein 2  

PPU05112-RA PpmrkA  Probable serine/threonine-protein kinase MARK-A 

PPU11283-RA PpMRSP4_3  Multidrug resistance-associated protein 4 

PPU00504-RA Ppmth2  G-protein coupled receptor Mth2 

PPU09724-RA PpMYO5B  Unconventional myosin-Vb 

PPU11163-RA Ppnap1/1  Nucleosome assembly protein 1-like 1 

PPU03690-RA PpNep2_1  Neprilysin-2 

PPU07364-RA PpNep2_2  Neprilysin-2 

PPU02791-RA PpNotch3  Neurogenic locus notch homolog protein 3 

PPU07908-RA PpNpc1b  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 

PPU05185-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 PpOR9a  Odorant receptor 9a 

PPU09355-RA PpPAT1  Proton-coupled amino acid transporter 1 

PPU05387-RA PpPicot_1  Putative inorganic phosphate cotransporter 

PPU05389-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 

PPU06103-RA PpPNLIRP2  Pancreatic lipase-related protein 2 

PPU03628-RA PpPP6R1_1 

 Serine/threonine-protein phosphatase 6 regulatory ankyrin 

repeat subunit A 

PPU06685-RA PpPP6R1_2 

 Serine/threonine-protein phosphatase 6 regulatory ankyrin 

repeat subunit A 

PPU09706-RA PpPP6R1_3 

 Serine/threonine-protein phosphatase 6 regulatory ankyrin 

repeat subunit A 

PPU05839-RA PpPP6R2_1 

 Serine/threonine-protein phosphatase 6 regulatory ankyrin 

repeat subunit B  

PPU10982-RA PpPP6R2_2 

 Serine/threonine-protein phosphatase 6 regulatory ankyrin 

repeat subunit B 

PPU11319-RA PpPP6R2_3 

 Serine/threonine-protein phosphatase 6 regulatory ankyrin 

repeat subunit B 

PPU11375-RA PpPP6R2_4 

 Serine/threonine-protein phosphatase 6 regulatory ankyrin 

repeat subunit B  

PPU12957-RA PpPRDM13  PR domain zinc finger protein 13 

PPU10198-RA PpPTTH  Prothoracicotropic hormone 

PPU15762-RA PpPxd  Peroxidase 

PPU07588-RA Pprdx_1  Protein roadkill 

PPU08691-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 PpRpn11  26S proteasome non-ATPase regulatory subunit 14 

PPU04134-RA PpSaS  Probable salivary secreted peptide 

PPU06913-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 PpScpep1_1  Retinoid-inducible serine carboxypeptidase 

PPU06541-RA PpScpep1_2  Retinoid-inducible serine carboxypeptidase 

PPU13555-RA PpSDR1  Farnesol dehydrogenase 

PPU03404-RA PpSerpin  Serine protease inhibitor I/II 

PPU13072-RA PpSgAbd2  Endocuticle structural glycoprotein SgAbd-2 

PPU04277-RA PpshakB  Innexin shaking-B 

PPU08316-RA Ppskp1_1  S-phase kinase-associated protein 1 

PPU09757-RA Ppskp1_2  S-phase kinase-associated protein 1 

PPU02066-RA PpSlc16a9  Monocarboxylate transporter 9 

PPU08573-RA PpSmox  Spermine oxidase 

PPU08517-RA PpSMYD4_1  SET and MYND domain-containing protein 4 

PPU03217-RA PpSP34  Venom serine protease 34 

PPU04679-RA PpSpdya  Speedy protein A 

PPU06598-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 PpSUN1  SUN domain-containing protein 1 

PPU04600-RA PpSV2C  Synaptic vesicle glycoprotein 2C 

PPU09907-RA PpTl  Protein toll 

PPU10310-RA PpTnC1  Troponin C, isoform 1 

PPU09275-RA PpTnks  Tankyrase 

PPU09689-RA PpTnks1  Tankyrase-1 

PPU16736-RA PpToll7  Toll-like receptor 7 

PPU03506-RA PpTret1  Facilitated trehalose transporter Tret1  quinquefasciatus    

PPU03107-RA PpTRY1_1  Trypsin-1  

PPU00429-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 
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PPU03540-RA PpTRYe_1  Trypsin epsilon  

PPU03541-RA PpTRYe_2  Trypsin epsilon  

PPU06048-RA PpTuba1b  Tubulin alpha-1B chain 

PPU06638-RA PpTZAP  Telomere zinc finger-associated protein 

PPU16165-RA PpU1snr70  U1 small nuclear ribonucleoprotein 70 kDa 

PPU03476-RA PpU1snrC  U1 small nuclear ribonucleoprotein C 

PPU03239-RA PpVA3_1  Venom allergen 3 

PPU10163-RA PpVA5.02  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 PpZfp120  Zinc finger protein 120 

PPU11011-RA PpZNF512B  Zinc finger protein 512B 

PPU10993-RA PpZNF624  Zinc finger protein 624 

!����166�  

PPU13131-RA Pp5HH  Probable 5-hydroxyisourate hydrolase R09H10.3 

PPU04648-RA PpA10  Putative odorant-binding protein A10 

PPU01996-RA PpAADAT 

 Kynurenine/alpha-aminoadipate aminotransferase, 

mitochondrial 

PPU13382-RA PpAC10  Adenylate cyclase type 10 

PPU15657-RA PpAce  Acetylcholinesterase 

PPU03332-RA PpAda2_1  Adenosine deaminase 2 

PPU03333-RA PpAda2_2  Adenosine deaminase 2 

PPU07922-RA PpAdh  Alcohol dehydrogenase [NADP(+)] 

PPU04408-RA Ppak8  Adenylate kinase 8   

PPU13419-RA Ppakie1  Adenylate kinase isoenzyme 1 

PPU04811-RA PpAllc  Probable allantoicase 

PPU11610-RA Ppamn  Protein amnionless 

PPU06490-RA PpANK1_1  Ankyrin-1 

PPU16771-RA PpANK2_2  Ankyrin-2 

PPU00448-RA PpANKHD1_1  Ankyrin repeat and KH domain-containing protein 1 

PPU16169-RA PpAnkle1  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   

PPU01055-RA PpASPM 

 Abnormal spindle-like microcephaly-associated protein 

homolog 

PPU05932-RA PpATRY  Anionic trypsin  

PPU07947-RA PpAZI2  Antizyme inhibitor 2 

PPU15566-RA PpBend6  BEN domain-containing protein 6 

PPU12822-RA PpBglub  Beta-1,3-glucan-binding protein 

PPU07384-RA PpC21orf59h  UPF0769 protein C21orf59 homolog 

PPU00866-RA PpCathL  Cathepsin L 

PPU11062-RA PpCCDC96  Coiled-coil domain-containing protein 96 

PPU04265-RA PpCela1  Chymotrypsin-like elastase family member 1 

PPU08118-RA PpCela2a  Chymotrypsin-like elastase family member 2A 

PPU04336-RA PpChchd2 

 Coiled-coil-helix-coiled-coil-helix domain-containing protein 

2 

PPU04761-RA PpCHDS  Cholesterol 7-desaturase 

PPU01333-RA PpCNDP2  Cytosolic non-specific dipeptidase 

PPU09882-RA Ppcops5  COP9 signalosome complex subunit 9 

PPU07367-RA Ppcpv4_4  Pacifastin-like protease inhibitor cvp4 

PPU04131-RA PpCRYAB_1  Protein lethal(2)essential for life 

PPU04132-RA PpCRYAB_2  Protein lethal(2)essential for life 

PPU04133-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 

PPU08497-RA PpCTR2_8  Chymotrypsin-2 

PPU12255-RA PpCTRYOB  Chymotrypsinogen B 

PPU12642-RA PpCts8  Cathepsin 8 

PPU13146-RA PpCU19  Cuticle protein 19 

PPU07306-RA PpCYP6a14_3  Probable cytochrome P450 6a14 

PPU09664-RA PpCYP6a14_4  Probable cytochrome P450 6a14 

PPU01268-RA PpCYP9E2_1  Cytochrome P450 9e2 

PPU10857-RA PpCYP9E2_2  Cytochrome P450 9e2 

PPU05524-RA PpD1044.1_1  Uncharacterized kinase-like protein D1044.1 

PPU05525-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 

PPU05335-RA PpDnr1  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 

PPU07936-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 Ppgadl1  Acidic amino acid decarboxylase GADL1 (Fragment) 

PPU11188-RA PpGGT1  Glutathione hydrolase 1 proenzyme 

PPU12514-RA PpGHSR1  Growth hormone secretagogue receptor type 1 

PPU03152-RA PpGld_5  Glucose dehydrogenase [FAD, quinone] 

PPU03138-RA PpGld_2  Glucose dehydrogenase [FAD, quinone] 

PPU04102-RA PpGr2a  Putative gustatory receptor 2a 

PPU05184-RA PpGr64f  Gustatory receptor for sugar taste 64f 

PPU08473-RA PpH1_1  Histone H1 

PPU08178-RA PpH2A_1  Histone H2A 

PPU08355-RA PpH2A_2  Histone H2A 

PPU08466-RA PpH2B_1  Histone H2B.1/H2B.2 

PPU16755-RA PpH2B_2  Histone H2B.1/H2B.2 

PPU08359-RA PpH2B_3  Histone H2B.1/H2B.2 

PPU08186-RA PpH3  Histone H3  

PPU08177-RA PpH4  Histone H4  

PPU16121-RA PpHecw2  E3 ubiquitin-protein ligase HECW2 

PPU08588-RA PpHLPSB_1  Hemolymph lipopolysaccharide-binding protein 

PPU09440-RA PpHLPSB_2  Hemolymph lipopolysaccharide-binding protein 

PPU12734-RA PpHMCN1  Hemicentin-1 

PPU01779-RA PpHNF4a  Hepatocyte nuclear factor 4-alpha 

PPU09869-RA PpHSP68_1  Heat shock protein 68 

PPU09871-RA PpHSP68_2  Heat shock protein 68 

PPU00804-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 PpIft172  Intraflagellar transport protein 172 homolog 

PPU14111-RA PpIQCG_1  IQ 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 PpLip1  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 PpMAL1  Maltase 1 

PPU05921-RA PpMIPP1  Multiple inositol polyphosphate phosphatase 1 

PPU12871-RA PpMP1  Melanization protease 1 

PPU06909-RA PpMRC1  Macrophage mannose receptor 1 

PPU05414-RA Ppmsta_1  Protein msta, isoform A 

PPU13063-RA Ppmsta_2  Protein msta, isoform A 

PPU13895-RA Ppnas14  Zinc metalloproteinase nas-14 

PPU00390-RA Ppndl  Serine protease nudel 

PPU13318-RA PpNep2_3  Neprilysin-2 

PPU13319-RA PpNep2_4  Neprilysin-2 

PPU11630-RA Ppnhl1  RING finger protein nhl-1 

PPU12812-RA PpNPL  N-acetylneuraminate lyase 

PPU06505-RA Ppnr2e1  Nuclear receptor subfamily 2 group E member 1 

PPU06361-RA Ppnrf6_5  Nose resistant to fluoxetine protein 6 

PPU09230-RA PpLIPRP2  Pancreatic lipase-related protein 2 

PPU15679-RA PpOBP56d  General odorant-binding protein 56d 

PPU03978-RA PpobstE_1  Protein obstructor-E 

PPU01603-RA PpOCL1  Omega-conotoxin-like protein 1 

PPU12965-RA PpOdc1  Ornithine decarboxylase 

PPU01104-RA PpOR4_1  Odorant receptor 4 

PPU10504-RA PpOR4_2  Odorant receptor 4 

PPU12298-RA Ppp53_2  Cellular tumor antigen p53  

PPU00892-RA Ppper  Period circadian protein 

PPU05388-RA PpPicot_4  Putative inorganic phosphate cotransporter 

PPU04615-RA PpPNLIP  Pancreatic triacylglycerol lipase (Fragment) 

PPU11379-RA PpPP6R1_4 

 Serine/threonine-protein phosphatase 6 regulatory ankyrin 

repeat subunit A 

PPU04214-RA PpPrm  Paramyosin, long form 

PPU05064-RA PpRAB28  Ras-related protein Rab-28 

PPU06071-RA PpRB1CC1  RB1-inducible coiled-coil protein 1 

PPU16658-RA PpRDH1  Retinal dehydrogenase 1 

PPU11746-RA PpRHGAP6  Rho GTPase-activating protein 6 

PPU03347-RA PpRrm1  Ribonucleoside-diphosphate reductase large subunit 

PPU05090-RA Ppsas  Putative epidermal cell surface receptor 

PPU03936-RA Ppscmct2  Sodium-coupled monocarboxylate transporter 2 

PPU00858-RA PpScrt1  Transcriptional repressor scratch 1 

PPU09994-RA PpSdhA 

 Succinate dehydrogenase [ubiquinone] flavoprotein subunit, 

mitochondrial 

PPU00404-RA PpSDR1  Farnesol dehydrogenase 

PPU12256-RA PpSerp55  Serine protease 55 

PPU12508-RA PpSMYD4_2  SET and MYND domain-containing protein 4  

PPU12509-RA PpSMYDDDB  SET and MYND domain-containing protein DDB_G0273591 

PPU08543-RA PpSnk  Serine protease snake 

PPU06529-RA Ppspop_4  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 

PPU05989-RA PpTRY1_5  Trypsin-1 

PPU05996-RA PpTRY1_6  Trypsin-1 

PPU05994-RA PpTRY7_2  Trypsin-7 

PPU14727-RA Pptwist  Twist-related protein 

PPU07441-RA PpUDPGLUT  Ecdysteroid UDP-glucosyltransferase 

PPU13924-RA Ppugt3  UDP-glucuronosyltransferase (Fragment) 

PPU05825-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 

PPU00556-RA PpVP_1  Capsid protein VP1 

PPU12302-RA Ppy_1  Protein yellow 

PPU01716-RA PpYNG2  Chromatin modification-related protein YNG2 

PPU06911-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 PpAbcg1  ATP-binding cassette sub-family G member 1 

PPU11296-RA PpADCY3  Adenylate cyclase type 3 

PPU01589-RA PpAdf1_1  Transcription factor Adf-1 

PPU03812-RA PpAdh_1  Alcohol dehydrogenase 

PPU04113-RA PpAdh_2  Alcohol dehydrogenase [NADP(+)] A 

PPU03906-RA PpAGRB1  Adhesion G protein-coupled receptor B1 

PPU07659-RA PpAgrn  Agrin 

PPU16169-RA PpAnkle1  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 

PPU06172-RA Ppbanf1  Barrier-to-autointegration factor 

PPU05912-RA Ppboca  LDLR chaperone boca 

PPU11365-RA PpC594.04c  Uncharacterized protein C594.04c 

PPU12338-RA PpCathD  Cathepsin D  

PPU00866-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 PpCdk2ap1  Cyclin-dependent kinase 2-associated protein 1 

PPU06007-RA PpCGAS  Cyclic GMP-AMP synthase 

PPU12466-RA PpCGL  Cystathionine gamma-lyase 

PPU07620-RA PpChia_1  Acidic mammalian chitinase 

PPU11443-RA PpChia_2  Acidic mammalian chitinase 

PPU12435-RA PpCHIT1  Chitotriosidase-1 

PPU03344-RA PpCHS8  Chitin synthase 8 

PPU07637-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 PpCpg1  Chondroitin proteoglycan 1 

PPU10095-RA PpCTL2  CTL-like protein 2 

PPU04549-RA PpCtnnal1  Alpha-catulin 

PPU14690-RA PpCTRIN  Chymotrypsin inhibitor 

PPU12247-RA PpCTROA  Chymotrypsinogen A 
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PPU07752-RA PpCYB561d1  Cytochrome b561 domain-containing protein 1 

PPU03759-RA PpCYP12A2  Cytochrome P450 CYP12A2 

PPU01689-RA PpCYP4C1_1  Cytochrome P450 4C1 

PPU09202-RA PpCYP4C1_2  Cytochrome P450 4C1 

PPU10700-RA PpCYP4C1_3  Cytochrome P450 4C1 

PPU12259-RA PpCYP4C1_4  Cytochrome P450 4C1 

PPU06358-RA PpCYP6a13  Probable cytochrome P450 6a13 

PPU00386-RA PpDcaf5  DDB1- and CUL4-associated factor 5 

PPU07249-RA PpDcp1  Caspase-1 

PPU12369-RA PpDnah3  Dynein heavy chain 3, axonemal 

PPU07871-RA PpDnah7  Dynein heavy chain 7, axonemal 

PPU06340-RA PpDNAT  Dopamine N-acetyltransferase 

PPU09618-RA PpDS  Protein dachsous 

PPU01371-RA PpEFGM  Elongation factor G, mitochondrial 

PPU13498-RA PpEGT  Ecdysteroid UDP-glucosyltransferase 

PPU06266-RA PpELVL  Elongation of very long chain fatty acids protein AAEL008004 

PPU16914-RA PpEST6  Venom carboxylesterase-6 

PPU14134-RA Ppexog_2  Nuclease EXOG, mitochondrial 

PPU03662-RA PpFAR  Fatty acyl-CoA reductase wat 

PPU13996-RA PpFASN  Fatty acid synthase  

PPU03926-RA PpFucTC  Alpha-(1,3)-fucosyltransferase C 

PPU01120-RA PpGBRB  Gamma-aminobutyric acid receptor subunit beta-like 

PPU13656-RA PpGcc2  GRIP and coiled-coil domain-containing protein 2 

PPU08554-RA PpGGPS1  Geranylgeranyl pyrophosphate synthase 

PPU08391-RA PpGld_3  Glucose dehydrogenase [FAD, quinone] 

PPU08392-RA PpGld_4  Glucose dehydrogenase [FAD, quinone] 

PPU10678-RA PpGNS  N-acetylglucosamine-6-sulfatase 

PPU16460-RA PpGT2_1  Trihelix transcription factor GT-2 

PPU16074-RA PpGT2_2  Trihelix transcription factor GT-2 

PPU08584-RA PpGUC2  Retinal guanylyl cyclase 2 

PPU13674-RA PpHly  Hemolysin E  coli O157�H7    

PPU14753-RA PpHpgd_2  15-hydroxyprostaglandin dehydrogenase [NAD(+)] 

PPU10503-RA PpIFT74  Intraflagellar transport protein 74 homolog 

PPU05391-RA PpIPCT  Putative inorganic phosphate cotransporter 

PPU05897-RA PpISL1  Insulin gene enhancer protein ISL-1 

PPU03162-RA PpITGA9  Integrin alpha-9 

PPU14758-RA PpJBR1  Jouberin 

PPU06370-RA PpKANK1  KN motif and ankyrin repeat domain-containing protein 1 

PPU04234-RA PpKCNT2  Potassium channel subfamily T member 2 

PPU14683-RA PpLOX3  Lysyl oxidase homolog 3A 

PPU09193-RA PpLPSBP_2  Hemolymph lipopolysaccharide-binding protein 

PPU05756-RA PpLRP2_1  Low-density lipoprotein receptor-related protein 2 

PPU12625-RA PpLRP2_2  Low-density lipoprotein receptor-related protein 2 
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PPU03914-RA PpLRP4  Low-density lipoprotein receptor-related protein 4 

PPU13534-RA PpLRP5  Low-density lipoprotein receptor-related protein 5 

PPU10738-RA PpLRRC4C  Leucine-rich repeat-containing protein 4C 

PPU00431-RA PpLTE_2  Lectizyme 

PPU14762-RA PpMETTL22  Methyltransferase-like protein 22 

PPU05921-RA PpMIPP1  Multiple inositol polyphosphate phosphatase 1 

PPU10960-RA PpMRSP4_1  Multidrug resistance-associated protein 4 

PPU10963-RA PpMRSP4_2  Multidrug resistance-associated protein 4 

PPU11283-RA PpMRSP4_3  Multidrug resistance-associated protein 4 

PPU06491-RA Ppmys  Integrin beta-PS 

PPU09225-RA PpNCP2  Nucleolar complex protein 2 homolog 

PPU09631-RA PpNLG1  Neuroligin-1 

PPU07704-RA PpNLG3  Neuroligin-3 

PPU02791-RA PpNotch3  Neurogenic locus notch homolog protein 3 

PPU15203-RA PpNPH  Nephrin 

PPU15397-RA PpNthl1  Endonuclease III-like protein 1 

PPU15661-RA PpOBP56d_2  General odorant-binding protein 56d 

PPU09374-RA PpOdf2  Outer dense fiber protein 2 

PPU08048-RA PpOR10a  Odorant receptor 10a 

PPU12455-RA PpOR2  Odorant receptor Or2 

PPU01106-RA PpOR43a  Odorant receptor 43a 

PPU09355-RA PpPAT1  Proton-coupled amino acid transporter 1 

PPU08675-RA PpPepck  Phosphoenolpyruvate carboxykinase [GTP] 

PPU03480-RA PpPFM  Parafibromin  

PPU11235-RA PpPLB1  Phospholipase B1, membrane-associated 

PPU09687-RA PpPNLIP  Pancreatic triacylglycerol lipase (Fragment) 

PPU00494-RA PpPTL  Pancreatic triacylglycerol lipase 

PPU00445-RA Ppqvr  Protein quiver 

PPU03757-RA Ppresil  Pro-resilin 

PPU09764-RA PpRPA70_1  Replication protein A 70 kDa DNA-binding subunit 

PPU02517-RA PpS35E1  Solute carrier family 35 member E1 homolog 

PPU04036-RA PpSC2  Peptidoglycan-recognition protein SC2 

PPU08555-RA PpScd3  Acyl-CoA desaturase 3 

PPU06541-RA PpScpep1  Retinoid-inducible serine carboxypeptidase 

PPU03404-RA PpSerpin  Serine protease inhibitor I/II 

PPU08261-RA PpShaw  Potassium voltage-gated channel protein Shaw 

PPU02771-RA Ppsnmp  Sensory neuron membrane protein 1 

PPU05884-RA PpSNO  Senecionine N-oxygenase 

PPU10160-RA PpSNX25  Sorting nexin-25 

PPU07058-RA PpSP4  Transcription factor Sp4 

PPU06096-RA PpSPB8  Serpin B8 

PPU04828-RA PpSPCE  Probable sodium/potassium/calcium exchanger CG1090 

PPU06527-RA Ppspop_2  Speckle-type POZ protein 
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PPU06596-RA Ppspop_3  Speckle-type POZ protein 

PPU08155-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 

PPU06413-RA PpSvep1 

 Sushi, von Willebrand factor type A, EGF and pentraxin domain-

containing protein 1 

PPU06852-RA Ppteme151b  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 PpTret1_2  Facilitated trehalose transporter Tret1 

PPU08997-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 PpTTLL9  Probable tubulin polyglutamylase TTLL9 

PPU03403-RA Ppunc89  Muscle M-line assembly protein unc-89 

PPU07827-RA PpURH1_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 Ppzag1  Zinc finger E-box-binding homeobox protein zag-1 

PPU07753-RA Ppzig8_2  Zwei Ig domain protein zig-8 
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PPU04797-RA Pp4CL1  Probable 4-coumarate--CoA ligase 3 

PPU13131-RA Pp5HH  Probable 5-hydroxyisourate hydrolase R09H10.3 

PPU13774-RA PpAcph1  Venom acid phosphatase Acph-1 

PPU03335-RA PpADA2  Adenosine deaminase 2 

PPU03751-RA PpAdf1_2  Transcription factor Adf-1 

PPU04017-RA PpALP1 

 Protein ANTAGONIST OF LIKE HETEROCHROMATIN 

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 

PPU05053-RA PpArsb  Arylsulfatase B 

PPU06331-RA PpAST5  Achaete-scute complex protein T5 
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PPU07947-RA PpAZI2  Antizyme inhibitor 2 

PPU10950-RA PpB1  B1 protein (Fragment) 

PPU04715-RA PpBBS4  Bardet-Biedl syndrome 4 protein 

PPU11062-RA PpCCDC96  Coiled-coil domain-containing protein 96 

PPU04761-RA PpCHDS  Cholesterol 7-desaturase 

PPU01199-RA PpChp  Chaoptin 

PPU07268-RA PpCREG1  Protein CREG1 

PPU04133-RA PpCRYAB  Protein lethal(2)essential for life 

PPU03539-RA PpCTR2  Chymotrypsin-2 

PPU12955-RA PpCTRC  Chymotrypsin-C 

PPU02070-RA PpCYB5  Cytochrome b5 

PPU03487-RA PpCYP6a14  Probable cytochrome P450 6a14 

PPU06135-RA PpCYP6k1_1  Cytochrome P450 6k1 

PPU08018-RA PpCYP6k1_2  Cytochrome P450 6k1 

PPU10637-RA PpDbp80  DEAD-box helicase Dbp80 

PPU10094-RA PpDEAF1  Deformed epidermal autoregulatory factor 1 homolog 

PPU15789-RA PpDET1  DET1 homolog 

PPU01979-RA PpDHDH  Trans-1,2-dihydrobenzene-1,2-diol dehydrogenase 

PPU04224-RA PpDnah5  Dynein heavy chain 5, axonemal 

PPU05134-RA PpDNR7  Dynein regulatory complex subunit 7 

PPU15755-RA PpERI3  ERI1 exoribonuclease 3 

PPU06125-RA Ppexog_1  Nuclease EXOG, mitochondrial 

PPU13904-RA Ppfastkd1  FAST kinase domain-containing protein 1, mitochondrial 

PPU09186-RA PpFPV244  Putative ankyrin repeat protein FPV244 

PPU07988-RA PpGld  Glucose dehydrogenase [FAD, quinone] 

PPU03136-RA PpGld_1  Glucose dehydrogenase [FAD, quinone] 

PPU03138-RA PpGld_2  Glucose dehydrogenase [FAD, quinone] 

PPU07321-RA PpGnmt  Glycine N-methyltransferase 

PPU02084-RA PpGST_1  Glutathione S-transferase 

PPU16784-RA PpGST_2  Glutathione S-transferase 

PPU04018-RA PpGTL1  Trihelix transcription factor GTL1 

PPU12443-RA PpH1_1  Histone H1, early embryonic 

PPU12503-RA PpH1_2  Histone H1, early embryonic 

PPU08101-RA PpH2B_1  Histone H2B.1/H2B.2 

PPU08403-RA PpH2B_2  Histone H2B.1/H2B.2 

PPU08359-RA PpH2B_3  Histone H2B.1/H2B.2 

PPU08404-RA PpH3  Histone H3 

PPU08356-RA PpH4_1  Histone H4  

PPU08401-RA PpH4_2  Histone H4  

PPU08405-RA PpH4_3  Histone H4  

PPU13733-RA Pphb  Protein hunchback (Fragment) 

PPU04334-RA PpHexa  Hexamerin   

PPU01076-RA Pphoxa1  Homeobox protein Hox-A1 (Fragment) 
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PPU14766-RA PpHpgd_1  15-hydroxyprostaglandin dehydrogenase [NAD(+)] 

PPU07024-RA PpIrrc58  Leucine-rich repeat-containing protein 58 

PPU12054-RA PpKazal4  Serine protease inhibitor Kazal-type 4 

PPU06073-RA PpKMT5AB  N-lysine methyltransferase KMT5A-B 

PPU12436-RA PpKyat1  Kynurenine--oxoglutarate transaminase 1 

PPU12438-RA Ppkyat3  Kynurenine--oxoglutarate transaminase 3 

PPU08109-RA PpLARP7  La-related protein 7 

PPU10868-RA PpLDM6A  Lysine-specific demethylase 6A 

PPU13511-RA PpLIP3_1  Lipase 3 

PPU13932-RA PpLIP3_2  Lipase 3 

PPU08587-RA PpLPSBP_1  Hemolymph lipopolysaccharide-binding protein 

PPU12279-RA PpLRP1_1  Low-density lipoprotein receptor-related protein 1  

PPU14829-RA PpLRP1_2  Prolow-density lipoprotein receptor-related protein 1 

PPU07450-RA PpLRP1b  Low-density lipoprotein receptor-related protein 1B 

PPU15356-RA PpLRRC27  Leucine-rich repeat-containing protein 27 

PPU10739-RA PpLTE_1  Lectizyme 

PPU09682-RA PpMAL1  Maltase 1 

PPU14413-RA PpMIDH  Myo-inositol 2-dehydrogenase 

PPU14834-RA PpMRPS17  28S ribosomal protein S17, mitochondrial 

PPU11254-RA PpNBN  Nibrin  

PPU04381-RA PpNDK6  Nucleoside diphosphate kinase 6 

PPU03690-RA PpNep2  Neprilysin-2 

PPU10951-RA PpOBP56d_1  General odorant-binding protein 56d 

PPU15680-RA PpObp69a  General odorant-binding protein 69a 

PPU04576-RA PpOCL1  Omega-conotoxin-like protein 1 

PPU11061-RA PpPADO  Probable phytanoyl-CoA dioxygenase 

PPU06295-RA PpPAGR1  PAXIP1-associated glutamate-rich protein 1 

PPU13121-RA PpPCDH3  Protocadherin-3 

PPU03466-RA PpPLR2  Pancreatic lipase-related protein 2 

PPU03628-RA PpPP6R 

 Serine/threonine-protein phosphatase 6 regulatory ankyrin repeat 

subunit A 

PPU10939-RA PpProm1  Prominin-1 

PPU03451-RA PpPTGR1  Prostaglandin reductase 1 

PPU16349-RA PpPTRH2  Peptidyl-tRNA hydrolase 2, mitochondrial 

PPU16296-RA PpRDX  Protein roadkill 

PPU16764-RA PpRFWD3  E3 ubiquitin-protein ligase RFWD3 

PPU15336-RA PpRNOY  Ribonuclease Oy  

PPU15101-RA PpRPA70_2  Replication protein A 70 kDa DNA-binding subunit 

PPU08318-RA PpsconC  E3 ubiquitin ligase complex SCF subunit sconC  

PPU08261-RA PpShaw  Potassium voltage-gated channel protein Shaw 

PPU10054-RA PpSlob  Slowpoke-binding protein 

PPU08572-RA PpSmox  Spermine oxidase 

PPU06017-RA Ppspop_1  Speckle-type POZ protein 

PPU11297-RA Ppspop_5  Speckle-type POZ protein 
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PPU14733-RA PpspopB_4  Speckle-type POZ protein B 

PPU12095-RA PpTKFC  Triokinase/FMN cyclase 

PPU02789-RA PpTPH1  Tryptophan 5-hydroxylase 1  

PPU14844-RA PpTret1_1  Facilitated trehalose transporter Tret1 

PPU00428-RA PpTRY1_1  Trypsin-1 

PPU00429-RA PpTRY1_2  Trypsin-1 

PPU05993-RA PpTRY7  Trypsin-7 

PPU03541-RA PpTRYe  Trypsin epsilon 

PPU14838-RA PpTRYP1  Trypsin I-P1 

PPU07388-RA PpUGT2C1_1  UDP-glucuronosyltransferase 2C1 (Fragment) 

PPU13923-RA PpUGT2C1_2  UDP-glucuronosyltransferase 2C1 (Fragment) 

PPU03230-RA PpVA3  Venom allergen 3 

PPU15692-RA Ppvlacd 

 Very long-chain specific acyl-CoA dehydrogenase, 

mitochondrial 

PPU07958-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 Ig domain protein zig-8 
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