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Abstract

The Southern house mosqui@ylex quinquefasatus is a vector of several human
diseases including West Nile fever and St. Louis encephalitis, owing to its blood feeding
behavior whereby the female takes multiple blood meals. Vector control of mosquitoes has been
a critical part of the current glabstrategy to control mosqu#associated diseases. Insecticides,
especially pyrethroids, are important components in the veotudrol effort. The successful
management of mosquitoes, however, is negatively impacted by the development of resistance to
insecticides within mosquito populations and the lack of the knowledge on the molecular basis of
blood feeding behavior. The goals of our research, thus, were to gain a better understanding of
insecticide resistance {Dx. quinquefasciatuand to identify he genes that may be involved in
preparing the female for the taking of a blood meal with four specific objectives: 1) Characterize
the genes upegulated in insecticideesistant mosquitoes, 2) Determine the gé¢hatare
differentially-expressedh respnse to insecticide treatnteB) Investigate the cytochrome P450
detoxification genes iresistance, 4) Examine the changes in the gene expression profiles of
newly-eclosed females as they become old enough to take a blood meal and also in response to
blood feeding.

RNA-Seq was used to investigate the gene expression profiles of a highly permethrin
resistant strain a€x. quinquefasciatysnd to investigate the changes in the gene expression
levels after exposure to permethrin. Overall, we identifiediplalgenes upegulated in

insecticideresistant mosquitoes, including genes involved in detoxification, regulation, and



proteases. We further identified that detoxification genes and proteases wegellaped in
response to permethrin exposure, whdeusn storage proteins were dowegulated, suggesting
that fourth instaCx. quinquefasciatudelay development to the pupal stage in response to
insecticide challenge, possibly in response to a cessation of feeding as a means of behavioral
resistance inmler to reduce oral exposure to permethrin. To better understand which
detoxification genes identified i@x. quinquefasciatusere important in other mosquito species,
we investigated the gene expression profiles of the cytochrome P450 genes in aigyrethro
resistant field strain of the yellow fever mosquiaedes aegyptising dRT-PCR. We identified

that multiple cytochrome P450 genes weraegulated, and functional studies revealed that two
of the upregulated P450s, CYP4D4 and CYP4J15v1 could coagstance to permethrin when
overexpressed in a GAL4:UAS enhancer tBypsophila melanogastesystem. These
cytochrome P450s were likely involved in the permethrin resistance response of mosquitoes.
Examination of the genes in response to the bloodrfgedas conducteldy determininghe
temporal changes in gene expression from newly eclosed female adults to those capable of taking
a blood meal using RN&eq techniques. We found that while no females would freely take a
blood meal prior to 48 h pastlosion, the main gene expression changes in realysed

females occurred within the initiaP-24 h posteclosion, includinggenes encadg salivary
proteins, odoranbinding proteins, proteases, and cuticular protéirsmnaller second peak of
up-regulaed genes was identified at #&0 h posteclosion, which coincided with the onset of
the maximal timeo-mating forCx. quinquefasciatuaken together, these results suggested
that the genes needed for blood feedin@xn quinquefasciatuare primarilyup-regualted within

12-24 h posteclosion, while other later genes may bereigulated in response to mating.



Acknowledgments

| am deeply indebted to Dr. Nannan Liu and thank her for all of her help, support, advice,
encouragement, and teachifie the epitome of not only what a graduate advisor should be in
graduate=ducation, but also how scientific reseaichest done. | would also like to thank my
committee members, Dr. Kathy Flanders, Dr. John Murphy, Dr. Eric Peatman, and in particular
Dr. ScottSantos for introducing me tanux- | had no idea how powerful a few lines of code
could be prior to taking the red pill in your Biocomputing courseould also like to thank our
lab group, in particular Dr. Lee Zhang for all of his help andsd&incere thanks also to Drs.
Ting Li, Ting Yang, Chunwang Cao, Huqi Liu, Lin He, and Fangglas well as the rest of our
past and present lab membdrsTian, Ming Li, Feng Liu, Youhui Gong, Xuechufeng and Ye
Zi, it has been a great tineking ths journeywith you. | would also like to thanBr. Julia
Pridgeon forecommendingneto Auburn this has been a greatexperieaced | cano6t t ha
all erough 1 would also like to thank the Department of Entomology and Plant Pathology for all
of thesupport that they provided in termsezfucation, professional growtiunding and
resourcesl also want to thank my old lab groups in Florida and Vermont who always supported
me in my studies and work ahthank all of my friends especially the adveoius Bob and Deb
for all of their support over the yeaFnally, | especially thankny parents Bill and Lindand
my sister Wendy and her family wi t hout all of your support anc
gotten this far. Finallythanks to my Aunt & for all of the conversations we had on my way

home from the la, they were really nice times.



Table of Contents

Y 01 1= T PP i
ACKNOWIBUGMENTES. ...ttt e e e e e e et e et ereea s e e e e e e e e eeeeeeeeeeeetasnnneeeeeeeeeesssnennnnns v
S A 1= 1] =P X
IS 0 ) 10 TS 4= o PRSPPI Xii
(IS W AN o] o 1=/ =i [0 o F= USROS XVi
Chapter 1: LItErature REVIEW.........ueiiiiiiiiieiie ettt rmmme e ne e e 1
1.1 INSECES @Nd INSECHCIARS. . ..ceei i e e eeeeeee et ieeee ettt e e e e e eeaeeeean s e s emmrnnees 1
1.2 INSECHCIAE MESISTANCE. ... .. i i i e i e e e eeeee et eeme e e e e e et smmeeeannnen 2
1.3 Mechanisms of insecticide reSIStanCe.............coovvviiiieeee e 2
1.3.1 Ircreased metabolic detoXifiCatiQn.............uvuvvveeiiiireeeeiieiirr e 3
1.3.1.1 Cytochrome P450 monooxygenasediated detoxification............................ 3
1.3.1.2 Hydrolasenediated d®Xification................ccceeiiiiiiiiceecciee e eeeeee, 4
1.3.1.3 Glutathione-Bansferasanediated detoxification.............ccceevvvvvviieeeneeeeenennn. 5

1.4 Target Site INSENSILIVILY........ccceeeiiiiii e emrnnees 5
1.4.1 Insensitivity of the voltageensitive sodium ion channel...................oooovieeeinnnn. 5
1.4.2 Insensitivity of acetylcholinesterase............cccuuvvvviiieeeiiiiiiiiiiiiieieceeeeeeeeeemeeeeeeeean
1.4.3 Insensitivity of the gamrminobutyric acid reCeptor.........cccccceeevviiiiiiccceeeeeeeen, 7

1.5 Other mechanisms of insecticide reSIStancCe................uuuvuicccreieieeeeeiiee e 8
1.5.1 Decreased PenetratiQn...........cccuuuuuuurimmeraiiiieiiebeeee e e eeeessbee e e e e e e e e e e e e e e e e eeans 8
1.5.2 Behavioral/Other reSIStanCe............uuuurriiiiiceeeeiiiese e e e e e e e s srrnen e e e e e e e e e eeees 9

1.6 INSECLICIAE CrOSS ISISTANCE. .....uuuiiiiiieiii e ceeei e et e et s erre s e e e e et e e e e e eaeaanns 10
1.7 Interaction of insecticide resistance faClOrS.............viiiiiiiicceriiiceire e eeeen 10
1.8 Culex quinquefasciatus an iNSECt PEST.........ccovvviiiiiiiieee e 11
1.9 Insecticide resistance @x. quinquefasCiatus..............oeeiiiiiiiiiciiie e evee 12
1.10 Next generation SEQUENCING. ......cuuuuiiaaeeieiii it e e e e e e e e e s neee e eeebeeeeees 15



1.10.1 lumina MRNASE(Q SEQUENCING.......cuuurrrrnnniaeeeeeereerrnnniaaaaeeeeeeeaeeeeaaaaaaaaeeaess 16

1.10.2 Gene expression analysis USING RBEY...........uuiiiiiiiiiiieecceeciiieee e e e e e e eeeen 17

Chapter 2: Research Goal and Specific ODJeCtiVES............euiiiiiiiieeeiiiiiii e 18

Y220 I [ 0T [ Td 1 o] o PSSR 18

2.2 The goal of research and specific ODJECHVES.............evvvviiiicccreeeeeeee e 19
2.2.1 Characterization of the genes differentially expressed between the FKAst@n

and its parental HAMCH Srain............ocueieeirieeesceee et eemeate et sae e 20

2.2.2 Characterize the genes differentially expressed upon expogerenethrin........... 20

2.2.3 Characterization of the -upgulation of P450 genes in a different mosquito spe2ies

2.2.4 Characterizain of the changes in gene expression in newly eclosed f&rale
QUINQUETASCIALUS ...ttt ettt e e e e e e e e emmr et et e e e e e e e e e e e e e e e s mnne e e e e e e e 22

2.3 SIGNITICANCE. ....ceiieieeee et e e eees s e e e e e e e e eeeaeeas 23

Chapter 3: Th@ranscrptomeProfile of the MosquitoCulexquinquefasciatugollowing

PermetriNSEIECTION. .......eeeiiiiiie e 24
G0 I 13 1 = o TP 24
G 3072 | 11 {0 T U Tox 1 o SRR 25
3.3 MaterialanNdMeEtNOUS. ..........oooiiie e e e e e e e e e e e 27

G0 T80 |V [ 1Yo [ U (o TS 4 = V1 L= 27
3.3.2 RN ABXIACTON. ... et e e e e e e et ieeee e e e e e e e e e e e e ettt mmme e e e e e eeeeeseessnnn e smmmessnnnnnn 28
3.3.3 RNAlibrary preparationRNA SegsequencingDataanalysisandgeneexpression
PIOCESSING. .. iiiiiiitetteee e eeeeas bbbt e ettt et e e e e eeee e s ettt e et e e e e e e e e e e e e e e e amme e e e e e e e e e e e e e e e 28
3.3.4 Gene express validation using quantitative reame PCR (QRIPCR)................ 29
3.3.5 Annotationgenegrouping,andfunctionalgeneenrichmentanalysis..................... 31
i RESUIS ...t ettt e e e e e e e e e e e e et e e e e e e e e e e e e e e aaaannnnae 32
3.4.1 llluminaRNA SeqdataanalySiS...........coeeeriiiiiiiiiiicce e 32
3.4.2 Transcriptomprofile: SCOPgeneralkcategoriesanddetailal function categories...33
3.4.3 Transcriptomprofile: superfamily..........cccooooiiiiiiiiiiiceei e 34
3.4.4 Transcriptomprofile: differential geneexpressiorbetweenHAMCq*° andHAMC®®
.................................................................................................................................. 36
3.4.5. Functionagnrichmengnalysisof GO termsfor differentially expressedenes......39
3.4.6. Themolecularfunctionalparenthoodelationshipf the GO termsamongup-
regulatedgenesandtheir INterCoONNECHION. ...........ovviiii i 41
G I 1S o1 1 11 (o] o 45
3.6 ACKNOWIEAQEMENIS ... .o e ———— 52

Vi



Chapter 4: Gene Expression Profiles of the Southern House Mo&gué® quinquefasciatus

During EXposure t0 Permethrin....... ... e e 53
N o] = (o SRR 53
A [ o1 (oo 18 ox 1 o] o NPT U TP 54
4.3 MaterialaNdMEtNOUS. .......ccoo i 55

4.3.1 MOSQUITO SEIAUNS ....eeeeiiiiiiiiiieeeee e e eeet ettt e e e e e e e e mmne e e e e e b s en e e e 55
4.3.2 Permethrin eXposure treatMentS..........couvvvureeiiiccre e 56
4.3.3. RNABXITACTON......uuiieieie e e e et ieees s e e e e e e e e e e et eeetabnnne e e e e e eeeeeeeseaansnnn s smmeeseeees 56
4.3.4. RNAlibrary preparationRNA SegsequencingDataanalysis andgeneexpression
PIOCESSING. ... iiieiiieeiititttt e rmmreeeeeeeaa e e e s e e e e e emmmssa e e aaeaeaeaeeaseeesannnaaaaaaaaeeeeeeeeennnnnns 57
4.3.5. Annotationgenegrouping,andfunctionalgeneenrichmengnalysis.................... 58
4.3.6. Selected gene expression validation uSingRBR.............cccovvviriiiiiiiienecceeeeee, 59
A4 RESUIS ...eiiiiiii ettt tna—trt ittt et e et e e e e aaaaaaeaan 59
4.4.1. GENE ADUNUANCE.......ci it e e e e e e e e e e e annnn s 60
4.4.2. Upregulated GENES.........ccce e iiiieeeeeeeeeee et e e e anaas 60
4.4.4. Functional enriument of Gene Ontology (GO) terms among the differentially
EXPIESSEA JEINES. .. eieiiiiiiieee e e ettt e e e e e e e e et e e e e e e e ee e s s s s s bbbttt et e s enees s e bbb e e e e e e e 65
4.4.5. gqRTPCR Validation of Selected GENES.........cceeeeeiiiiiiiieeei e 71
Y 3 o U7 o) o P 74
4.6 ACKNOWIEAGEIMENTS ... ..ttt et e e e e e e e e e nnee e e 78
A7 DISCIOSUIE....cceiiiiiiee et e ettt e e e e eens s te et e e e e e aaaaaeeens 78

Chapters: Gene expression analysis of a pyrethresistant strain cAedes aegypand

functional testing of selected family 4 cytochrome P450 genes...............ueveveeeecivvvvvennnnnn. 79
o0t Y 011 1 - o 79
o2 |11 0 T U Tox 1 o 80
5.3 Materials and Methods...........coooiiiiiiiiiee e e e e 81

5.3.1. MOSQUITO STFAINS ....uuvutiiiiiiiiiiiiiee e eeemie ettt e e e e e e e e e e e e e s s rmmme e e e e e e s e e bbb e b e eenne 81
5.3 2. BIOBSSAYS. ..t teteettiiiiiiee et nnn bbb ees 81
5.3.3 RNA extraction, cDNA synthesis, and gRTR gene expression analysis......... 82
5.3.4 Functional testing of selected cytochrome P450 genes..........ccccovvvvvieeeeeeeeen.. 83
5.4 ReSUItS and DiSCUSSIQN..........uuuurrineniisieeeeeeennnnnaasasseeeeeesmamssnassaaaeaeeeeseseeeesmnnneens 88
5.5 CONCIUSIONS. ...t e e e e e e e e e e e et enaea s e e e e e e e e eeaeeeeens 99
5.6 ACKNOWIEUGEMENIS.....uuiiiiiiiiiiiiii ettt rmmme e bbb e e e e 100

vii



Chapter 6: Temporal gene expression profiles of pre and postigda@diult females of the

Southerrhouse mosquit@ulex quUINQUETASCIAtUS...............uuviiiiiiiieeeeiiee e 101
G Y o1 1 =T PP 101
G2 [ 011 0T ¥ Tod 1 [ o PRSP PPPPPPPPP 102
6.3 MaterialaaNdMEtNOdS. ..........uuuiii e ———— 103

6.3.1 MOSQUITO SEFAINS.....ceiiiiiiiiiieiitee e eenea bbb e e e e e e e e e e emeen e e 103
6.3.2 Predetermination of time period for mosquitdesake their first blood meal.....104
R IR S NN = T £ [ ST 104
6.3.4 RNAlibrary preparationRNA SegsequencingDataanalysisand geneexpression
L (0Tt 21 o SRS 104
6.3.5 QPCR gENE EXPIrESSION ... ..uiiiiiiiiiiiiiiieeesiiibtbbeee e e e et e e s eeesssee e e e e e e eeaaaaaaeeeeaeas 105
B.4 RESUITS ...ttt eee et e e eeet e e et e e e e e e e e e e e e e e e ammr e e e e e e e e e e e e anaaananae 106
6.4.1 Determination of the ptdood meal time period...............coevvvviiiiemeeeeeeeeeeeiinns 107
6.4.2 RNA Seq characterization of the{pteod meal and mating time periodsGs.
QUINQUETASCIALUS. .....eeeviiiiiii et e e e e et eeer e e e e e e e e e e e e e eeeetasss s mmmeeeeeenennes 108
6.4.3 Validation of selected RNA Seq genes using gPCR............cooooiiiiieereiiiine 114
5.5 DISCUSSION.....uuueitutiiieee s e e e e e eeeeta e s e e e s e e e e eeeeeeeeeeananaaaeeeeeeeeeeeeeeeesssssssmnneeeeeeeeeesssnnnnnns 118
O e TV F=To (o T=T 0 0 =T o £ OSSP 121

Chapter 7: Research Summary and Future StUGIeS.............uuuuviimmmiiiriiiiiiiiiieeeeeeee e e 122
7.1 RESEAICH SUMIMALY.. ... it i i i e eeee et eeeee et meee e e e e e e e e eeeeaaaa e emmmeennnees 122
7.2 Edsysteroid UDRlucosyltransferase iBulex quinquefasciatuss a novel target for
MOSQUITO MANAGEMENL.......uutiiiiiiiiiieeeeteeeeteee ettt e e et e e e e e e e e e e e s s st e e e e e e e e e e e e s s s s asnnnbbnens s e aanas 124
7.3 Use olVitA gene as a screening tdot bisacylhydrazines against mosquitoes....... 126
7.4 Determination of gene copy number in the highly pyrethmeststant HAMCE strain of
CX. QUINQUETASCIATUS ...ttt ettt e e e e e e e e e e e e e e e e e e e e s enne e e e 128
A R (= (=] (=T Lol PP PP PRPPPPPPRTR 135

Appendix 3.1. List and sequences of the GRIR primers USed............cccvvvvvvieieiieeninnnnnnee. 167

Appendix3.2. Lognormal distributions for expressed genes in HAM@gd HAMC® by
SUPEITAMIIY.....ceeee e et e e e et eren s e e e e e e et e e e e e e aaaaans 169

Appendix 3.3. Complete list of all differentially upregulated géimesiAmCoe. ................. 174

Appendix 3.4. List of genes downregulated by at leastfolbin HAMCof® when compared to



Appendix 3.5. List of differentially uggulated genes in HAmE§which contained

functionally-enriched Gene ONtology teIMIS.........couviiiiieiiiieeeeir e 237
Appendix 4.1. List and sequences of the giROR primers USEd..............covvvvvvvnnnnmmeeennnnns 242

Appendix 4.2: Genes uegulated in the pyrethroigesistant HAMCE® strain ofCulex

quinquefasciatufllowing permethrin challenge............oooooiiiiicce e, 244

Appendix 4.3. Genes dowregulated in the pyrethroigesistant HAMCEE strain ofCulex

quinquefasciatufollowing permethrin challenge.............ooooiiiiicce e, 254
Appendix 6.1. List of primers used for the gRTR determination of genes..................... 262

Appendix 6.2. Complete list of upnd dowrregulated genes for sugled only females for the

HAMC8 strain ofCulex quinquefasciatusr the initial 72h poseclosion......................... 263



List of Tables

Table 3.1.Number of paired end reads from the Illumina HiSeq sequencing and the percentage

of reads mapped to tlE&x. quinquefasciatustrain: Johannesby) predicted transcriptome. 32

Table 3.2.Numbers of differentialhexpressed genes and their cumulative gene expression level

in HAMCq®® sorted by the Structural Classification of Proteinsagal function categoty......37

Table 3.3.Gene Ontology (GO) term enrichment analysis results for differentially expressed
GENES IN HAMCEP ... et eeee ettt te et e st e e bem s e sreeeeeeaee e 38

Table 3.4 qRT-PCR validation of selected upgulated genes in HAmE#as identified by the
RNASEQ qUANIfICALION........ciiiieiieiti s e errn e e e e e e e e e e e e e e e s aeeereaaaaeaaes 44

Table 4.2:Number of differentiallyexpressed genes in the hiig-permethrin resistant strain of
Culex quinquefasciatu$lAmCdP8, following a 24 h exposure to either acetone, or permethrin at

the LGso and LGo rates compared to a zero hour untreated time point..............ccccvvveeenns 62

Table 4.3.Genes ugegulated and dowregulated 24post treatment following treatment with

permethrin at either the Eor the LGo rate........ccccviviiiiiiiiiiiiiceeeiiiiieeeeeeeeee e 63

Table 4.4.Gene Ontology (GO) term gohment analysis results for differentially expressed
genes in the HAMCY strain following a 24h exposure to permethrin at theola®d LGy rates.
.......................................................................................................................................... 68

Table 4.5.Differentially-expressed g&s associated with functionalgnriched Gene Ontology

(GO) terms in the HAMCH strain following a 24h exposure to permethrin at theola®d LGro

Table 5.1.List of primers used fothe gRTPCR determination of P450 gene expression level
and the primers designed to generate the constructs for the functional testing in transgenic

Drosophila MElaNOgASTEL. .. ...ttt ieer et e e e e e e e e e e e rmmne e e e 84



Table 5.2.Resistance ratio of the permethiiasistant strain of\e. aegyptPuerto Rico
compared to the laboratory permethsusceptible strain Orlando in the presence and absence of

the cytochrome P450 metabolic inhibitor piperonyl butoxide (PBQ)............cceeeeviivieeennnn. 89

Table 5.3 List of cytochrome P450 genes differentially expressed between the adult females of
the pyrethroieresistant strain oAedes aegyp(Puerto Rico) and the laboratory susceptible
£ 1= | I (@ ] = g o o ) USSR 91

Table 5.4.Relative cytochrome P450 gene expression values in the pyrethsmstant Puerto

Rico strain compared with the pyrethradsceptible Orlando strain................cccccvvvieeeenes 93

Table 6.1.Number of paired end reads from the Illumina HiSeq sequencing and the percentage

of reads mapped to tl&x. quinquefasciatustrain: Johannesburg) predicted transcriptorb@9

Table 6.2.Expression levels of genes@ulex quinquefasciatustrain HAMC&® for genes
previously identified as upegulated in noiblood-fed femaleAedes aegypand linked to

nutritional status with regard to blddeeding COMPELENCY.........coovvvviiiiiiiiiiicce e 113

Table 7.1.Single nucleotide polymorphisms in the pyrethrmadistant strain ofx.
quinquefasciatusHAMCd®, compared to the parental reference strain HAMCq............ 129

Table 7.2.List of genes containing SNPs/indels in the HAMf®sirain ofCx. quinquefasciatus
when compared to the HAmEstrain for genes shown to be-regulatedn the HAMCE?®
L] 1= T 129

Xi



List of lllustrations

8Figure 3.1.Total proportions of cumulative gene expression levels in HAfA&ad HAMC§®
for the SCOPgeneral and detailed funetis using the predicte@ix. quinquefasciatuannotation
information available at the Superfamily website (version 1.75)

supfam.cs.bris.ac.uk/'SUPERFAMILY/index.html...............ooummimicceeeee e 34

Figure 3.2.Log normal leanplots for all expressed genes within SCOP superfamilies (SCOP
version 1.75; supfam.cs.bris.ac.uk/SUPERFAMILY/index.html) in HAfGamd HAMCEE.

The distribution along the Y axis indicates a higher level of gene expression, while the
distribution alonghe X axis indicates the proportion of genes expressed at the given level of
gene expression along the Y axis. Distributions are oriented along a common central baseline so
that distributions in red (HAMCH) have more genes expressed at a given genessipn level

(log FPKM) if the distribution is further to the left on the X axis, while distributions in blue
(HAMCA®®) are higher if they are further to the right of the X axis. The central vertical baseline

for each superfamily is a mirror point for ttveo distributions.................cooovvvviiiiceeeieeeeeinns 36

Figure 3.3.Combined gene expression levels for al apd dowrregulated genes within a

general function category in HAmE&%compared to those expressed in HAMREq............... 39

Figure 3.4.ParertChild association for functionally enriched Gene Ontology (GO) terms among
genes that were uggulated in HAMCE. GO terms associated with the-rggulated genes in
HAMCo® were considered statistically at <0.001 using the g:SCS threshold in g:Cocoa
(http://biit.cs.ut.ee/gprofiler/gcocoa.cgi). Colored boxes represent statistically functionally
enriched GO terms, while the nonsignificarghyriched GO term is marked in whaad

provided to display all of the pareahild relationships in the network. Lines and/or arrows
represent connections between or among different GO terms. Solid lines represent relationships

between two enriched GO terms. Dashed lines represent relafisrbetween enriched and

Xii



unenriched terms to connect all of the nodes on the directed acyclic.graph...................: 42

Figure 4.1.Venn diagram analysis of the total numbers of differentiegressed umnd
downregulated genes in the fourth instar of the permethrin resistant H&hs@gin of Cx.
guinquefasciatus following a 24h exposure to either an acetone control, or two rates of
permethrin (LGo and LGo). Overlapping circles represent genes thaevesxup- or co-down

regulated iN tWO OF MO GIOUPS. . ... uuieeeeeeeeeeeeetieeeiaeeeeeeeeeeeeseeeaassrssmnneeeeeeeeeeersssnnnnnnnnnn 61

Figure 4.2 Gene ontology term functional enrichment analysis of the differengajlyessed
up- and downregulated genes identified the fourth instar of the permethrin resistant

HAMC8 strain ofCx. quinquefasciatu®llowing a 24h exposure to permethrin............... 67

Figure 4.3.Gene expression levels for proteases (upper parasisl B) and larval storage
proteins (|l ower panels C and D). Bars superse
between the permethrin susceptibiaB strain and the permethrin resistant HAM&sgrain of

Cx. quinquefasciatusere significany di f f erent at the U=0.01 | eve
superior to the dependent axis zero line indicate genes that wesgulated relative to a

comparative acetone blank treatment control, while genes inferior to the dependent axis zero line
indicate genes that were dowegulated relative to a comparative acetone blank treatment

[o10] 011 (o] FUTTUUTT TP RPN 73

Figure 5.1.Two-point mortality for the Orlando strain &fedes aegyptnd the different

generdéions of the Puerto RicAe. aegyptstrain. The 0.8 ng per female (low dose) represents the
maximum dose that results in survival in the pyrethsaidceptible Orlando strain, while the

6.25 ng per female represents the high dose. Puerto Rico generatiéits F6, F7, F8, F14,

and F17 did not have sufficient numbers for teStiNg..........ooooviiiiiemmn e 90

Figure 5.2 RT-PCR of transgenib. melanogasteexpressingfedes aegyptiytochrome P450
genes. The-J and (4 within gene represent the amplified products from thetremmsgenic line

(-) and the transgenic line (+) Bf melanogastemrespectively...........cooveiieiiiiiiieeiiien e, 98

Figure 5.3.Survivorship of transgeniD. melamgastetines following a 24h exposure to either

permethrin or betaypermethrin. Bars within dose superceeded by the same letter are not

Xiii



significantly different at the U=-ansgénicline v e l

of D. melanogastemwhich had no surviving individuals at any of the doses of the insecticides

Figure 6.1.Box and whisker plot of the percentage of females from-eged populations of
Cx. quinquefaciatusstrain HAMC® freely taking an offered blood meal. The black lines
within a bar represent the median percentage of females who freely took a blood meal. The upper
and lower whiskers represent the highest and lowest observations, respectivelthevhars

themselves represent the interquartile range-(Q3).........uuuerrriiiiiiniii e 107

Figure 6.2.Total gene expression within the Structural Classification of Proteins (SCOP) general
function categories fordult sugafed femaleCulex quinquefasciatustrain HAMC&?, for the

initial 72 h posteclosion. Gene expression values expressed are summed within each SCOP
category to provide an overall profile of the complete distribution of all gene expression with

tNE MOSOUITOES. ...ttt e et ee bbb e e e 110

Figure 6.4 Heat map displaying the relative increases in gene expression for selected genes for
the initial 72 h poseclosion for adult female Cx. quinquefasciatugistHAMCgG8, and for 72

h post blood meal. Females offered a blood meal were 6 days old at the time of the blood
L1101V PSPPSR 115

Figure 6.5.Temporal gene expression of vitellogenin genes it &slmaleCx. quinquefasciatus
for the 72 h time period immediately following eclosion and for the 72 h time period

immediately following the blood meal.............oooorrmii e 117

Figure 7.1 Temporal expression tfie ecdysonénducible gend&=74and the ecdysteroid

glucosyltransferase gene CPIJO03694............iiiiiiiiiicececie et eeeee e e 125

Figure 7.2.Dosedependent effect of ecdysone agonists on the gene expressiofvibAthene
(CPI001357 / CP1J001358) against adult fen@2equinquefasciatusS............cccceeeeeeeeenne. 127

Figure 7.3.Distribution of SNPs and indels identified within thenggulated genes in the
pyrethroidresistant HAmMCE strain of Cx. quinquefasciatugithin the general function

categories of the Structural Classification of Proteins (SCOP) datatbase. Individual points within

Xiv

o



category represent the actual number of SNPs/indels for a given gene, while-tineidiat
plots reoresent the quartile values, where the internal black bar within each box represents the

median value of SNPs/indels per gene within SCOP general function category............ 134

XV



List of Abbreviations

ANOVA Analysis of Variace

BDRC Bloomington Drosophila Resource Center

cDNA copy Deoxyribo Nucleic Acid

DDT Dichloro Diphenyl Trichloroethane

DEF S,S,S tributyl phosphorotrithioate

DEM diethyl maleate

DNA Deoxyribonucleic Acid

FDR False discovery rate

FPKM Fragments per kilo Is&@ of gene for every million reads mapped
GABA gamma amino butyric acid

GAL4:UAS Galactose 4: Upstream Activator Sequence

GEO Gene Expression Omnibus (NCBI)

GO Gene Ontology

GRN1 gustatory receptor neuron 1

GRN2 gustatory receptor neuron 2

HAIB Hudson Alpla Institute for Biotechnology

IMD immunodeficient

Kdr knock down resistant

LCso Lethal concentration that kills 50% of the population

XVi



LC7o
LPS
m/tr
MRNA
NCBI
NONA
nt

OoP
P450
PBO
PCR
Ppm
gRT-PCR
Rdl
RNA
RNA-Seq
RPKM
SCOP
SNP
TOR
VitA
Vssc

WHO

Lethal concentration that kills 70% of the population
lipopolysaccharide

metabolism/transport

messengeRiboNucleic Acid

National Center for Biotechnology Information
Non annotated

nucleotide

Organophosphate

Cytochrome P450

Piperonyl Butoxide

Polymerase Chain Reaction

parts per million

guantitative Real Time Polymesa Chain Reaction
resistance to dieldrin

Ribonucleic acid

Ribonucleic acid sequencing (massively parallel)

Reads per kilo base of gene for every million reads mapped

Structural Classification of Proteins
Single Nucleotide Polporphism
target of rapamycin

vitellogenin A

\oltage sensitive sodium channel

World Health Organization

Xvii



Chapter 1: Literature Review

1.1 Insects andnsecticides

Insects consume or spoil roughly etherd of all food/fiber produced fdruman
consumption and use (Johnson and Triplehorn, 2004). Insects are also direct parasites of humans,
and some can vector the etiological agents of several diseases (Lounibos, 2002). In order to
combat the losses of food, fiber, and to decrease thertissisn rates of human pathogens by
insects, chemicals (insecticides) have been developed to kill pestiferous insects (Casida and
Quistad, 1998). Insecticides work by directly targeting a vital system or process of the insect,
including systems such as thervous, integument, or muscular systems, and processes such as
development and molting (Yu, 2008). As a result, insecticides target specific molecules within
the insect and, when applied at toxic levels, cause specific symptoms. For example, the
insecticgdes methoprene and pyriproxyfen are mimics of juvenile hormone that disrupt the
molting process of immature insects, notably killing holometabolous insects as they enter the
pupal stage (Dhadialla et al., 1998). Other insecticides, such as organoprsysplgaethe
nervous system of insects by inhibiting the action of acetylcholinesterase, which prevents the
degradation of the neurotransmitter acetylcholine in insects, resulting in a sustained nervous
impulse that ultimately results in death of the ocig€asida and Quistad, 1998; Yu, 2008). While
insecticides provide protection to food, fiber, animals, and humans, their overuse or improper use
can ultimately lead to their failure. The first documented failure of an insecticide to manage an
insect peswas recorded for Paris Green, which was used for the management of the San Jose
scale in the Western USglander, 1914)insecticide resistance is largely believed to be a pre

adaptive phenomenon resulting from the selection of geneticatigd trait(syvithin a



population of insects, resulting in the ability of the target insect pest to resist the insecticide
challenge. The repeated exposure of insects to insecticides led to genetic changes within the
insect populations to increase the proportion ofvitldials within the population that harbor

geneticallybased traits that confer insecticide resistance (Georghiou, 1972; Liu 2008).

1.2 Insecticide resistance

Insecticide resistance is a phenomenon where an insecticide fails to kill the target insect.
Theresistance to insecticides within populations of insects is largely believed to-adegmtéese,
in that individuals within the population harbor traits that confer the tolerance/resistance to
insecticides, which upon challenge with an insecticide 8uthe selection of these traits that
are then passed on to successive insect gener@Bensgghiou, 1972; Liu 2008As such,
insecticide resistance has a genetic basis. As a consequence of the genetic basis and subsequent
trait/gene selection, the regted use of an insecticide against an insect population results in an
enrichment of insecticide resistance traits/genes within the population. Thus insecticide
resistance arises from the repeated use of insecticides which enriches the prevalence of these
traits/genes within in the population, ultimately resulting in a failure of insect control (Georghiou

and Saito 1983).

1.3 Mechanisms of insecticide resistance

Insecticide resistance can be broadly classified into two categories: physiological and
behavoral (Yu, 2008. Physiological resistance can be further characterized into: {gitget
insensitivity, metabolic resistance and reduced uptake/acquisition. The first categorgitarget

insensitivity, is when there is a physical change in the targetestlting in a decreased efficacy



of the chemical. The second category, metabolic resistance, occurs due to the ability of the insect
to metabolize the insecticide into lessic, more easily excretable forms. The third category,
reduced uptake/acquisih, represents changes in the cuticular structure of the insect that results

in less of the insecticide being absorbed. Finally the behavioral resistance includes behavioral
adaptations of the insect that confer indirect resistance to the insect shelabsity to avoid
consuming a toxin/toxicant, or other mechanisms such as the acquisition of endosymbiotic

microbes capable of degrading insecticides (Yu, 2008).

1.3.1 Increased metabolic detoxification

Insects encounter multiple naturaffyesent toxis, for which they have a multitude of
enzymes capable of mitigating the negative impact of the toxins by degrading them into less
toxic, more easily excretable forms, and are able to degrade insecticides as well. The enzymes
involved in the degradation ofsecticides can be broadly classified into two categories: phase I,
and phase Il enzymes. Phase | enzymes are the enzymes that are primarily responsible for the
degradation and catalyze the oxidation, reduction, and hydrolysis reactions, such asrmogochro
P450s and carboxylesterases. Phase Il enzymes serve to mitigate the toxic effects of an
insecticide by conjugating small molecules to the insecticide such as sugars, amino acids, or

glutathione.

1.3.1.1 Cytochrome P450 monooxygenaseediated detoxificdion
Of all of the phase I reactions, oxidation reactions, which are carried out by cytochrome
P450s, is considered to be the most important (Yu, 2008). Cytochrome P450s are present in all

divisions of life (Scott and Wen, 2001), and perform various plygical functions in insects



including the biosynthesis and degradation of ecdysteroids, cuticle forpfatigracid synthesis

and metabolism, as well as the detoxification of xenobiotics (Chavez et al. VZ@@6n et al.,
2002;Petryk et al., 2003Narren et al., 2004amiki et al., 2005; Ono et al., 200@ewitz and
Gilbert, 2008; Guittard et al., 2011, Qiu et al., 2012). The numbers of g in insects

ranges from as low as 37 in the human body I®tesgdulus humanud.ee et al., 2010) to 204

in the Southern House Mosquitdulex quinquefasciatygrensburger et al., 2010; Yang and

Liu, 2011).Cytochrome P450s are arranged into clans, families, and subfamilies, based on
sequence similarity, among which, insect cytochrome P450s are foundsr2¢ld, 4, and mito

clan (Feyeresen, 1999). Many studies have investigated the role of cytochrome P450s in
insecticide resistance (Strode et al., 2008; Pridgeon et al., 2009; Bariami etaIF@tHea
Gonzalez et al., 2011; Yang and Liu, 2011; Poupaetal., 2010; Saavedifodriguez et al.,

2012; Strode et al., 2012) and the functionality of selected cytochrome P450s has been tested,
notably among mosquito species (Boonseupsekul et al., 2008; McLaughlin et al., 2008; Muller e

al., 2008; Stevensori al.,2011; 2012).

1.3.1.2 Hydrolasemediated detoxification

Hydrolase (esterase) mediated detoxification has been documented for nearly all insect
classes, notably among organophosphorous (OP) insecticides (Li et al., 2007). Hydrolase
mediated resistece has been identified to be due to gene duplication anflinetionalization
of esterase genes in multiple insect species, whereby the amino acid sequences of
carboxylesterases become modified to degrade OP compounds (Oppenodih Asgperen,
1960; Gimpbell et al., 1998; Claudianos et al., 1999). Esterase gene duplication and

amplification has also been demonstrated to serve as a means of general protection against



insecticides via sequestration of the toxicant (Field and Devonshire, 1998).

1.3.1.3 Qutathione S-transferasemediated detoxification

Phase Il reactions are conjugation reactions that include the addition of small molecules
onto the insecticide, rendering it more easily excreted. Although there are multiple phase Il
reactions, such as tleenjugation of glucose to OP compounds via uridine diphosphate glucosyl
transferase (Bull and Whitten, 1972), the major enzymes involved in the phase Il detoxification
of insecticides are the glutathiondr@nsferases (Feyereisen, 1995; Hemingway angdan
2000). Insect glutathione-tBansferases have two subunits and may be both cytosolic and
microsomal and have been proposed to serve as protection to the cell membrane (Yu, 2002).
Glutathione Stransferases have been shown to confer insecticide regdtar multiple insect
species against OP compounds (Huang et al., 1998), organochlorine compounds (Ranson et al.,
2001; Syvanen et al., 28), as well as pyrethroids (8&nen et al., 1994; Vontas et al., 2002).
They have also been shown to be involvepyirethroid resistance iGx. quinquefasciatys
where pretreatment of larvae with the glutathiorteaBsferase inhibitor diethyl maleate (DEM)
resulted in a 3old decrease in permethrin resistance for afegifiected strain exhibiting

multiple insecticde resistance (Xu et al., 2005).

1.4 Target site insensitivity
1.4.1 Insensitivity of the voltagesensitivesodiumion channel

The voltage sensitive sodium ion channels (Vssc) of insects are the major ion channels
involved in perpetuating the depolatime phase of action potentials. They are targets of DDT,

pyrethroids, oxadiazines, as well as a variety of natucalburring neurotoxins (Dong, 2007;



Cestele and Catterall, 2000; Wang and Wang, 2003). Amino acid substitutions in the Vssc that
lead to stuctural changes can confer insecticide resistance. The first observation of this
phenomenon was in the houseMysca domesticavhere resistance to DDT was found to
coincide with a loss of the typically rapid knedkwn effect of DDT leading to the terkmock

down resistant’, or kdr for short (Farnham, 1977). Presently, the term 'kdr' is used to refer to the
specific mutation iM. domesticawhich was identified to be due to a single nucleotide change
from a C to a T at position After investigating BBBIA sequence of the target of DDT, which is

the voltagegated sodium channel. L1014FAmopheles gambig@lartinezTorres et al.,1998),
Blatella germanicédLiu et al., 2000)Culex pipiensMyzus persicaéMartinezTorres et al.,
1999),Culex quinquefasatus (Xu et al., 2006), Hematobia irritangGuerrero et al., 1997),
Leptinotarsa decemlineatdee et al., 1999) andlutella xylostella(Schuler et al., 1998);
alternative L1014 mutations such as L10148mgambiae(Ranson et al., 2000x. pipiens
(MartinezTorres et al., 1999), and L1014HHteliothis virescengPark and Taylor, 1999and

Musca domesticéPark et al., 1997). Recent studiesn quinquefasciatusaced the

frequency of both synonymous and reymonymous NPs throughout the pressug totwo

distinct field strains o€x. quinquefasciatud he results showed that combinations of SNPs
became fixed in the population as the level of permethrin resistance increased (Li et al., 2012; Xu
et al., 2013), notably three nesynonymous SNP emges which were L982F, A109S, and
W1573R, which were comparable to L1014F, A99S, and W1594R domesticarespectively.

Li et al., 2012 and Xu et al., 204 further coidentified six synonymous that were found to be
statistically correlated to permeithresistance it€x. quinquefasciatug hesecorrelation of
thesenovel SNPsn the Vssc to increasing insecticide resistance suggests their involvement in

insecticide resistance (Li et al., Z)1



1.4.2 Insensitivity of acetylcholinesterase

Acetylcholire is a neurotransmitter in insects that spans the synapse of two neurons to
continue the nervous impulse from nerve to nerve via the nicotinic acetylcholine receptor.
Following the signal transmission, acetylcholinesterase degrades acetylcholine inte ahdli
acetic acid, terminating the nervous stimulation. Organophosphorous and carbamate compounds
are both inhibitors of acetylcholine, and resistance to these two insecticides has been identified
and linked to insensitivity of acetylcholinesterase in quit®es, houseflies, and multiple other
insect species as well (Fournier and Mutero, 1994; Casida and Durkin 2013). Multiple non
synonymous mutations in the acetylcholinesterase molecule have been documented in diverse
insect species including. melanogater, Aphis gossypiiLucilia cupring Ae. aegyptiCx.
pipiens An. gambiagandAn. albimanugMutero et al., 1994; Vaughan et al. 1997; Chen et al.,
2001; Boublik et al., 2002; Weill et al., 2003; Weill et al., 2004; Menozzi et al., 2004). Not all of
thenonsynonymous mutations identified in these insects confer insecticide resistance, while
various combinations of the other mutations, for example the combination of the two mutations
S431F and A302S confers a high level of resistance to both OP compouhdsrbamates in

the aphidsvl. persicaeandA. gossypi(Benting and Nauer2004; Andrews et al., 2004).

1.4.3 Insensitivity of the gammaaminobutyric acid receptor

Gammaaminobutyric acid (GABA) is the major insect neurotransmitter for inhibitory
neuwons, which are neurons that play an important role in nervous impulse transduction by
hyperpolarizing the nerve, making an action potential less likely (Otsuka et al., 1966). The

GABA receptor, itself, forms a multimeric @hannel, which when bound toABA, results in



an influx of Cf into the nerve cell, resulting in hyperpolarization of the memb{@nench-
Constant et al., 199Buckinghamet al, 2005). The GABA channel is the target for several
insecticides, inlcuding cyclodienes, phenylpyrazaesl avermectin (Abalis et al., 1986; Gant et
al., 1998). Multiple studies have identified resistance in the GABA receptor, the first of which
was the identification afdl (resistance to dieldrin locus), which is the result of an amino acid
change from anine to serine at position 302 (A302S) in the M2 domain of theh@hnel in
Drosophila melanogastdffrenchConstant et al., 18). The same A302S (or A302G in for
some insects) has since been identified in a multitude of insects inclisgphila smulans,
Musca domestica, Blatella germanica, Aedes aegBptnisia tabagiTribolium castaneum
Hypothenemus hampeindMyzus persicaéfrench-Constant et al., 1993; Zhang et al., 1994;
Andreev et al., 199 ffrenchConstant et al., 1993Therdl locus that has been shown to confer
not only dieldrin resistance, but resistance to other insecticides that target the GAB@Arrecept

such as phenylpyrazoles (efigronil) as well.

1.5 Other mechanisms of insecticide resistance
1.5.1 Decreased penetration
A minor increase in the resistance to insecticides as a result of changes in the cuticular
structure of insect has long been proposedPénd Hoyer, 1968erriere, 1982).
Earlier work demonstrated higher protein and lipid contents in the cuticle ofr&distant
Heliothis virescensand mutipleinsecticide resistalusca domestic@vinson and Law, 1971;
Patil and Guthrie, 1979). Recent work using scanning electron measurements has shown that the
females of pyrethroidesistantAnopheles funestimad sgnificantly thicker cuticles than

pyrethroidsusceptible females (Wood et al., 2010). Geaged evidence for the involvement of



cuticular genes has also been demonstrated in the Colorado potath éptetietarsa
decemlineatawhere three structural giyne-rich cuticular genes were found to be highly
induced upon exposure to the organophosphate aziphosmethyl (Zhang et al., 2008). More
recently, tissuspecific QqRTPCR has shown that along with thenggulation of cuticlar

structural genes, the majoriby the metabolic genes contributing to insecticide resistance in the

common bed bu@imex lectulariusare expessed in the epidermal layer (Z&t al., 2013).

1.5.2 Behavioral/Other resistance

Behavioral resistance refers to changes in the behavibe afisect that results in
avoidance of the insecticide (Chareonviriyaphap et al. 2013). Behavioral resistance is broadly
classified into nofcontact spatial repellency (where the insect avoids the chemical without
contact) and direct contact excitationh@ve the insect becomes hypersensitive to the chemical
and moves away from the toxin/toxicant following exposure (Roberts et al., 1997). An example
of behavioral resistance is that of the German cockrBéatklla germanicdo survive a
hydramethylnorspiked cornsyrup bait by developing an aversion taydcose, which led to a
decrease in efficacy from 90 to 39% in only five years of exposure (Silverman and Bieman,
1993), which has been recently been discovered to be the result of changes in the peripheral
gustatory receptor neurons GRN1 and GRN2, which are stimulated by sugar which encourages
feeding and bitter compounds which sugges feeding, respectively (Waldatsamata et al.,
2013). In glucos@averse roaches, GRN1 exhibits a low responsegtubos relative to wild
type roaches, while GRN2 is stimulated in a dose dependent fashion, even though GRN2 has no
response to Bylucose in wildtypeB. germanicgWaduKatsamata et al., 2013). This ultimately

results in glucosaverseB. germanicaavoiding the hydramethylnorspiked cormsyrup bait due



to the high concentration of-Blucose.

1.6 Insecticide cross resistance

The development of insecticide resistance in an insect can lead toesistance to a
different insecticide, even if the insect haver been exposed to the second insecticide.
Examples of this are in the diamondback nieiiitella xylostellavhere selection of a strain
using permethrin, conferred cresssistance to other pyrethroids (Yu and Nguyen, 1996), the
Southern House Mosquitoulex quinquefasciatushere resistance to fenitrothion also conferred
resistance to DDT and dichlorvos (Hassall, 1990), and the houskifiyga domesticevhere a
the highly pyrethroietesistant ALHF strain was identified to have crossistance to typeand
type Il pyrethroids, as well as the carbamate propoxur due to the high activity of

monooxygenases.iu and Yue, 2001

1.7 Interaction of insecticide resistance factors

The factors that confer insecticide resistance to insects may, independeridy,otdy a
small level of resistance, whereas the combination of factors may confer multiplicative resistance
(Georghiou, 1972). Studies using crosses of an insecticide resistant sivaidarhesticavith
an insecticide susceptible strain possessingss#ee molecular markers unique to each of the
five autosomes dfl. domesticdnave allowed researchers to investigate the additive or
multiplicative effects of insecticide resistance factors that are borne on different autosomes and
their possible interaicin. Georghiou (1972) identified that autosomes 2, 3, and 5 independently
conferred 3.2, 1.7, and 1.0, respectively, when compared to the susceptible strain. When

autosomes 2, 3, and 5 were combined, however, it resulted in a nearly complete restoration of
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resistance. Other work using a similar house fly crossing strategy has shown thattiraps

factors may influence the expression of resistance genes, sGMP&®1 which is located on
autosome 1, but whose expression is controlled by a factor ssoag@® (Liu and Scott, 1997).
Recently, the factors involved in a multiptesecticide resistant strain bf. domesticanave been
investigated using a combination of RN#eq gene expression profiling and various house fly
crosses between the insecticideiseant and the insecticide susceptible strains. The results of this
study indicated that factors on autosomes 2 and 5, notably cytochrome P450s and regulation
genes may be largely responsible for the metabolic resistance to insectidWlefomestica

with minor pesticidemetabolism factors present on autosomes 1 and 3 (Li et al., 2013).

Other studies have identified that microbes may slow the development of insecticide resistance
(Broderick et al 2006) For example, correlations have been made betiieedensity of
Wolbachiainfection in insecticide resistant mosquitoes and have been shown to be responsible,
in part to the reproductive fitness of mosquitoes (Duron et al., 2006). Finally microbes may
confer insecticide resistance to insects by direflyrading them. A recent study in Japan has
identified that colonies dBurkholderiain sugar cane fields, where fenitrothion was repeatedly
and heavily applied, had developed the capacity to utilize fenitrothion as a carbon source. When
the bean buiptortus pedestrifeeds on the sugar cane, it acquires the bacterium which
colonizes the midgut of the insect, where it confers resistance to fenitrothion by using any

fenitrothion injected byR. pedestrigs a food source (Kikuchi et al., 2012).

1.8 Culexquinquefasciatus an insect pest
ThemosquitoCulexquinquefasciatuSayis a primaryvectorof several disease causing

agents includingiWWestNile virus, St. Louis encephalitis virugasterrEquineEncephalitisvirus,
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Japanes&ncephalitisvirus, Chikungya virus, Wucheriabancroftii (Nasci and Miller, 1996;
Arensburger et al., 2010Fulex quinquefasciatusasa globaldistribution,and is found
predominantly irtropical, subtropical, and warmer portions of the temperate redionature,

Cx. quinquefagatusis anautogenous, requiring a blood meal in order to provii@ggs

(Gel bi | and,?2®9.7dteprpnary ostsSAEx. quinquefasciatuare birds, however
they also feed on humans, mammals, and amphibians (Mackay et al. 2010, Unlu et al. 2010). The
degree to whiclCx. quinquefasciatugeds on humans in North Ameribas been shown to vary
from as low as 1% in a study in California (Reisen et al. 1990) to 50% in a study conducted in
Arizona (Zinser et al. 2004 Alabama,it is the predominant mosquito species in urban areas
(Fonsea et al., 2004; Cupp et al., 201Currentapproacheso controllingmosquitoesn the
staterely primarily on sourcereductionandthe applicationof insecticidesprimarily pyrethroids

andorganophosphatefr bothlarvalandadultmosquitoegLiu et al., 2004)

1.9 Insecticide resisince inCx. quinquefasciatus

The Southern house mosqu@a. quinquefasciatusas been reported to have resistance
to and varying degrees of insecticide susceptibility to >20 different insecticides (Hamdan et al.,
2005; Pridgeon et al., 2008; Norris andriNg 2011), however, since pyrethroid insecticides are
the most widely used insecticides for the control of mosquitoes indoors (Liu et al., 2006) and
since pyrethroids represent egearter of the worldwide insecticide market (Hemingway et al.,
2004), mub of the research to investigate insecticide resistanCa.iquinquefasciatusas
focused on resistance to pyrethroids. Insecticide resistance mechan@@msjinnquefasciatus
can include factors sucah as increased sequestering 188ditFeyereiseri995), however the

major inseticide resistance factors pertain to target site insensitivity and metabolic detoxification
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(Liu et al., 2006). Two multipkensecticide resistant field strains ©k. quinquefasciatus
(HAMC®®, and MAMCd©) have been colleatefrom two geographicalidiverse regions of
Alabama (Liu et al., 2004). These field strains contained botkdihkke mutation L982F

(L1014F) as well as multiple metabcehased resistance factors (Xu et al., 2005; Xu et al.,
200@). Pretreatment of thiIAMCq ©° and HAMC*® strains with the cytochrome P450

inhibitor piperonyl butoxide (PBO) resulted in a-ftdd decrease in resistance to permethrin,
while treatments with the hydrolase inhibitor S,SriButylphosphorotrithioate (DEF) and the
glutathiore Stransferase inhibitor diethyl maleate (DEM) resulted in decreases of only 3 and 2
fold, respectively (Xu et al., 2005). These results demonstrated that along with-tike Vssc
mutation, the majority of insecticide resistanc€ quinquefasciatis attributable to

cytochrome P45@nediated metabolic detoxification (Xu et al., 2005). Similar results were
obtained from collections @x. quinquefasciatusorldwide from regions as diverse as Saudi
Arabia (Kasai et al., 1998), California (McAbee, 3D0and West Africa (Chandre et,&1998).
Hardstone et al. (20)@urther identified that there are epistatic (interactions that are non
additive) effects between ther-like Vsscmutation and cytochrome P450sGR.
qguinquefasciatuwvith regard to perthrin resistance. In their study, they crossed a permethrin
resistant strain a€x. quinquefasciatusontaining thekdr-like mutation and cytochrome P450
metabolic detoxification (Jpal strain) with a lab susceptible stralalto obtain a strain
possssing P45@nediated resistance, but kor-like mutation. It was found that cytochrome
P450mediated detoxification alone conferred only 4% of the same resistance as the combination
of thekdr-like mutation and the P4&@ediated detoxification. They furthéound that if the
cytochrome P450s of the Jpal strain were inhibited by PBO, the strain lost nearly all resistance to

permethrin, reducing from ~280406Id resistant to 7@old resistant when compared to a
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laboratory susceptible strain 6k. quinquefagatus. The HAmMCoF® and MAMCA®P strains

were further pressured with permethrin in the laboratory to obtain strains with a high level of
pyrethroid resistance (Xu et al., 2@)6As a result of the permethrin pressuring, the genes
involved in pyrethroid reistance were identified to be ox@tpressed when compared to their
respective parental strains (Liu et al., 2007; Liu et al., 2011; Yang and Liu, 2011). This allowed
for techniques such as suppression subtractive hybridization to be conducted to geermesy

that are involved in permethrin resistance, including genes involved in cellular and molecular
metabolism, signal transduction and regulation, vesicular and molecular transport, protein
biosynthesis and ubiquitinization, cytoskeletal network, ahdrst(Liu et al., 2007). Liu et al.
(2007) discussed, for the first time, the possible involvement of cellular signaling in cytochrome
P450 gene expression in mosquitoes and the link to insecticide resistance. Studies utilizing gRT
PCR have also been corutied to characterize the gene expression profiles of cytochrome P450s
in insecticide resistant strains ©k. quinquefasciatud.iu et al. (2011) identified that four
cytochrome P450 geneSYP6AAT7CYP9J40CYP9J34 andCYP9M10were constitutively up
reguated in the larval stages in highly permethmésistantCx. quinquefasciatysvhile only
CYP6AAMvas upregulated in adult mosquitoes. Liu et al. (2011) further identified that three of
these cytochrome P450 gen€¥P6AA7CYP9J34andCYP9OM10 were indicted to a higher

level of gene expression following a 24 h exposure to permethrin at #aedt€ The use of the

two highly insecticide resistant strains@. quinquefasciatudlHAmCq and MAmMCq) also

allowed for gene expression profiling of the entioenpliment of the 204 cytochrome P450

genes predicted to be present in@e quinquefasciatugenome (Arensburger et al., 2010) and

to link selected cytochrome P450 owpressed genes to permethrin resistance. In their study,

Yang and Liu (2011) iderited that multiple cytochrome P450 genes wergagulated across
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the two permethrin resistant lines tested when compared to their parental low insecticide
resistance strains (HAME¥to HAMCF and Slab, and MAMCE® to MAMCF? and Slab,
respectively). ¥ng and Liu (2011) further confirmed the-tggulation ofCYP6AA7CYP9J40
CYP9J34andCYP9M10n larval permethrirresistanCx. quinquefasciatysand further
identified thatCYP6AA7andCYP4C52vivere upregulated across both strains of permethrin
resstantCx. quinquefasciatusnd all lifestages. This highlighted the importance of CYP6AA7
and CYP4C52v1 in permethrin resistance for all life stages, while other cytochrome P450s,
notably CYP9J40, CYP9J34, and CYP9M10 may be of particular importancefioetbein
resistance in the larval stage.

In addition to the deep level khowledge ottytochrome P450 mediated resistanc€xn
guinquefasciatusgesearch has been done to investigate the sequence changes (SNPs) associated
with theVsscduring pressuringvith permethrin. SNP analyses of the successive generations of
the two highly permethrimesistant strains HAmG§ and MAMC?® as they were undergoing
laboratory selection with permethrin identified a total of nine (threesyapnnymous and six
synonymous SNPs in th&/sscthat were statistically correlated to the increase in resistance to
permethrin (Xu et al., 20B2Li et al., 2012). This suggested that as permethrin resistance
increases, theiis a need for additional target site modifications tonta@n the insensitivity of

theVssc in the presence oigher permethrin concentrations.

1.10 Next generation sequencing
With the advent of next generation sequencing, the ability to rapidly acquire large
amounts of sequence information in a short perfdde became available. Several

technologies have been developed and are in current use as of 2012, including the iasatha
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Solexa technology, the SOLID technology, the Roche 454 technology, and the lon Torrent

technology (Metzker, 2010).

1.10.1 llumina mRNA-Seq sequencing

In lllumina MRNA-Seq sequencing, the compliment of mMRNA is extracted from the RNA
fraction via oligedT hybridization or ribosomal RNA subtraction. The mRNA is then reverse
transcribed into double stranded DNA, sheared intocggguate lengths (~300 nucleotides) and
two unique Yadapters are added to the ends of the molecule (Metzker, 2010). Due to the lack of
complementarity of the-ddapters at their&nd, a PCR generation step can be conducted that
will allow for the selectre amplification of only those fragments containing the two adapters
(one on each end of the fragment). The fragments are then flowed asilass slide flow cell
that iscoated with a sequence that is complimentary to the adapters, to which theydsahae
as the template for the extension of the covalembiynd adapters. The bound adapters are then
extended using a DNA polymerase (Metzker, 2010). This step generates a second template at the
end of the molecule, which can then anneal to a secoraderdly-bond adapter on the silica
slide, where it serves as the template for the generation of the reverse strand via bridge
amplification (Harris et al., 2008). This cycle is repeated to obtain localized spots or 'polonies’
where singlestranded uniquérward and reverse strands are present. Once the polonies have
been generated, the PCR reaction proceeds in the presence of all four nucleotide bases containing
a reversible allyl protecting group on then§droxyl on the sugar and a second allyl group
connecting a unique fluorophore to the nucleobase (Metzker et al., 1994; Canard and Sarfati,
1994). Once a base has been added to the growing chain, the remaining nucleotides are flushed

from the flow cell and the slide is excited successively with twewdifit wavelengths that excite
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the fluorophores that are then read for each polony using a camera (lllumina, San Diego, CA).
Following the recording of the flourophore (which indicates which base was incorporated), a
palladiumcatalysed tris(Zarboxyethylphosphinemediated deallylation reaction removes the
fluorophore and restores the/droxyl on the deoxyribose sugar allowing for the next base to
be incorporated and read (Bentley et al., 2008). This cycle is repeated to identify the next base

and ultimately, obtain the nucleotide sequence.

1.10.2 Gene expression analysis using RN2eq

To determine the gene expression levels of genes using theIeiAnethodology, the
individual reads are mapped to a nucleotide reference and the total number thainaesad
matches to a sequence within a gene is recorded (Rapaport et al.,2013). Since all genes are
fragmented into lengths of ~300 nt, the longer the gene is, the more fragments into which the
gene will be divided. Therefore, the total number of fragta that are mapped to a gene are
normalized by gene length in order to account for the additional possibility of longer genes to
have mapped fragments. For this reason, the number of reads mapped is divided by the number
of thousand nucleotides per genoereads/fragments mapped per kilobases of sequence for every
million reads mapped (RPKM/FPKM) (Oshlack and Wakeffeld, 2009). For example, if 500 reads
mapped to a given gene, and the gene was 2500 nt long, the 500 mapped reads would be divided
by 2.5 toyield 200 and subsequently divided through by every million reads mapped, allowing

genes to be compared both within, and between samples (Rapaport et al., 2013).
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Chapter 2: Research Goal and Specific Objectives

2.1 Introduction

Mosquitoes serve dhe vectors of several human and animal pathogens. Insecticides are
used to suppress mosquito populations and protect humans and animals from disease. Insecticide
resistance, however, results from the repeated use of chemical insecticides and becomes a
practical problem in the management of mosquito borne diseases. The Southern house mosquito
CulexquinquefasciatuSayis a globally-distributed mosquito and is tipgimaryvectorof West
Nile virus, St. Louis encephalitis virugasterrEquineEncephalitisvirus, Japanes&ncephalitis
virus, Chikungunjavirus, andWucheriabancroftii (Nasci and Miller, 1996; Fonea et al., 2004;
Arensburger et al., 2010; Cupp et al., 20@Ie strain ofcx. quinquefasciatysdAmCdf*°,
which has resistance to pyrethroidasibeen further selected with permethrin for eight
generations in the laboratory to produce the HAR/fGtrain, and has ~36@Id higher
resistance level than the HAm®parental strain (Xu et al., 2086.i and Liu, 2010)Multiple
studies have identifievarious factors involved in insecticide resistance based on the H&MCq
strain, including variations in the sodium channel (Xu et al., BOO6et al., 2012; Xu et al.,
20129), cytochrome P450s (Liu et alQ21, Yang and Liu, 2011; Gong et,&013),and other
previously uncharacterized factors (Liu et al., 2007). Taken together, these results indicate that
insecticide resistance {Dx. quinquefasciatus the result of multiple factor$herefore, |
hypothesize that the use of RN&eq, which can comerently estimate the gene expression
levels of all genes, to probe the gene expression profiles of the H¥sajn, will elucidate
novel mechanisms of insecticide resistancé€xnquinquefasciatug he questions raised are: 1)

what genes are uggulaed in the HAMCE® strain, both constitutively and upon exposure to
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permethrin; and 2) are the genes identified as important to insecticide resist@rce in
quinquefasciatugnportant in other mosquitoes.

In addition to the investigation of insecticidssistance genes, we were also interested in
possible new targets for the development of insecticides againguinquefasciatugor this,
we chose to investigate the anautogenous blood feeding requiren@atgfinquefasciatus
Adult femaleCx. quinqefasciatugequire a period of time before they are capable of taking the
blood meal during which, the female mates and continues with the necessary development to be
competent for the acquisition of the blood meal itself (Williams and Patterson, 1968). Ma
studies have shown that genes and geregplation are involved in the processing of the blood
meal and subsequently, vitellogenesis (Chen et al., 2004, Hansen et al., 2005, Bryant et al.,
2010). Therefore | hypothesize that the use of Rb&Y to chaacterize the gene expression
profiles of newlyeclosed femal€x. quinquefasciatuwill reveal genes involved in the
requirements of the female for the taking of a blood meal. The two questions raised are: 1) what
changes in gene expression occur durirgeidrly time points postclosion, and 2) are these

gene changes related to vitellogenesis.

2.2 The goal of research and specific objectives

In order to answer these two questions in 2.1 and gain valuable insights into insecticide
resistance and they péiglogy of Cx. quinquefasciatyshe longterm goal of my project is to
first, characterize the gene expression profiles of the highly permegéisistant strain oCx.
quinquefasciatuslAmCq®® both in the absence of, and in presence of permethrin, aoddsgo
characterize the gene expression profile€xfquinquefasciatuduring the early stages

following eclosion in the female as they pertain to blood feeding. To achieve mielongoals,
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the following objectives will be performed: 1) charactei@aof the genes differentially

expressed between the HAnf@gtrain and its parental HAmE®strain; 2) characterize the

genes differentially expressed upon exposure to permethrin; 3) using the superfamily of
cytochrome P450 genes, characterization efujiregulation of P450 genes in a different

mosquito species; 4) characterization of the changes in gene expression in newly eclosed female

Cx. quinquefasciatus

2.2.1 Characterization of the genes differentially expressed between the HAmEgptrain
and its parental HAMCqg®° strain

Earlier studies have investigated the genes involved in insecticide resistance in the
HAMC8 strain through various technologies including SNP reaction analysis (Xu et &b; 200
Li et al., 2012; Xu et al., 2012, suppressio subtractive hybridization (Liu et al., 2007), and
gRT-PCR (Yang and Liu, 2011). With the advent of next generation sequencing, we are now able
to concurrently probe the gene expression levels of nearly all genes @ithguinquefasciatus
(Metzker et al 2010). This is further aided by the availability of the annotated genor@ for
guinquefasciatugArensburger et al., 2010). To identify the genes that are differentially
expressed between the highly permethesistant stin of Cx. quinquefasciatudAmCq®® and
its parental lowresistance strain HAmEH we will conduct RNASeq on the most pyrethreid
resistant life stage, the fourth instar (Li and Liu, 2010), then conduct tests of differential gene

expression and functional enrichment of associated gatology (GO) terms.

2.2.2 Characterize the genes differentially expressed upon exposure to permethrin

20



A recent study in our lab has identified that in the HAfCxrain, several cytochrome
P450 genes are upgulated during an exposure to permietiGonget al, 2013). Following a
similar approach as outlines in 2.2.1, we will expose fourth iksAanCq®8 to permethrin at the
LCsoand LGo rates for 24 h, which is an exposure period that has previously been shown to
result in gene wpegulation(Zhu et al., 2008, Gong et al.2013). In addition an acetone control
at the same rate of acetone (200 ppm) will be treated for the same 24 h interval. All samples will
be sequenced using RN3eq, mapped to theéx. quinquefaciatugenome and compared to an
untreated zero hour reference. Following this, tests of differential gene expression, Venn diagram
analyses, and functional enrichment of associated gene ontology (GO) terms will be used to
identify the changes in gene expression for a highly permettsistant strain oCx.

guinquefasciatuduring permethrin exposure.

2.2.3 Characterization of the upregulation of P450 genes in a different mosquito species
Previous work has shown that different mosquito species have different susceptibilities to

insecicides (Beckage et al., 2004; Pridgeon et al., 2008). In order to investigate the factors

involved in insecticide resistance and to see if there are comparisons between different mosquito

species, we will use the superfamily of cytochrome P450 genesraxtdraze the gene

expression levels iAedes aegyptdb compare with the gene expression values of insecticide

resistantCx. quinquefasciatuérang and Liu, 2011). We will use gHACR to proble the gene

expression of all cytochrome P450 genes inAtbeaegyptigenome (Nene et al., 2000

identify upregulated P450 genes. Based on these results we will select several P450 genes for

functional study using the GAL4:UAS enhancer trap methodology (Brand and Perrimon, 1993;
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Bischd et al., 2007) to test thedBO gene for its functional capacity to degrade the type |

pyrethroid permethrin and the type Il pyrethroid begpermethrin.

2.2.4 Characterization of the changes in gene expression in newly eclosed fertxde
guinquefasciatus

Newly-eclosedCx. quinquéasciatusfemales require a period of time before they will
freely take a blood meal (Williams and Patterson, 1969). To characterize the genes that may be
involved in preparing the female for the taking of a blood meal, we will first determine the time
couse for which females will take a blood meal by collecting nexdipsed adults in 12 h
intervals and subsequently providing them with a blood meal at 24 {fe@oston and every 12
h thereafter until 144 h pestlosion. Once the time course for blooddmg has been
determined, we will utilize RNASeq technology to probe the gene expression profiles of adult
femaleCx. quinquefasciatusom 2 h posteclosion and every 12 h following until a time point
that represents the age at which roughly half ohtbsquitoes would take a blood meal. The
gene expression values from the RISAq sequencing will be estimated and differential gene
expression will be tested as a time series to identify genes that are differentially expressed
through the poseclosion though to blooding time period. To identify if the genes detected as
differentially-expressed throughout the time series by the F8¢4 survey, we will characterize
a set of genes identified as differentiadlypressed in the RN&eq results along with seted
genes known to be linked to vitellogenesis in mosquitoes including vitellogenins (Hansen et al.,
2004). We will then test to see if the gene expression chan@es quinquefasciatuduring the
early time point following eclosion are related to vidgktnesis by select genes identified as

involved in vitellogenesis by theRJ-PCR work. We will then use 20ydroxyecdysone as well
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as ecdysone agonists to tr€at quinquefasciatu® see if we can induce the expressiok 6
which regulates the expresniof vitellogenin (Guoquiang et al., 2002). This will determine if
the differentiallyexpressed genes in the early stages of adult fehalquinquefasciatus

following eclosion are involved in the vitellogenesis competency of the mosquito.

2.3 Significance

Characterization of gene expression profiles at the whole transcriptome level can
elucidate patterns of gene expression that may otherwise go undetecigasieriori
approaches. The use of Rh&eq to survey for uncharacterized factors involvedsedticide
resistance ilCx. quinquefasciatugrovides an ideal start point for future studies to identify the
regulatory pathways involved in insecticide resistance, which may ultimately lead to an
improvement of mosquito management. The same {SEé techology applied to the
previously uncharacterized early pestiosion time points d€x. quinquefasciatuadult females
also represents the possibility for the discovery of new factors involved in host seeking and
blood meal acquisition, which could represaovel targets for the development of new

insecticides again€ix. quinquefasciatus
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3.1 Abstract

To betterunderstandhe geneticvariationin the insecticideesistantmosquito,Culex
guinquefasciatysandto gainvaluableinsightsinto the geneinteractionandthe complex
regulationsysteminvolvedin the developmentfansecticideresistancewe conducteca whole
transcriptomenalysisof Culexmosquitoegollowing permethrinselection Geneexpression
profiles forthelower resistanparentaimosquitostrainHAMCg®® andtheir permethrirselected
high resistanbffspring HAMCq®® were compared andtatal of 367 and3982geneswere found
to beup- anddown-regulatedrespectivelyjn HAMCo®8, indicatingthatmultiple genesare
involved in response to permethrin selectidowever, a similar overall cumulative gene
expresion abundance was identified betweenamd dowrregulated genes in HAMEg
mosquitoegollowing permethrin selectiorsuggesting &omeostatic response to insecticides
through a balancing of the uand downregulation of the gene®vhile structuralandor

cuticularstructuralfunctionswere the only two enrichedGO termsfor downregulatedyenes, the
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enrichedGO termsobtainedfor the up-regulatedyenesoccurred primarily among theatalytic
andmetabolicfunctions where thegepresentethreefunctiond categorieselectroncarrier
activity, binding,andcatalyticactivity. Interestinglythe functional GO termsin these three
functional categoriewereoverwhelminglyoverrepresenteth P450s angbroteaseserine
proteasesTheimportant role played b450s in the development of insecticide resistéiase
beenextensivelystudied buthe functionof proteases/serirgroteases resistance is less well
understoodHence the characterizatiof the functionsof theseproteins,including their
digestive catalytic andproteinasectivities;regulationof signalingtransductiorandprotein
trafficking, immunity and storage; and their precise function in the development of insecticide
resistance in mosquitoes witovidenewinsightsinto how genesareinterconnecte@nd
regulatedn resistance.

Keywords: Pyrethroid resistance, gene expressiofexquinquefasciatuydranscriptome, up

regulation

3.2 Introduction

Mosquitoesareknownvectorsof parasite@ndpathogen®f bothhumanandanimaldiseases
andtheir controlis animportantpartof the global strategyto controlmosquiteassociated
disease$WHO, 1957) Insecticidesarethe mostimportantcomponenbf thisvectorcontrol
effort, andpyrethroidssuchaspermethrinarecurrentlythe mostwidely usedinsecticidedor the
indoor controlof mosquitoesvorldwide andthe only chemicalrecommendedbr thetreatment
of mosquitonets,themaintool for preventingmalariain Africa (Najera and Zaim, 2001)
However,the developmenof resistanceo insecticdes,especiallyto pyrethroidsjn mosquito

vectorshasbecomea global problem(Hemingway et al., 2000; Phillips, 2001; Liu et al., 2004;
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Xu et al., 2005; Liu, 2008An improvedunderstandingf the mechanismsgjoverninginsecticide
resistances therefoe necessaryo provide a knowledge base for the developmemiookl
strategiego preventresistancelevelopment and other toolsdontrolresistanimosquitoes;
ultimatelyreducingthe prevalencef mosquitebornediseasesResistancdas beemssumedo
beapre-adaptivephenomenonn thatprior to insecticideexposuregareindividualsalreadyexist
who carryanalteredgenomethatresultsin oneor morepossiblemechanismégfactors)allowing
survivalfrom the selectionpressuref insecticide{Sawickiand Denholm, 1988rattsten et al.,
1986)In addition, some studies propose that resistance can also be induced by insecticide
exposurg\Vontas et al., 2010nnd overalltherateof developmenbof resistancen field
populationsof insectsdependsiponthelevelsof geneticvariability in a population(Liu and
Scott, 1995; Liu and Yue, 20QEfforts to characterizehe geneticvariationinvolvedin
insecticideresistancdavethereforebeenfundamentain understandinghe developmenof
resistancendstudyingresistancenechanismsaswell asin practicalapplicationssuchas
designingnovelstrategiego preventor minimize the spreadandevolutionof resistance
developmenandthe control of insectpestgRoush et al., 1990)
ThemosquitoCulexquinquefasciatu$ayis a primaryvectorof WestNile virus, St.
Louis encephalitis virugasterrEquineEncephalitisvirus, Japanes&ncephalitisvirus,
Chikungunjavirus, Wucheriabancroftii, andpathogenshatcausdymphaticfilariasis (Nasci and
Miller, 1996; Arensburger et al., 2010his mosquitospeciesasa globaldistribution,
especially throughout tropical and temperate climates of the \(feolisea et al., 2004; Cupp et
al., 2011) In Alabama,Cx. quinquefasciatus the predominanmosquitospeciesin urbanareas.
Currentapproacheso controllingmosquitoesn the staterely primarily on sourcereductionand

theapplicationof insecticidesprimarily pyrethroidsandorganophosphatefr bothlarval and
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adultmosquitoegLiu et al., 2004)OnenorthernAlabamaCulexstrain,HAMCq° collected
from Huntsville,hasdemonstratethe ability to developresistancend/orcrossresistanceo not
only pyrethroidsandorganophosphatd®Ps),but alsorelativelynewinsecticidesuchas
fipronil andimidacloprid(Liu et al., 2004) The HAMCd®® mosquitostrainhasbeenfurther
selectedvith permethrinfor eightgenerationsn thelaboratory to producthe HAMCq®8 strain,
which hasa muchhigherlevel of resistancéo permethrinthanthe parentalstrain, HAmCcf°
(Xu et al., 200§; Li et al., 2009; Li and Liu, 2010)n aneffort to betterunderstandhe genetic
variationin resistantnosquitoesandgainvaluableinsightsinto the genesnvolvedin the
developmenbf permethrinresistancén Culexmosquitoeswe chose the most resistant life stage
(fourth instar larvad).i and Liu, 2010)andconducteda wholetranscriptomenalysisof the
mosquitoCulexquinquefasciatusollowing permethrinselectionandexaminedhegene
expressiorprofiles betweerthe lower resistanparentalstrainHAMCq®® andtheir permethrin

selectechigh resistanbffspring HAMCq®® usinglllumina RNA Seq (Morin et al., 2008)

3.3 Materials and Methods

3.3.1 Mosquito strains

CulexquinquefasciatustrainHAMCC is alow insecticideresigantstrainwith a 10-fold level
of resistancéo permethrincomparedvith thelaboratorysusceptibles-Lab strain(Li and Liu,
2010) It wasoriginally collectedfrom Huntsville,Alabamain 2002andestablishedn laboratory
without furtherexposureo insecticides (Liu et al., 2004yhe HAMCq8 strainis the 8"
generatiorof permethrinselectedHAmMC®? offspringand hasa 2,706fold level of resistance
(Li and Liu, 2010)All mosquitoesvererearedat 25+2°C undera photoperiodf 12:12(L:D) h.

The mosgjuito was reared strictly under identical rearing conditions for the two mosquito
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populations to enter into the fourth instar stage at the same time, which was achieved through the
controlling of the egg raft collection, egg hatching, and subsequent d@wellbpment and

sample collection.

3.3.2 RNAextraction

A total of 200fourth instarlarvaeof the HAMCq®8 andHAMCo®® mosquitopopulationsvere
pooled,flashfrozenon dry ice andimmediatelyprocessedor RNA extraction. The fourth instar
lifestage wa selected because it is the mostpethrinresistant lifestage (Li and Liu, 2010)
which should provide for the greatest differences in gene expression between-tiledow
highly-permethrin resistant mosquito straifietal RNA wasextractedusingthe hot acid phenol
extractionmethod(Liu and Scott, 1997)after which aotal of 30ugof RNA wastreatedwith
DNasel usingthe DNA-Freekit from Ambion (Austin, TX) to removeanycontaminanDNA.
Total RNA wasre-extractedwvith two successivacid phenol:chloroform (1:1) stepsfollowed by
afinal chloroformextractionto removeanyresidualphenol.The RNA wasthenprecipitatecover
ethanolandresuspendeth steriledistilled water.After alpgaliquotof RNA had beervisually
inspectedor quality andfor DNA contaminatioron a 1% agaroseyel, totalRNA wassentfor
RNA-Seqanalysis(HudsonAlpha Instituteof Biotechnology{HAIB]).

3.3.3 RNAlibrary preparation, RNA SeqgsequencingData analysis,and geneexpression
processing

RNA quality wasassessedsinganAgilent 2100Bioanalyzer(Agilent, Santa Clara, CAgndan
InvitrogenQubit (Invitrogen, Carlsbad, CAl.ibrarieswerethenpreparedisingthe lllumina
Tru-SeqRNA SamplePrepKits (lllumina, San Diego, CAjor mRNA-Seganda 3’ poly A tail

selectionrmethod.Samplesverebarcodedandrun asoneof four samplesnasinglelaneof an
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lllumina Hi Seq2000chip. Sampledor themRNA Seqwererun usingthe PE-50 module

(HAIB). Basecalling, initial removalof low quality readsandbarcodeparsingwereconducted

by the staff atHAIB. Dataweresortedby coordinateusingPicardtools
(http://picard.sourceforge.nethdcheckedor matepair matching.Pairedendreadswerethen
mappedo the Cx quinquefasciatugenomerom VectorbaséMegy et al., 2009)singTophat
(Trapnell et al., 2009¥ith matepair interval of 200 basesaindthe gtf basefeaturesle. The--no-
novekjuncs flag was used in the alignment to suppress the discovery of novel spliceforms in
order to estimate gene expression levels based on therhbase annotation of the genesad
countsweredeterminedising Cufflinks, andthetestingof differentialexpressiorwasestimated
usingCuffdiff (Roberts et al., 2011Both Cufflinks andCuffdiff wereusedbecausé¢hese
programsrovidea moreaccunteestimation othe geneexpressiorvalueby adjustingfor
transcriptfragmentbiaseghat occur at the ends of the transcripts and fragments dbeng
library generatiorprotocol(Kasper et al., 2010Jo adjustfor theunequaloverageacrossa
gene,Cuffdiff usesanegativebinomialdistribution(Anders and Huber, 201@ndappliesa
likelihood functionto estimategeneexpressiorthatreducedias,increaseseproducibilityacross
libraries,andgivesbettercorrelatedyene expression levels as estied bygRT-PCR and
determines differentialle x pr essed genes at t he Kadperétal, fal se
2010) After analysis only geneswith expressiorvaluesQl, asmeasuredn numberof fragments
mappedor everythousanasef genelengthfor every million fragmentssequence@PKM),

wereretainedfor expressiorcomparisongGan et al., 2010)

3.3.4 Gene expression validation using quantitative regime PCR (qRT-PCR)
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The 4" instar larvaef each mosquito population had their RNA extractedeémh experiment

using the acidic guanidine thiocydaeghenolchloroform method (Liu and Scott, 1997ptal

RNA (0.5 pg/sample) from each mosquito sample was rexeEasscribed using SuperScript 11
reverse transcriptase (Stratagene) in atotal volur@e®of ¢ | . The quantity of ¢
measured using a spectrophotometer prior to§RR, which was performed with the SYBR

Green master mix Kit and ABI 7500 Real Time PCR system (Applied Biosystems). Each qRT
PCR reaction (15 ¢l fBR aGr eveod unmees)t ecro nmiax ,n eld ¢ll
specific primer pair designed according to gene sequences (Appendix 3.1) at a final
concentrationof® € M. Al | s a mp |-tensplate negative codtiolpwggret he n o
performed in triplicate. The reaction cydensisted of an initial UDG glycosylase step at 50°C

for 2 min followed by a melting stage at 95°C for 10 min, followed by 40 cycles of 95°C for 15
sec and 60°C for 1 min. Specificity of the PCR reactions was assessed by a melting curve
analysisfor each ER reaction using Dissociation Curves software. Relative expression levels

for the genes were calculated by tH&% method using SDS RQ software (Livak and

Schmittgen, 2001)The 18S ribosome RNA gene, an endogenous control, was used to normalize
the expression of target ger(@sng and Liu, 2011; Liu et al., 201Breliminary gRIPCR
experiments with the primgrair (Appendix 3.1) for the 18S ribosome RNA gene designed
according to the sequences of the 18S ribosome RNA gene had revealed that the 18S ribosome
RNA gene expression remained constarfilAmCq*® andHAMC 8 mosquitopopulations,

so the 18S ribosonf®NA gene was used for internal normalization in the-§&R assays. Each
experiment was repeated three to four times with different preparations of RNA samples. The
statistical significance of the gene expressions was calculated using a Stieshfs all 2-

sample comparisons and a emay analysis of variance (ANOVA) for multiple sample
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comparisons (SAS v9.1 software); avalu®ef0 . 05 was consi dered stat.i

3.3.5 Annotation,genegrouping, and functional geneenrichment analysis
Thegenesvereannotatedor SCOPgeneralanddetailedfunctionsusingthe predictedCx.
guinquefasciatuannotationnformationavailableat the Superfamilywebsite(versionl.75)
supfam.cs.bris.ac.uk/'SUPERFAMILY/index.ht@@ough et al., 2001Additional gene
informationfor carboxylesterasesastakenfrom the Vectorbaseinnotatiorfor the
Johannesburgtrainversionl.1 (www.vectorbase.org) (Megy et al., 200@eneOntologyis a
method of gene annotatidimat was introduced in 1998 (Ashburner et2009) It is composed

of three sets of structured gene ontology tei@1S terms)that have a carefully controlled
vocabulary. These three sets represee€llular Componentwhich describe where the protein
product is located at the s@bllular and mammolecular complex level, Biological Process
which denote gene products that are part of, or are themselves, biological processes, and 3)
Molecular Functionwhich describe what the gene product does with regard to its function. Each
gene may have miiyple GO terms within each of the three sets of GO term ontology. Since the
vocabulary of GO terms is carefully controlled, the occurrence of a given GO term can be
compared between two distinct sets of genes. This allowed us to conduct an enratahsist

of GO terms in the differentialgxpressed gene sets against the entire expressed geseget
the GeneOntologytermsasannotatedor the predicted genes in tkix. quinquefasciatus

genome usingheonlinetool g:Profilerbiit.cs.ut.ee/gprofiler/wlcome.cg(Reimand et al., 2007;
Reimand et al., 2011Jheg:Cocoaool wasusedto testfor GO termenrichmenusingagSCS
thresholdfor the significancethresholdanda staticbackgroundtontainingonly geneswith

expressiorvaluesof QL. This analyss took all of the GO termsassociateavith the differentially
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down or up-regulatedyenesetsanddeterminedf agivenGO termwasstatisticallyover
representedsinga hypergeometriclistribution to quantify the sampling probability that a given
GO termis statistically more abundant in the-uw downregulated gene sathencomparedo

the abundance of that sa®© termamongthe entireexpressedeneset.

3.4 Results

3.4.1 lllumina RNA Seqdata analysis

Themaximumnumbersof 51 nt pairedendreadsthatpassedllumina quality filtering were
32,540,882nd37,184,673or HAMCq® andHAMCE, respectivelyTable3.1), whichis
consistentvith the datatypically obtainedn anRNA Seqreaction that ibasedonanlllumina
HiSeq2000singlelaneconsiging of eightbarcodedsamplesvith amaximumnumberof reads
passingdilter of ~46million (lllumina, Inc. SanDiego,CA). Reads werenappedo the Cx.
guinquefasciatugenomegversion:CpipJ1.2)from Vectorbas€éwww.vectorbase.ojgMegy et

al., 2009)

Table 3.1.Number of paired end reads from the Illumina HiSeq sequencing and the percentage
of reads mapped to tl&x. quinquefasciatuStrain: Johannesburg) predicted transcriptome

Mosquito strain HAMCq° HAmMCq®
Total reads 32540882 37184673
Additional reads discarded 31509 16219

Reads mapped 23008772 30586459

ATotal number of FASTQ (DNA sequence with quality scores) reads passing the lllumina quality
filter
YNumber of reads discarded due to low quality of one or both of the paired end reads

Ovenall, thesequencefragmentamappedo atotal of 14,440geneswith 12,4510f thesehaving

aFPKM valueof O1.0in bothHAMCg®® andHAMC®8, which was used as the minimuralve
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to detect gene expression (Gan et al., 208I0kequence traces and expressvalues have been
submitted to the Gene Expression Omnibus at NCBI, reference accessions GSE33736
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE33#86SRA048095

(http://www.ncbi.nim.nih.gov/sra/?term=SRA0480)95

3.4.2 Transcriptomeprofile: SCOP generalcategoriesand detailed function categories

All expressegenesrom bothHAMCq®® andHAMC 8 wereannotatedor proteinsuperfamily
usingthe StructuralClassificationof Proteing(SCOP)annotationyersionl.73suppliedfor Cx.
quinquefasciats (http://supfam.cs.bris.ac.uk/SUPERFAMIL{Hlubbard et al., 1997¢lassified

in terms ofeight SCOPgenerakcategoriese x t r aT1 cel | ul ar processes,
general, information, metabolism, regulation, not annotatedotied/unknownaccordingto the
generafunctionof the proteins Thegenesexpressed in both HAmEfand HAMC&® were

sorted into each dheeight SCOPgenerakategoriegVogel et al., 2004and then the expression
values of each of these genes were summed within $€0dtal category to obtain the
proportion of total gene expression attributable to each of the SCOP categories (Fig. 3.1).
Overall, the proportions of total gene expression were similar for HA gl HAMC&®,
however there were notable differences betwibe two mosquito strains for the metabolism
category, which accounted for 32% of the gene expressite entire HAMCEE genome
compared to 26% in HAmCH, suggesting an upegulation of genes relating to metabolism in
response to permethrin selectidmother difference in the total gene expression was indghe
annotateatategory in HAMCE?, where it accounted f@3% of the gene expression in the entire
genome compared to onlyp% in HAMCd®, suggesting the down regulation of a set of genes

without functional annotation in response to permethrin selection.
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Figure 3.1.Total proportions of cumulative gene expression levels in HAfA@agd HAMC§®
for theSCOPgeneral and detailed functions using the predi€edjuinquefasciatuannotation
information available at the Superfamily website (version 1.75)
supfam.cs.bris.ac.uk/'SUPERFAMILY/index.html.

3.4.3 Transcriptomeprofile: superfamily

Geneswverefurther categorizednto proteinsuperfamiliesatageneannotatiorievel lower than
detailedfunction to comparethe distributionof the expressionevelsbetweerHAMCq*® and
HAMCE. This allowedusto evaluatechanges in thgeneralgeneexpressiomwithin eachof the
superfamiliedollowing permethrinselectionA log FPKM transformatiorwas usedo normalize
thegeneexpressiorvaluesandthese werg¢henplottedasbeanplotgFig. 3.2, Appendix 3.2. The
distributionof eachsuperfamilywasbroadlyclassifiedasunimodal,bimodal,or multimodal
(Appendix 3.2)accordingto the similaritiesof geneexpressionwithin thatsuperfamily.in

addition, the values of skewness and kurtosis for the gene expression distribution were

calculated, representing the symmetry of the gene distributions within the log normal
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distributions (a positive skewness represemngsree distribution where a majority of genes have
low expression levels and a negative skewness one where a majority of the genes have high
expression levels) and the degree of sharpness of the curve (in leptokurtic distributions, groups
of genes are expresd at similar expression levels and in platykurtic distributions, genes are
expressed across a range of expression levels). Overall, all the superfamilies were comparable
for HAmMCf® and HAMC§?, both in terms of expression levels and in numbers of deses

shown along the Y and the X axes, respectively, in Fig. 3.2, and in Appendix 3.2). This suggested
that the permethrin selection may not have significantly influenced the overall expression levels
of the genes in most superfamilies, however, in somesdhg overall gene expression

distribution in the two strains did differ slightly in a few superfamilies. For example, the Di
Copper containing center gene superfamily showed a multi modal distribution with three
expression peaks in both HAm&g@nd HAMC§®.

However, vhile the magnitude®f all threeexpressiorpeaksweresimilar for anumberof genes

in HAMCqP8, the peakwith thelower modeof expressiomwas>2-fold higherthanthe
intermediatgpeak,andmorethan5-fold higherthanthe highestmodein HAMC®. Similar
patternsverealsofound forthe C-typelectin-like, NAP-like, andPLPbindingbarrel
superfamiliesTheseslight changesn the geneexpressiordistributionpatternmayreflectthe
influenceof up-regulatedyeneson the overallgeneexpresionpatternin eachof the

superfamiliesThe lysozymédike superfamilycomparedvith HAmCg®® which hada single
mode,containedwo modes irHAMCq*8with onedistributionpositivelyandthe other
negativelyskewed suggestinghatwhile somegenedn this superfamilywereup-regulatedn

HAMC®8 comparedvith HAMCF?, the othersmaybedownregulated.
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Figure 3.2.Log normal beaiplots for all expressed genes within SCOP superfamilies (SCOP
version 1.75; supfam.cs.bris.ac.uk/SUPERFAMILY/index.html) AmtCo*° and HAMC§E.

The distribution along the Y axis indicates a higher level of gene expression, while the
distribution along the X axis indicates the proportion of genes expressed at the given level of
gene expression along the Y axis. Distributionsosiented along a common central baseline so
that distributions in red (HAMCH) have more genes expressed at a given gene expression level
(log FPKM) if the distribution is further to the left on the X axis, while distributions in blue
(HAMCA®®) are higheif they are further to the right of the X axis. The central vertical baseline
for each superfamily is a mirror point for the two distributions.

3.4.4 Transcriptomeprofile: differential geneexpressionbetweenHAMCq®° and HAmCq ©8
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Looking atthe aboveSCOP generakategoriesgetailedfunction categorieandsuperfamily
categories there is averallsimilarity in the pattern ofjeneexpressioroverthewhole
transcriptomdevel betweerthe lower resistancgarentaimosquitoHAMCd° andtheir
permethrinselectedoffspring HAMC 8. We therefore went on toharacterizéhegene
expressiornevel betweerthetwo mosquitostrainsusing theCuffdiff algorithmandapplying
a>2-fold differentialexpressiorcut off thresholdA total of 3982down and367 up-regulted
geneswere identifiedn HAMC®8 (Table3.2, Appendix 3.33.4) comparedo HAMCA®.
Overall,althoughthereweremorethan10timesthe numberof genedownregulatedhanup-
regulatedthe cumulativegeneexpressiorvalues(FPKM) betweerthedown ard up-regulated
geneq1.43x 10°and1.53x 1P, respectively)veresimilar (Table3.3). Interestinglythe
predominanSCOPgenerafunction categoryfor thedownregulatedyenesvasthe non
annotatedtategory(NONA, 2016genes)which accountedor 50%of the downregulatedyenes
(Table3.2, Fig. 3.3),andrepresented 7% of thetotal cumulativeexpressior{FPKM) of all of
thedownregulatecgenes.

Table 3.2.Numbers of differentialhexpressed genes and their cumulative gene expression level
in HAMCA®® sorted bythe Structural Classificatiorf ®roteins general function category

Down-regulated Up-regulated
SCOP general function #genes FPKM' range and (cumulative #genes FPKM range and
category (cumulative)
Extracellular processes 101 0.1-126.4 (1.29 x 16) 20 1.0-121.8 (5.42x 1)
General 355 0.1-1921 (431 x 1) 39 1.0-1750.5 (5.99 x 19
Information 171 0.1-3449 (3.68x 1) 5 4.3-66.0 (1.05x1)
Intra-cellular processes 359 0.1-255.4 (5.18 x 1) 58 1.7-5763.6 (1.28 x 19
Metabolism 397 0.1-7375 (1.15x 19 91 1.1-47162.3 (1.02 x 1)
NONAS 2016 0.0- 33037.0 (1.10 x 19 125 1.0-5766.3 (2.62 x 19
Other 57 0.6-167.1 (1.26 x 19 5 75-1742.1 3.76 x 1)
Regulation 526 0.0-584.3 (5.56 x 1} 24 1.5-865.9 (1.25x 1)
TOTAL 3982 (1.43 x 16) 367 (1.53 x 16)

‘Down-regulated /Ugregulated genes represent those genes that differed in their expression level (FPKM) in
HAmMCG®® by more than two fold when comparexdthe parental strain HAmMCE

¥ SCOP general function categories annotated using the predigtegliinquefasciatusnnotation (version 1.75)
*Fragments mapped Per Kilo bases of reference sequence for every Million fragments sequenced

SNONA: Not annotated
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Table 3.3.Gene Ontology (GO) term enrichment analysis results for differentially expressed
genes in HAmMCE? \
GO level GO term” Term domain and name # hits p-value’

Down-regulated genes
Molecular function - -
structural molecule activitfGO:0005198) 163  1.08 x 106

structural constituent of cuticle (GO:0042302) 85 3.19 x 108
Up-regulated genes

Biological process (G0O:0008150) 193 4.28 x 101

metabolic process (G0:0008152) 139 1.02 x 167

oxidationreduction process (G0O:0055114) 38 5.39 x 1@

proteolysis (GO:0006508) 55 2.35 x 10'6

Molecular function (GO:0003674) 250 9.80 x 1¢#

Catalytic activity (GO:0003824) 162  2.09 x 10

oxidoreductase activity (GO:0016491) 47 1.05 x 1061

monooxygenase activity (GO:0004497) 29 2.84 x 10

hydrolase activity (GO:0016787) 90 1.29 x 107

peptidase astity (GO:0008233) 54 2.16 x 10“

peptidase activity, acting on-damino acid peptides (GO:007001 52 1.99 x 105

exopeptidase activity (GO:0008238) 10 4.66 x 10

carboxypeptidase activity (GO:0004180) 7 1.03 x 1¢*

endopeptidase activity (GO:0004175) 41 1.47 x 10

metallop@tidase activity (GO:0008237) 20 6.26 x 10

metalloendopeptidase activity (GO:0004222) 11 2.42 x 16

serine hydrolase activity (GO:0017171) 30 4,39 x 10

serinetype peptidase activity (GO:0008236) 30 4,39 x 10

serinetype endopeptidase activity (GO:0004252) 28 1.89 x 1¢°

hydrolase activity, acting on glycodybnds (G0O:0016798) 15 1.23 x 1¢/

hydrolase activity, hydrolyzing @lycosyl compounds (GO:000455 13 1.17 x 168

Electron carrier activity (GO:0009055) 28 6.65 x 1014
Binding activity - -

tetrapyrrole binding (GO:0046906) 32 1.55 x 16~

iron ion binding (GO:0005506) 33 3.19 x 101

heme binding (GO:0020037) 32 1.32 x 10"

AAnnotation from the Gene Ontology consortium éien 1.2084; release date: 12:07:2011)

¥ Cumulative hypergeometricymlues for GO terms of genes that were differentially up

regulated in when tested against all genes with expression levels of FPKM > 1 using the g:SCS
threshold.

" GO Terms that do not kia values for the number of hits owvplues were not statistically

enriched in the functional enrichment analysis, but are included in the table to provide all
parenthood connections.

Thisresultis consistentvith theresults fothe SCOPgeneralkategoies,wherea decreasén the
total geneexpressiomwasfoundin the NONA categoryfor HAMCq®® comparedo HAMCA®?. In
contrastonly 17%of thecumulativeexpressiorof the up-regulatedyenes irHAMCo8 wasin

the NONA categoryNeverthelesghe highestcumulativegeneexpressiorof up-regulatedyenes
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wasin themetabolisngenerafunction category(Table 3.2, Fig 3.3), which accountedor 67%
(FPKM) of all of theup-regulatedgeneexpressionwhile the cumulativeexpressiorof this
categoryaccountedfor only 8% of thetotal cumulativeexpressiorof thedown-regulatedgenes.
Takentogethertheseresultsnot only revealequallydynamicchangesn abundancéor boththe
increasesinddecreasen the totalgeneexpressioror different categories Cx.
guinquefasciatusollowing permethrinselectionput alsoindicateanimportantfeatureof
metabolicgeneup-regulationin responséo insecticideresistancandpermethrinselectionthat
is consistentvith the datafrom theSCOPgeneralcategory analysis, ere theotal expression

in the metabolisngenerakategorywas found to be highén HAmCq®® than inHAMCC.
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Figure 3.3.Combined gene expression levels for all apd dowrregulated genes within a
general function category in HAmE&compared to thse expressed in HAmEY

3.4.5. Functionalenrichment analysisof GO terms for differentially expressedyenes
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To interpretthe geneexpressiorataandgainmoreinsightinto the biologicalmechanisms
driving theup- anddownregulatedyenesGene Ontadgy (GO) term enrichment dunctional
enrichmentnalysig(Castillo-Davis and Hartl, 2002; Reimand et al., 2007; Reimand et al., 2011)
was performedo identify significantly enriched GO terms among theamd down regulated
genes in HAMCE. GO terms a& groupsof genessharingcommonbiologicalfunction,
regulation,or interaction(http://biit.cs.ut.ee/gprofiler/gconvert.cghf.statisticalanalysisreveals
which GO terms areverrepresented and have hence bi@nriched or aremoreprevalent,
within the down or up-regulatedgenesn HAmC®8. Eachgenecanhavemultiple GO terms
and thesarepartof a carefully-controlledvocabularythatallowsfor genesof various
annotationgo begroupedaccording to common attributes such as tbellularcompments,
biological processexr molecularfunctions(Ashburner et al., 2009pverall,thefunctional
enrichmentnalysisshowedhatamongthe down-regulatedyenesetin HAMCq 8, theterms
GO0:000581(structuralmoleculeactivity) andGO:004230Z structurd constituenof cuticle)
weretheonly statisticallyoverrepresenteO terms(P=1.08x 10 and3.19x 108
respectively)lTable3.3). Forthe 3982downregulatedgenesn HAMCc 8, therewere85 hits for
G0:000581and163hits for GO:0042302indicaing that85 of the 3982down-regulatedyenes
hadthe structuralmoleculeactivity function and 163 the structural constituehtuticle GO
terms.Sincethese wer¢he only enrichedmolecularfunction GO termsamongthe down
regulatedgeneset,thereare Ikely to bechange®f gene expression the structuralcomponent
of thecuticlein the HAMCA®® mosquitoesomparedo the parentaHAMCoC strain.
Thefunctionalenrichmentnalysisof the 367 up-regulatedgenesn HAMC®8 identified
25 statisticallyeniched GO terms(Table3.3), four of which werein the categoriediological

procesgG0:0008150)metabolicprocesgG0O:0008152) proteolysis(GO:0006508)and
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oxidationreductionprocesgfG0:0055114)Amongthesefour enrichedGO terms,biological
procesgG0:0008150mndmetabolicproces§GO;0008152)werethe predominanGO terms,
with 193and139 hitsrespectively,suggestinghatthe majorup-regulatedyenesvere involved
in biologicalandmetabolicprocessesl heremaining21 statisticallyenrichedGO termswerein
themolecularfunctioncategory(Table3.3) and theGO termsfor catalyticactivity
(G0:0003824)hydrolaseactivity (GO:0016787)peptidasectivity (GO:0008233)peptidase
activity actingon L-aminoacid peptide§ GO:0070011)andoxidoreductasectivity
(G0O:0016491werethe predominanGO terms,with hits thatrangedirom 162to 47. Comparing
the statisticallyenrichedGO termsbetweerthe up- anddownregulatedgenesthesetwo setsof
geneshadobviousdifferences in theifunctions:the downregulatedyenesprimarily represented
structuralor cuticularstructuralactivity functions,while theup-regulatedyeneswvere

predominantly related tcatalytic,metabolic,andproteolyticactivity.

3.4.6. Themolecular functional parenthood relationshipsof the GO terms amongup-
regulated genesand their interconnection

Therelationshipsamongthe GO termsin themolecularfunction categoryvere investigateth
theup-regulatedgenesin HAMCq® by determining whethaheir connectiorwasa partof the
sameprocesor whether garenthoogrocess was involve@®shburner et al., 2009pverall,3
functionalsetsof GO termswerefound to besignificantlyoverrepresentedmongthe GO terms
for molecularfunction (Fig. 3.4, Table3.3), namelyelectron carrieractivity, binding,and
catalyticactivity. Theelectron carrier activitgetwasmainly associateavith GO termsin

cytochrome&P?450geneqAppendix 3.5).
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Figure 3.4.ParertChild association for functionally enriched Gene Ontology (GO) ternmgm
genes that were uggulated in HAMCE. GO terms associated with the-rggulated genes in
HAMC8 were considered statistically at <0.001 using the g:SCS threshold in g:Cocoa
(http://biit.cs.ut.ee/gprofiler/gcocoa.cgi). Colored boxes representisttisfunctionally

enriched GO terms, while the nonsignificargiyriched GO term is marked in white and

provided to display all of the pareahild relationships in the network. Lines and/or arrows
represent connections between or among different Gste3olid lines represent relationships
between two enriched GO terms. Dashed lines represent relationships between enriched and
unenriched terms to connect all of the nodes on the directed acyclic graph

Thecategoryfor binding hadthreechild branchnodes,all of which wererelatedto metal
binding:tetrapyrrolebinding,iron binding,andhemebinding (Fig. 3.4). Thesechild branch
nodeswereagainassociatedavith the GO termsthatweremainly overrepresenteamong

cytochrome&”450geneqAppendix 3.5). Thenextmajorcategorywascatalyticactivity, which

hadtwo mainchild branchnodes:oxidoreductasectivity with anadditionalbranchnodefor
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monooxygenasactivity, both of whichhadtheir GO termspresenin thegenesannotatedis
cytochromeP4505Appendix 3.5); anthydrolaseactivity, which containedhreeadditional
branchnodes Of these additional hydrolase branch nodes, the firsfovds/drolaseactivity of
glycosylbondswith anadditionalsubbranchnode forhydrolyzingO-glycosylcompoundsThis
wassignificantlyoverrepresentedmongthe enzymescorresponding to thieinction of
hydrolyzingglycosylcompoundsuchasalphaL-fucosidasesalphaamylasesandalpha
glucosidaseslheothertwo additionalhydrolasebranchnodeswerepeptidase/mteinase
activity, which had aradditionalsix subbbranchnodesrelatingto differentpeptidase/proteinase
activities,andserinehydrolaseactivity, which hadtwo additionalsulxbranchnodesfor serine
type peptidasectivity andserinetype endopeptidasactivity (Fig. 3.4). The
peptidase/proteinasedserinehydrolaseactivity nodesinterconnectedhroughthe GO term
nodesof endopeptidasactivity andpeptidasectivity actingon L-aminoacid peptides,
suggestinghatthe GO termsassociateavith protanaseactivity amongthe differentially up-
regulatedgenesetin HAMC® wereinterconnectedTherefore jnvestigatingthe relationships
amongtheseenrichedGO termcategories of upegulated genagvealedhatfunctional
categoriesveremainly overrepreentecamongP450s anghrotease'serineproteases.

Indeed, the wpegulation of gene expression in these tategories wakirther
confirmed by validation study of gene expression ugiR@tPCR. Overall, thegRT-PCR
validation dita was consistent withégtRNA-Seq data, showing a general trend of differential
expression of genes betwadAmCq®® andHAMCC. A total of 14 upregulated P450 genes
and24pr ot ease rel ated -fpldmnighe expressian HAMCsAcompared O 2

with HAMCo®in the RNA-Seq datayvere selected for the study (Table 3.4).
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Table 3.4 qRT-PCR validation of selected upgulated genes in HAmE#8as identified by the
RNASeq quantification.

Fold overexpression in

HAmMCq 84
Gene category Vectorbase Annotation$ RNASeq gRT-PCR

Cytochrome P450 CP1J002538 CYP6AG12 3.7 2,174
CP1J005959 CYPG6AAT 7.3 2.1
CPI1J005957 CYP6AAY 6.6 2.8
CP1J010546 CYP9J34 13.4 2.9
CP1J009478 CYP4D42v¥ 2.4 3.2
CPI1J005956 CYP6BZ2 3.3 3.7
CP1J010537 CYP9J45% 4.8 3.8
CP1J012470 CYP9ALY 9.2 3.8
CP1J014218 CYP9M10 3.7 4.2
CP1J010225 CPY12F7 3.9 5.2
CP1J010227 CYP12F13 7.1 5.2
CP1J010543 CYP9J40 7.2 6.0
CP1J005955 CYP6P14 8.2 6.3
CP1J020229 CYP4D42v2 2.4 7.0

Protease CPI1J002139 HzC4 chymotrypsinogen 4.3 1.1+011
CPI002130 kallikrein-7 24 1.5+0.50
CP1J013319 metalloproteinase 3.5 1.5+0.10
CPI1J009106 angiotensirconverting enzyme 2.7 1.5+0.84
CP1J001240 cathepsin Hike thiol protease 5.3 1.6 +0.46
CP1J019428 trypsin 2 3.4 1.6 £0.04
CP1J004086 angiotensirconverting enzyme 5.7 1.7+£0.62
CP1J008873 prolylcarboxypeptidase 3.5 1.7+£1.09
CPI1J002135 trypsin alpha4 5.9 1.8+0.84
CPI1J016012 tryptase2 2.2 1.8+0.10
CPI1J002142 chymotrypsin Bl 2.8 201042
CP1J006803 zinc metalloprteinase nag 4.5 20+£0.21
CPI1J007383 endothelinconverting enzyme 1 25 21+1.08
CP1J010224 metalloproteinase 2.9 24+0.74
CP1J014523 elastase3A 3.0 24+£0.71
CP1J019029 metalloproteinase 2.6 3.6+£0.70
CP1J002128 mast cell proteas2 16.1 3.6+0.04
CPI1J006542 chymotrypsin2 19.7 54+1.84
CPI1J010805 carboxypeptidase Al 4.4 6.9+3.72
CPI1J006076 hypoderminB 17.0 11.6 +4.96
CP1J001743 carboxypeptidase A2 5.4 16.3+5.48
CP1J003623 coagulation factor XlI 7.1 54.2 £19.79
CP1J001742 zinc carboxypeptidase 3.0 99.5+19.35
CP1J009594 nephrosin 21.7 144.3 +13.8

SCulex quinquefasciatugenome, Johannesburg strain CpipJ1.2, June 2008;
http://cquinquefasciatus.vectorbase.org/

AExpressed as fold change in gene exgioesin HAMC® compared to HAMCE

YAnnotations for cytochrome P450 genes were taken from the most current annotation based on:
Nelson (2009) The Cytochrome P450 Homepage. Human Genomic$8; 59
http://drnelson.uthsc.edu/CytochromeP450.html

A Pata repmted from Yang and Liu, 2011

All 14 cytochrome P450s were upgulated by at leastf?ld in the HAMC?® strain compared
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with HAMC?, which was consistent with the data generated using the RNAseq. Among the 23
up-regulated proteinase genes that have mEmtified by RNAseq, 14 of them (60%) were up
regulated by at leastf?ld in the HAMC?® strain and nine were uggulated with a range of

1.5 to 1.8fold compared with HAmCE (Table 3.4). However, one of the proteinase genes had
an expression levefd.1-fold in HAMCd® compared with HAmC®f, which was significantly

different from the RNAseq data.

3.5 Discussion

Based on the findings of our previous research, which has inchydedgismstudieson the
inhibition of metabolicenzymegXu et al., 2068), studieson thetargetsiteinsensitivityof
sodiumchannelsn permethrirresistancg€Xu et al., 2006), geneexpressiorprofiles of
resistancdrom aresistarisusceptiblenosquitosubtractivdibrary (Liu et al., 2007)research
into thegeneticinheritanceof permethrinresistancéLi and Liu, 2010) and,mostrecently,
studies of thgeneexpressiorandcharacterizatioof P450genescoveringthe entiregenome
sequencef resistanmosquitoegYang and Liu, 2011; Liu et al., 2011) seems cleathata
multiple mechanism/genmteractionphenomenois responsibldor the developmenof
permethrinresistancén CulexmosquitoesWe consider it very likelythatnormalbiologicaland
physiologicalpathwaysandgeneexpressiorsignaturesrealteredin theresistanmosquitoes
throughchangesn multiple geneexpressionn theresistanmosquitoegollowing insecticide
selectionthatallow themto adaptto environmentabr insecticidestressWhile a greatdeal of
effort has been devoted ientifying and characterizinghe mechanismandgenesnvolvedin
insecticideresistanceand significant progress has been made previousapproacheso

characterizingheindividual genesassociatedvith insecticideresistancénavenot yet resultedn
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aglobalunderstandingf the complexprocessesesponsibldor resistanceTherecentgenome
sequencingf Cx. quinquefasciatugArensburger et al., 201@gasmadedirectcomparison®f
geneexpressiorat thewhole genomdevel betweersamplegossible Thewholetranscriptome
analysisof the mosquitoCulexquinquefasciatuollowing permethrinselectionusinglllumina
RNA Segreported herdasallowedus tocomparethe cumulativegeneexpressiorin HAmCq°
andHAMC®® mosquitoes in the SCQfenerafunctioncategoies andsuperfamiliesenabling
usto evaluatemajorchanges in thgeneexpressiomwithin eachof the categoriesn the
mosquitoegollowing permethrinselectionusingtheir median expression valuda.general,
similar levelsof total cumulativegeneexpressiorwere identified in thédAmCq®° and
HAMC®® mosquitoesn eachof the generafunction categoriessuggestinghatthe permethrin
selectionrmaynot changehe majority of the geneexpressioroccurringin the mosquitogenome,
butthat thechangesha are foundn only aselectnumberof genesshouldbe correlatedo the
permethrinselectionprocess undergone b{AMCE.

Resultsfrom our previousstudieg(Liu et al., 2004, Xu et al., 2005; Liu and Yue, 2001,
Xu et al., 2006, Liu et al., 2007andfrom manyothers(David et al., 2005; Strode et al., 2006;
Strode et al, 2008, Muller et al., 2008; Marcombe et al., 2009; Vontas et al. s2Q08sthat
theinteractionof multiple insecticideresistancenechanismer genesnayberesponsibldor
insectcideresistanceWhile it is unclearwhetherandhow theseup-regulatedgenesare
associateavith insecticideresistancethe findings reported in these papsuggesthat
insecticideresistanceén mosquitoesnvolvesbothmultiple geneup-regulationandmultiple
complexinteractionmechanismslakentogetherthe abovefindings suggesthatnotonly is
insecticideresistanceonferredvia multi-resistancenechanismser up-regulatedyeneshputit is

mediatedhroughtheinteractionof resistancgenesThecurrentstudyidentifiedatotal of 367
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and3982genes that wenep- anddown-regulatedrespectivelyjn permethrinselectedffspring
HAMCq®® comparedvith the parentaHAMCq® strain. Theseresultsprovide further evidence

to confirm our hypothesigha multiple geneexpressionn resistanimosquitoeshanges

following insecticideselection, thusllowing themto adaptto environmentabr insecticide
stressFurther, when we validated oRNAseq data usingRjI-PCR, we wer@ble to confirm

that all of tke cytochrome P450 genes identified as upregulated along with 60% of the proteases
were indeed upregulatedrevious work using human colorectal cell lines showed that among
192 human exons , 88% of those identified as overexpressed using RNASeq colilthberva

as having either higher or lower expression usiRitBCR, although the fold expression
betweenhe two strains was variable (Griffith et al., 201Dhis suggested that the RNAseq
methodology was suitable for the identification of genes putatimebtved in insecticide

resistance based on gene expression level, although some genes of interest may be overlooked
due to differences in gene sequence, or genes involved in cell signaling that do not need to be
more than tweold expressed in order telof importance to insecticide resistance.

To interpretthe geneexpressiordataandgainfreshinsightsinto the biological
mechanismsffected bythe up- anddown-regulatedyenes/proteinsye characterizethe GO
termenrichmentpr functionalenrichmentby identifying the significantlyenrichedGO terms
amongtheup- anddown-regulatedgenes in the low resistance parental strain and the high
resistance eighth generation offspriAg described earliethree categories @O terms are
used tadescribegeneproductsiological processegnolecularfunctions,andcellular
componentgAshburner et al., 20097 his approach facilitates efforts tmderstandhe
functionalrelevanceof genesallowing genesor family memberghatsharefunctionaland

structual propertiego be studiedasa whole.Our comparisorof theenrichedGO termsin the
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up- anddownregulatedgenesn HAMCA 8 revealedhatthe two enrichedGO termsfor the
downregulatedyenesepresented primarilgtructuralor cuticularstructuralfunctions and0%
of all thedownregulatedyenesrepresenting 7% of thetotal cumulativeexpressiorof those
geneswerenonannotatedin contrastthe enrichedGO termsfor theup-regulatedyenes
representedhainly the catalytic,metabolic.andproteolytic functions,andonly 17%of the
cumulativeexpressiorof theup-regulatecgenesvasin the NONA categoryNeverthelessrom
anoverallcumulativegeneexpressiompoint of view, we sawsimilar expressiorevelsbetween
theup- anddown-regulatedyenesn permethrinselectedHAmCqC8. Takentogethertheseresults
notonly revealedifferentpatterns in thenrichedGO terms/functiondor both theup- and
downregulatedyenesput alsoequallythe dynamicchangesn theabundancef boththetotal
increasd andthe totaldecreasedeneexpressionn Culexmosquitoegollowing permethrin
selectionsuggestinga homeostaticesponsef mosquitoedo insecticideghrougha balancingof
up- anddown-regulationof genegMorgan 1997; 2001)

A numberof mechanisma havebeenproposedor the balancingof up- anddown
regulation,ncluding: 1) anadaptivehomeostaticesponsehat protectsthe cell from the
deleteriouseffectsof oxidizing speciesnitric oxide,or arachidonicacid metabolitesrom
catalytic and/ometabolicenzymegMorgan 2001; White and Coon, 198@);a homeostatior
pathologicakesponséo inflammatoryprocessegMorgan, 1997)and/or3) aneedfor thetissue
to utilize its transcriptionaimachineryandenergyfor the synthesis obthercomporentsinvolved
in theinflammatoryrespons€Morgan, 1989)Thesehypothesesll offer reasonable
explanationgor our observatiorof bothup- anddownregulationof multiple genesn the
resistanmosquitoedollowing permethrinselection For example down-regulationof geneswith

structuralor cuticularstructuralfunctionscould belinked to the homeostaticesponséhat
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mosquitoesitilize to protectthe cell from thetoxic effectsof oxidizing specieslerivedfrom the
extrametabolicproteolytic and/orcatalyticenzymesandmetaboliteghatresultfrom the up-
regulatednetabolicenzymesThis homeostaticesponsenight alsobalancehe usageof energy,
O, andthe othercomponentsieededor the synthesesf the up-regulatedgeneproductsandthe
catalytic or metabolicprocesse&nown toplay importantrolesin mosquitoresistance.
Thefunctionalrelationshipsamongthe enrichedGO termsof up-regulatedyenes/proteins
allowedusto identify the key componentsnvolvedin insecticideresistancandgainan insight
into themolecularmechanism#n resistanmosquitoess awhole. Threemolecularfunction
categorieshamelyelectroncarrieractivity, binding,andcatalyticactivity, weresignificantly
overrepresentedmongthe GO termsfor the up-regulatedgenesInvestigatingtherelationships
amongtheseenrichedGO termcategoriesevealedhatfunctionalcategoriesveremainly
overrepresentedmongP450s angbroteaseserineproteasesAmongthesetwo keycomponents,
theimportanceof P450shasbeenextersively studied and ihasbeendemonstratethatbasal
andup-regulationof P450geneexpressiorcansignificantly affectthe dispositionof xenobiotics
or endogenousompoundsn thetissuesof organismsthusalteringtheir pharmacological and/or
toxicological effects(Pavek and Dvorak, 2008n manycasesincreasedP450Gmediated
detoxificationhasbeenfoundto be associateavith enhanceanetabolicdetoxificationof
insecticidesasevidencedy theincreasedevelsof P450proteinsandP450activity thatresult
from constitutiveoverexpressionf P450genedn insecticideresistaninsects(Carino et al.,
1992; Liu and Scott, 1997; Liu and Scott, 1998; Zhu et al., 2008a; Zhu et al., 2008b; Zhu and
Liu, 2008; Zhu et al., 2010; Hardstone et al., 201@geFasen et al., 2011; Liu et al., 201h)
addition,multiple P450geneshavebeenidentified asbeingup-regulatedn severaindividual

resistanbrganismsincluding houseflies andmosquitoegZhu et al., 2008a; Zhu and Liu, 2008;
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Marcombe et al., ZID; Itokawa et al., 2010; Yang and Liu, 2011; Liu et al., 20hlis
increasingheoverallexpressionevelsof P450genesOur recentstudieson thecharacterization
of P450stheir expressiormprofiles,andtheirimportant rolen theresponséo insecicide
treatmenfound thatmultiple P450genesvereup-regulatedn resistanandpermethrinselected
CxquinquefasciatugYang and Liu, 2011, Liu et al., 201Thesefindingstogetherstrongly
suggesthatoverexpressionf multiple P450geness likely to beakey factorgoverningthe
increasedevelsof detoxificationof insecticidesandinsecticideresistance.

In contrasto thewell-knownrole of P450sn insecticideresistanceapart from a few
examples, less is known about the functdproteaseskrineprotease resistanceProteases
are a potent class of enzymes that catalyze the hydrolysis of peptide bonds and are known to be
involved in a wide range of physiological functions, including the digestion of dietary protein,
blood coagulation, imune response, hormone activation, and develop({eain et al., 2000)
In addition totheir digestive catalytic,proteinasectivities,proteases/seringroteases are
involvedin theregulationof signalingtransductionBurysek et al., 2002; Trejo, 200Bamsay et
al., 2008; Marrs et al., 201andcellular protein trafficking in eukaryotic cel{fsemberg, 2011)
Indeed, the wpegulation ofprotease gendsave been identified im DDT resistanfAn. gambiae
(Vontas et al., 2005¥enitrothionresistantiouseflies, Muscadomesticg Ahmed et al., 1998;
Wilkins et al., 1999)as well as DDT resistaili. melanogaste(Pedra et al., 2004k has been
suggested thdhe upregulation of proteasesay enablensectsto rapidly degradeproteinsfor
theirre-synthesisinto detoxificationenzymes as has been postulatedModomesticavhen
challengedvith theinsecticidefenitrothion(Wilkins et al., 1999)In addition,two serine
protease genes fro@x. pipiens pallenbave been found to be wpgulated in a deamethrin

resistant strain (Wu et al., 200@hesereportstogethemith thefindings reported hersuggest
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theimportanceof theup-regulationof protease# insecticideresistanceWhetherthe up-
regulatedproteasesdentifiedin theresistantnosqutoesplay arole in the degradatiorof
proteinsfor biosynthesi®of the up-regulatednetabolic proteingarticularlyP450sandthe other
proteinsinvolvedin theregulation of insecticide resistance, or whether there is some form of
interaction with theup-regulated genes associated with signaling transduction and protein
trafficking needdurtherinvestigation.

In conclusionthis studynot only providesa catalogof genegshatwereco-up- anddown
regulatedandinformationabouttheir potentialfunctions, but mayalsoultimatelyleadto a
deepenunderstandingf transcriptionategulationandtheinterconnectiorof co-regulatedgenes,
includingmetabolicgenesgeneswith catalyticactivities,geneswith proteolyticactivities,and
geneswith, perhapsfunctions involved irtheregulation signalingtransductionandprotection
of cellsandtissuedn resistantmosquitoeslt hasbeensuggestedhatco-overexpressegenesare
frequentlyco-regulatedBlalock et al., 2004; Clarke and Zhu, 200B)erefore characterizing
theseco-regulatedyenesasawholewill represent goodstartingpointfor characterizinghe
transcriptionategulatorynetworkandpathwaysn insecticideresistanceimproving our
understandingf the dynamic,interconnectetietworkof genesandtheir products that are
responsible foprocessingnvironmentainput, for example the responseitsecticidepressure,
andtheregulation ofthe phenotypicoutput,in this case, the insecticidesistanc®f insects
(Clarke and Zhu, 20067 he newinformationpresented hemill providefundamentahew
insightsinto preciselyhow insecticideresistances regulatedandhow the genesnvolvedare

interconnecte@ndregulatedn resistance.
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4.1 Abstract
Insecticide resistance is a major obstacle to the management of disetsang
mosquitoes worldwide. The genetic changes and detoxification genes invoineddticide
resistance have been extensively studied in populations of insectsidtant, however few
studies have focused on the resistance genesguypated upon insecticide exposure and the
possible regulation pathways involved in insecticidéestasce.To characterize the changes in
gene expression during insecticide exposure, and to investigate the possible connection of known
regulation pathways with insecticide resistgmeeconductedRNA-Seqganalysisof a highly
permethrin resistant straaf Culexquinquefasciatugollowing permethrinexposureGene
expressiorprofiles revealed a total of 224 and 146 apd downregulated, when compared to a

blank acetone carrier treated control, respectively, suggesting that there were multiple, but
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specfic genes were involved in permethrin resistance. Functional enrichment analysis showed
that the upregulated genes contained multiple detoxification genes including a glutathione S
transferase and multiple cytochrome P450 genes, as well as several inehatee: genes, while

the downregulated genes consisted primarily of proteases and carbohydrate metabolism and
transport. Further analysis showed that permethrin exposure resulted in a decrease in the
expression of serum storage proteins and likely reptedea resulted in a delay in the
development of the fourth instar possibly due to a decrease in feeding. This effect was more
pronounced in an insecticitesistant strain than in an insecticglesceptible straiand may

represent a behavioral mechanishinsecticide resistance @ulexmosquitoes.

4.2 Introduction

Mosquitoescarry and transmparasiteandpathogens, impacting human and animal
health and resulting in economic losses (WHO, 19588gcticidesnotably pyrethroids such as
permethrin, a& routinely applied to manage mosquito populations in order to mitigate the
negative impact of mosquitad®wever.thedevelopmenof insecticide resistancespeciallyto
pyrethroids hasbecomea globalproblem(Phillips, 2001; Liu et al, 2004; Hemingwat al.,
2002; Xu et al, 2005; Liu 2008; Liu et al., 200B)secticide esistancés presumed tbeapre-
adaptivephenomenon, indicating theétte genes involved in insecticide resistance and the
pathways that control their regulation are already preginin the insect (Sawicki and
Denholm, 1984; Brattsten et al., 198) addition, some studies propose that resistance can also
be induced by insecticide exposureiitas et al., 2010; Gong et,&1013), indicating that there
are underlying pathways thin the insect that respond to an insecticide challenge, and that these

pathways may be involved in insecticide resistance.
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The mosquitdCulex quinquefasciatusay is a primary vector of West Nile viri#t,
Louis encephalitis virugastern Equine Enchbalitis virus, Japanese Encephalitisus, and
lymphatic filariasis (Nasci and Miller, 1996; Arensberger et al., 2010). This mosquito species has
a global distributiongspecially throughout tropical and temperate climates of the \(Foltsea
et al., 204; Cupp et al., 2011). In Alaban@x. quinquefasciatus the predominant mosquito
species in urban areas, and insecticide resistance has been documented for this mosquito in the
field (Liu et al., 2005). One strain @ix. quinquefasciatysollected fran Alabama, has been
pressured with permethrin for eight generations in the laboratory to produce the KAmCq
strain, which is a highly permethrnesistant strain that allows for the identification of genes
putatively involved in insecticide resistance d®n gene expression profiles (Xu et al., 2006
Li et al., 2009, Li and Liu, 2010, Yang and Liu, 2011, Reid et al., 2012, Gong et al., 2013). The
objective of our study was to characterize the expression levels of genes induced upon exposure
to permethm when compared to an acetone blank carrier and identify the possible activation of

gene pathways i@x. quiquefasciatus

4.3 Materials and Methods
4.3.1 Mosquito strains

CulexquinquefasciatustrainHAMC®8 is a highly-insecticideresistanstrainthatwas
originally collected from Huntsville, Alabama in 2002 (Liu et al., 2004) and subsequently
pressured in the laboratory with permethrin for eight successive generations to agh
fold level of resistanceo permethrincomparedvith thelaboratoy susceptibles-Lab strain(Li

and Liu, 2010)All mosquitoesvererearedat 25+2°C undera photoperiodf 12:12(L:D) h.
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4.3.2 Permethrin exposure treatments

A total of 400 fourth instar larvae were collected and transferred. tof 3vater in plastic
containers measuring 20.5 x 35 xdrh for each treatment. The mosquito rearing was conducted
so that the two mosquito populations entered into the fourth instar stage at the same time. This
was achieved through the controlling of the egg raft collectiamheatrhing, and subsequent
larval development and sample collection under identical rearing conditions. Four treatments
were conducted: untreated time Oh, acetone treated 24hustation, and permethrin mixed
in an acetone carrier at the 4gand theL.Czo rate (24h posapplication). The treatments were
considered to be representative of thed&hd LGo rates if the percentage of dead larvae after
the 24h permethrin exposure was 50+5% and 70+5%, respectively. The final volume of acetone
was adjustedb 600l per 3L for the acetone and permethrin treatments. No acetone was added
to the untreated time Oh sample and no mortality was observed for either the Oh untreated
treatment, or the 24 acetone exposure treatment. A single container was ust facetone 24
h treatment, while two pans each were used for the && LG treatments in order to obtain

enough surviving larvae for RNA extraction.

4.3.3. RNAextraction

A total of 200surviving fourthinstarlarvae ofeachtreatmeniwerepooled,flashfrozen
ondryice andimmediatelyprocessedor RNA extraction.Total RNA wasextractedusingthe
hot acid phenolextractionmethodasoutlinedby ChomczynskandSacchi(1987), after which a
total of 30 pg of RNA wastreatedwith DNasel usingthe DNA-Freekit from Ambion (Austin,
TX) to removeanycontaminanDNA. Total RNA wasre-extractedwith two successivacid

phenol:chloroform(1:1) stepsfollowed by afinal chloroformextractionto removeanyresidual
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phenol.TheRNA wasthenprecipitatedver ethanolandre-suspendeth steriledistilled water.
After alpgaliquotof RNA had beewisuallyinspectedor quality andfor DNA contamination
onal%agaroseayel, totalRNA wassentfor RNA-Seqanalysis(HudsonAlpha Institute of

Biotechnology{HAIB] ).

4.3.4. RNAlibrary preparation, RNA SeqsequencingData analysis,and geneexpression
processing

RNA quality wasassessedsinga Qubit fluorimeterand armgilent 2100Bioanalyzetby
the HAIB. Librarieswerethenpreparedisingthe lllumina mRNA-Seqgkit usinga 3' poly A tail
selectionrmethod.Samplesverebarcodedandrun asoneof four samplesnasinglelaneof an
lllumina Hi Seq2000chip. Sampledor themRNA Seqwererun usingthe PE-50 module
(HAIB), which results in paired end reads that axehe50 nucleotides long, spanning a 800
stretch of the mMRNA sequence. Basdling, initial removalof low quality readsandbarcode
parsingwereconductedy the staff atHAIB. Dataweresortedby coordinateusingPicardtools
(http://picard.sourceforgynet)andcheckedor matepair matching.Pairedendreadswverethen
trimmed for adapter and low quality reads were removed using Trimmomatic (Lohse et al.,
2012). Surviving reads were therappedo the Cx quinquefasciatugenomeJHBv1.3from
Vectorbas€Arensberger et al., 2010; Megy et al., 20a&nhgTophat2(Trapnell et al., 2009;
Kim et al., 2011)with matepair intervalof 200basesandthegtf basefeaturesile. The--no-
novekjuncs flag was used in the alignment to suppress the discovery ofspiigeeforms in
order to estimate gene expression levels based on the Vectorbase annotation of tRegdnes.
countsweredeterminedising Cufflinks, andthetestingof differentialexpressiorwasestimated

usingCuffdiff (Roberts et al., 2011) for eacht2 exposure treatment compared to the untreated
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Oh treatmentBoth Cufflinks andCuffdiff wereusedbecaus¢hese programgrovideamore
accurateestimation othe geneexpressiorvalueby adjustingfor transcriptfragmentbiaseghat
occur at the ends diie transcripts and fragments durihglibrary generatiorprotocol(Kasper
et al., 2010)Genes identified as upr downregulated when compared to the Oh untreated
sample were then subjected to Venn diagram analysis to generate a list of gene®thptave
downregulated in the permethrin treatments, but not in the acetone treatminge®eswith
expressiorvaluesQL, asmeasuredn numberof fragmentsmappedor everythousandasesof
genelengthfor everymillion fragmentssequencedPKM), wereretainedfor expression

comparisongGan et al., 2010)

4.3.5. Annotation,genegrouping, and functional geneenrichment analysis
Thegenesvereannotatedising the Vectorbase CpipJv1.3 annotation (Megy et al., 2012)
and further annotated using the Structural Classification of Pro@@R)generalanddetailed
functionsfor Cx. quinquefasciatuavailableat the Superfanily website(versionl.75)
supfam.cs.bris.ac.uk/'SUPERFAMILY/index.ht@@ough et al., 2001)unctional gene
enrichment of GO terms was conducted usiregpnlinetool g:Profiler
biit.cs.ut.ee/gprofiler/welcome.c{Reimand et al., 2007; 201ahd gene idntification number
discrepancies between CpipJvl.2 and CpipJ1.3 were resolved using the 'Gene annotation
changes CpipJ1.2 to CpipJ1.3' file from Vectorbase (Megy et al., 2ZX&y.Cocoatool was
usedto testfor GO termenrichmenbn genes that were upr downregulated in the permethrin
treatmentsisinga gSCSthresholdfor the significancethresholdanda staticbackground
containingonly geneswith expressiorvaluesof OL. This analysistook all of the GO terms

associateavith the differentially down or upregulatedjenesetsanddeterminedf agivenGO
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termwasstatisticallyoverrepresentedsinga hypergeometridistribution to quantify the
sampling probability thad given GO term is statistically more abundant in theouplownr
regulated gene sethencomparedo the abundance of that safB© termamongtheentire

expressegeneset.

4.3.6. Selected gene expression validation usinBT+PCR

Acetone and permethriihCso) exposures were independently replicated in triplicate
following the methodology for insecticide exposure previously described above. The RNA from
three independent samples of 100 fourth instar larvae from bothlétea®d the HAMCe
strains wa®btained using the extraction method of ChomczyaskiSacchi (1987)andtreated
with DNasel usingthe DNA-Freekit from Ambion (Austin, TX) to removeanycontaminant
DNA. The DNase | was inactivated using the inactivation buffer from Ambion and cDNA wa
generated from the template RNA using the First strand cDNA synthesis kit from Roche
(Indianapolis, IN). gRIPCR was conducted on an ABI 7500 Real Time PCR system (Applied
Biosystems) using the ABI SyBr Green mastermix kit (Life Technologies, Carlsba&nd
relative gene expression was determined by using‘t®&2method (Livak and Schmittgen,
2001) using a portion of the 18S rRNA gene as the reference gene and subtracting the acetone
treatment from the L& permethrin treatment.t&istical signiicance between thel8b and
HAMC8 strain was tested using a Welch'&$t in R (R Core Team, 201Bhe primers used

are provided in Appendix 4.1.

4.4 Results
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4.4.1. Gene Abundance

Thenumberof pairedendreadsthatpassedllumina quality filtering ranged from 25,723,783 to
30,431,848, which provided a similar depth of coverage for each of the four treatments tested
(Table4.1), which allowed us to compare the gene expression levels for all four samples tested.
The adapter trimming and leguality renoval step removed an additional ~2 million paired end
reads from each of the treatments resulting in a final set of reads that ranged from 24 to 28.5

million reads (Table 4.1).

Tophat2 and Cufflinks were then usedrap the reads tilve Cx. quinquefasiatusgenome

(version: CpipJ1.3) from Vectorbaseww.vectorbase.oigand to estimate gene abundance

which identifieda total of 11,595 genes that had an FPK.0. This was consistent with our
previous study where 12,48kpressed genes were identified in the fourth instar stage of
HAMCG8, (Reid et al., 2012)All sequence traces and expression values have been submitted to
the Gene Expression Omnibus at NORference accession GSE51399
http://www.ncbi.nim.nih.gov/geo/query/acc.cgi?acc=GSE51399

Following the determination of gene abundance, the genes were tested for differential gene
expression using Cuffdiff by comparing the untreated 0 h time point wethafahe 24 hour

exposure treatments: acetone, permethrigpl&hd permethrin Lés.

4.4.2. Upregulated Genes
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The differential gene expression testing identified a total of 33&gylated genes, which
included 107, 214, and 216 genes in the acefmreethrin LGp, and permethrin L&

treatments, respectively (Fig. 4.1; Table 4.2).

Acetone LCs Acetone LCso
24 11 80 44 10 26
46 64
26 77 7 99
67 21
LC 70 LC 70
UP-REGULATED DOWN-REGULATED

Figure 4.1.Venn diagram analysis of the total numbers of differenti@dgressed upnd
downregulated genes in the fourth instar of the permethrin resistant H&hs@gin of Cx.
qguinquefasciatus following a 24h exposure to either an acetone control, or two rates of
permethrin (LGo and LGo). Overlapping circles represent genes that wenaepeor co-down
regulated in two or more groups.

Among the genes upegulatedn the permethrin treatments, the majority were present within the
SCORP functional categories of 'no annotation’, 'metabolism’-Gethalar processes’, and
‘general’ (Table 4.3).

Forty-six of the genes were trpgulated in the acetone and both pehmettreatments, with an
additional 11 and 26 genes shared between the acetone and the permethand.@cetone and
the permethrin L& treatments, respectively. The remainingragulated genes were present
only in the permethrin treated samples amduded 80 genes wegulated in the permethrin

LCso treatment, 67 genes wpgulated in the permethrin k&treatment, and 77 genes-up

regulated in both the permethrin §§and LGo treatments.

61



Table 4.2:Number of differentiallyexpressed genes in theghly-permethrin resistant strain of
Culex quinquefasciatu$lAmCd8, following a 24h exposure to either acetone, or permethrin at
the LGso and LGy rates compared to a zero hour untreated time point.

Down-regulated (24h post applicatic ~ Up-regulated 24h post

application)

Permethrin Permethrin
SCOP'general function Acetone LCso LCvo Ace LCso LCvo
Extra-cellular processes 7 7 7 2 2 5
General 8 10 12 20 34 30
Information 0 0 3 3 4 5
Intra-cellular processes 28 42 42 17 34 47
Metabolism 50 97 91 21 47 43
No annotation 19 24 16 29 73 66
Other 2 3 4 2 3 4
Regulation 11 16 16 13 17 16
TOTAL 125 199 191 107 214 216

AStructural Classification of Proteins databe8€QP) general and detailed functions using the
predictedCx. quinquefasciatusnrotation information available at the Superfamily website
(version 1.75) supfam.cs.bris.ac.uk/SUPERFAMILY/index.html

Although several of the genes-tggulated in the permethrin treatment were present in the SCOP
'no annotatiocategory, there was lowd#vel annotation for several of these genes using the
functional annotation from Vectorbase, including 10 cuticular genes, two cercropin genes,
CP1J005108 and CPI1J010699, and a +afnity nuclear juvenile hormone (JH) binding protein
CP1J006964 (Appenx 4.2). Within the SCOP 'metabolism' category, the greatest numbers of
up-regulated genes among the permettm@atments were contained within the redox category,
including nine cytochrome P450 gen€¥P325BFidelb, CYP325BF1v2, CYP6BY?2,
CYP6M14, CYP4HB CYP6N19, CYP6M16, CYP6M13, CYP6MIable 4.3; Appendix 4.2).
Within the SCOP 'general’ category, the greatest number@gupated genes were contained
within the small molecule binding category, which contained two fatty@oy reductases

(CP1J00’'244, CP1J007245) and a glutathiong&sferase (CP1J002679) (Table 4.3; Appendix
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4.2).Finally, within the SCOP 'intraellular processes' category, the greatest number-of up
regulated genes was present in the proteases category which containeddindike/gerine
proteases (CP1J002140, CP1J016012), two metalloproteases (CP1J002142, CP1J002156) and

nephrosin (CP1J009594) (Table 4.3; Appendix 4.2).

4.4.3. Downregulated Genes

Atotal of 271 genes were determined to be doggulated, which includedd¥, 214, and 216
genes in the acetone, permethrinsg,@nd permethrin L& treatments, respectively (Fig. 4.1;
Table 4.2). Sixtyfour of the dowrregulated genes were dowegulated in all of the 24 hour
exposure treatments (acetone, permethrigpl&hdpermethrin LGo), with an additional 10
genes dowsregulated in both the acetone and the permethria tt€atment, and seven genes

downregulated in both the acetone and thedi@atment (Fig. 4.1).

Table 4.3.Genes ugegulated and dowregulated 24post treatment following treatment with
permethrin at either the lsgor the LGy rate.
SCOP Functional annotation Up-regulated Down-regulated
General function Detailed function Superfamilies Genes Superfamilies Genes
Extracellular processesBlood cldting 0 0
Cell adhesion
Immune response
Toxins/defense
General General
Small molecule bindin
Information Chromatin structure
DNA replication/repair
Translation
Intra-cellular processes Cell cycle, Apoptosis
Cell motility
lon m/tr
Phospholipid m/tr
Proteases

~NFPFRWRONRPRPUONPFOW
bwErrowrNorow
ORPPFRPOORRFRPRRFEPANORNER
NNNOORRRERANORNE
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Protein modification
Transport
Metabolism Amino acids m/tr
Carbohydrate m/tr
Coenzyme m/tr
E- transfer
Energy
Lipid m/tr
Nitrogen m/tr
Nucleotide m/tr
Other enzymes
Polysaccharide m/tr
Redox
Secondary metabolisn
Transferases
Regulation DNA-binding
Kinases/phosphatases
Receptor activity
Signal transduction

RFORODORWOWUIRWRORORRMAOWER

ohvowwobrgwHErororrooun
RPRPRPONRPWOWRWROORORREPRNROR
HPrNvoNMNwww~NorB8ororkrRrRENOR

Other Unknown function
Viral proteins
No annotation No annotation 81
TOTAL 74 224 53 146

ASCOP genetand detailed functions using the predic®d quinquefasciatusnnotation
information available at the Superfamily website (version 1.75)
supfam.cs.bris.ac.uk/SUPERFAMILY/index.html

Forty-four genes were dowregulated in the acetone treatment alovigle 26, 21, and 99 genes
were downrregulated in the permethrin kg the permethrin L&, and both the permethrin k&
and LGo treatments, respectively. Among the genes that were-deguiated only in the
permethrin treatments, more than half of teaeep (76) were present in the SCOP 'metabolism’
category, most notably the carbohydrate metabolism/transport, other enzymes, and redox
categories, which contained a carboxylesterase (CP1J018233), four alpha amylase genes
(CP1J005062, CP1J005725, CP1J80158P1J801761), two alphgiucosidases (CP1J009306,
CP1J013169), and multiple hexamerin and larval serum storage proteins (CP1J000056,

CP1J001820, CP1J9033, CP1J007783, CP1J009032) (Table 4.3; Appendix 4.3). The second
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largest dowrregulated SCOP generahittion category was ‘intreellular processes', and
contained, notably, the proteases category, which contained multiple tliigesserine proteases

(Table 4.3; Appendix 4.3).

4.4.4. Functional enrichment of Gene Ontology (GO) terms among the differeiatly-
expressed genes

Following the identification of the u@nd downrregulation genes, we conducted a functional
enrichment analysis on the gene ontology (GO) terms associated with the differentially
expressed genes. This type of analysis will identifyt&@s that are statistically enriched
among either the ur the dowraregulated genes in comparison to all of the genes expressed.
Among the upregulated genes, the Biological Process GO terms associated with immune
response, and oxidatieeduction proesses were predominant, while the predominant
Molecular Function GO terms were oxidoreductase activity, monooxygenase activity, and
structural constituent of cuticle (Table 4.4). Among the doggulated genes, the Biological
Process GO terms associatethwvgarbohydrate metabolic process, lipid metabolic process, and
proteolysis were identified, while the majority of the Molecular Function GO terms were
associated with protease functions, phosphatidylcholaeylhydrolase activity, and alkaline
phosphatse activity (Table 4.4). When the functionadigriched GO terms from the -upnd
downregulated genes were connected into a network through theirjchikehterms, the

network revealed that the functionaiyriched GO terms among the-@gmd dowrreguhted
genes shared only three higtevel nodes: metabolic process, catalytic activity, and organic
substance metabolic process (Fig. 4.2). This indicated that the functienalthed GO terms

from the upregulated genes formed distinct clusters fronftimetionally-enriched GO terms
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from the downregulated genes. In particular, GO terms associated with proteolytic and primary
metabolic processes were functionadlyriched among the dowegulated genes, while the GO
terms structural constituent of cutle, oxidoreductase activity, and various immune response

GO terms were functionalgnriched among the tnegulated genes (Fig. 4.2).
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When the genes associated with the functioratigched GO terms were compiled, a total of 29

and 200 genesave shared among the-tgnd downregulated gene sets, respectively.

Table 4.4.Gene Ontology (GO) term enrichment analysis results for differentially expressed

genes in the HAMCY strain following a 24h exposure to permethrin at theola®d LGo rates
GO level GO term” Term domain and name # hits p-value’
Up-regulated genes

Biological Process GO:0009607 response to biotic stimulus 3 1.47x10*
G0:0002376 immune system process 3 2.33x10?
G0:0051704 multi-organism process 3 5.86x10"
GO:0051707 response to other organism 3
G0:0009617 response to bacterium 3 1.47x10*
G0:0006952 defense response 3 3.09x1¢?
G0:0042742 defense response to bacterium 3 1.47x10°
GO0:0006955 immune response 3 2.33x10?
G0:0045087 innate immune response 3 5.05x10°
G0:1901615 organic hydroxy compound metabolic process 4 3.74x10?
G0:0006066 alcohol metabolic process 4 2.55x10?
G0:0055114 oxidationreduction process 14 1.44x107

Molecular FunctiofrGO:0016491 oxidoreductase activity 16 2.09x10°
G0:0004497 monooxygenase activity 7 2.19x10?
G0:0042302 structural constituent of cuticle 8 5.70x10"
G0:0008812 choline dehydrogenase activity 4 1.39x10°
G0:0050660 flavin adenine dinucleotide binding 5 3.62x10°

Down-regulated genes

Biologicd Process GO:0005975 carbohydrate metabolic process 21 4.50x10°
G0:0006629 lipid metabolic process 11 8.54x10*
G0:0006508 Proteolysis 28 6.76x10

Molecular FunctiofG0:0017171 serine hydrolase activity 16 8.90x1¢°
G0:0016798 hydrolase activitacting on glycosyl bonds 12 1.71x10°
G0:0004553 hydrolase activityhydrolyzing @lycosyl compounds 9 1.20x10*
G0:0008233 peptidase activity 29 7.76x104"
G0:0008238 exopeptidase activity 12 2.15x10°
G0:0004180 carboxypeptidase activity 9 7.32x108
G0:0008237 metallopeptidase activity 10 3.40x10*
G0:0004181 metallocarboxypeptidase activity 5 8.19x10°
G0:0004175 endopeptidase activity 15 1.17x10°
G0:0008236 serinetype peptidase activity 16 8.90x10°
G0:0008970 phosphatidylcholine-acylhydrolase activity 3 1.82x10°
G0:0004035 alkaline phosphatase activity 4 4.88x10°

AAnnotation from the Gene Ontology consortium (version 1.2084; release date: 12:07:2011)

Y Cumulative hypergeometricymlues for GO terms of transcripts that weifeedentially

upregulated in when tested against all transcripts with expression levels of FPKM > 1 using the
g:SCS threshold.

“Higherlevel GO terms have been removed

Of particular interest among the-uggulated genes with functionalgnriched GO termwere
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nine cytochrome P450 gendé3Y(P325BFidelb, CYP325BF1v2, CYP6BY2, CYP6M14,

CYP4H34, CYP6N19, CYP6M16, CYP6M13, CYPgMdight cuticular genes (CP1J001839,
CP1J004289, CP1J004293, CP1J008231, CP1J013788, CP1J016318, CPI1J017925, CP1J018582),
and thregenes involved in the insect immune response: two cecropin genes (CP1J005108,

CP1J010699), and a salivary peptide gene (CP1J010700) (Table 4.5).

Table 4.5.Differentially-expressed genes associated with functioratiyched Gene Ontology
(GO) terms inlhe HAMC® strain following a 24h exposure to permethrin at theola®d LGro
rates.

GO term Genes sharing a given GO terrn

Up-regulated

response to biotic stimullCP1J005108, CP1J010699, CP1J010700

immune system process CP1J005108, CP1J010699, CPI10GDO0

multi-organism process CP1J005108, CP1J010699, CPI1J010700

response to other organitCP1J005108, CP1J010699, CPI1J010700

response to bacterium CPI1J005108, CP1J010699, CPIJ010700

defense response CP1J005108, CP1J010699, CPI1J010700

defense responge CP1J005108, CP1J010699, CPI1J010700

bacterium

immune response CP1J005108, CP1J010699, CPI1J010700

innate immune responseCP1J005108, CP1J010699, CP1J010700

organic hydroxy CP1J017482, CP1J001367, CP1J007619, CPI1J017491

compound metabolic

process

alcotol metabolic proces«CP1J017482, CP1J001367, CPIJ007619, CP1J017491

oxidationreduction CP1J800256, CP1J800177, CPI1J800178, CP1J800210, CPI1J800175, CPI1J800176

process CP1J800180, CP1J017482, CPI1J017198, CP1J015953, CP1J013724, CP1J001367
CPI1J007619

oxidoreductase activity CP1J800256, CP1J800177, CPI1J800178, CP1J800210, CPI1J800175, CPIJ800176
CP1J800180, CP1J017482, CP1J017198, CPIJ015953, CP1J013724, CP1J007244
CP1J007245, CP1J001367, CPI1J007619

monooxygenase activity CP1J800256, CPI1J800177, CPIJ8@81CPIJ800210, CPIJ800175, CPIJ800176,
CP1J800180

structural constituent of CP1J004293, CP1J001839, CP1J017925, CP1J016318, CP1J004289, CP1J008231

cuticle CP1J018582, CP1J013788

choline dehydrogenase CPI1J017482, CP1J001367, CP1J007619, CP1d017

activity

FAD binding CP1J017482, CP1J013724, CPI1J001367, CPIJ007619, CP1J017491

Down-regulated

carbohydrate metabolic CP13801597, CP1J801761, CPIJ003338, CPIJ003955, CP1J004229, CPI1J004320

process CP1J004321, CP1J004323, CPI1J004325, CP1J004733, CP1J0G5BEM05725,
CP1J008529, CP1J008530, CP1J008531, CPIJ009306, CP1J010291, CP1J012138
CP1J013169, CP1J013477, CP1J014181

lipid metabolic process CP1J801475, CP1J801474, CP1J802146, CP1J002726, CP1J004224, CP1J004225
CP1J004226, CP1J004227, CP1J004228,J0B#230, CP1J005462

proteolysis CP1J011433, CP1J801485, CP1J801477, CP1J801679, CPIJ801680, CP1J802425
CP1J002128, CP1J002133, CPI1J002136, CP1J002137, CP1J002911, CP1J002943
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CP1J004060, CP1J006077, CPI1J006079, CPIJ008873, CP1J008874, CP1J008876
CP1J00938, CP1J010641, CP1J010801, CP1J010805, CP1J010806, CP1J011383,
CP1J011617, CPI1J012036, CP1J014108, CP1J018060

serine hydrolase activity CP1J011433, CP1J802425, CP1J002128, CP1J002133, CP1J002136, CPI1J002137
CP1J002911, CP1J006077, CP1J006079, CP1J0888P1J008874, CP1J008876,
CP1J010641, CP1J011383, CP1J011617, CP1J018060

hydrolase activity acting CP13J801597, CPI1J801761, CP1J003338, CP1J004229, CP1J004320, CPI1J004321

on glycosyl bonds CP1J004323, CP1J004325, CPI1J005725, CP1J008529, CP1J00853008%310
hydrolase activity hydro CP1J003338, CP1J004229, CP1J004320, CP1J004321, CP1J004323, CPI1J004325
lyzing O-glycosyl CP1J008529, CP1J008530, CPI1J008531

compounds

peptidase activity CP1J011433, CP1J801485, CP1J801477, CP1J801679, CP1J801680, CPR80242

CP1J002128, CP1J002133, CP1J002136, CPI1J002137, CPI1J002911, CP1J002943
CP1J004060, CP1J006077, CPI1J006079, CPIJ008873, CPI1J008874, CPI1J008876
CP1J009738, CP1J010641, CP1J010801, CPIJ010805, CPI1J010806, CP1J011383
CP1J011617, CP1J012036, CP1J01410B)JD15407, CP1J018060

exopeptidase activity  CPI1J801679, CP1J801680, CP1J002911, CPIJ004060, CP1J008873, CP1J008874
CP1J008876, CP1J010801, CP1J010805, CP1J010806, CP1J012036, CP1J015407

carboxypeptidase activityCP1J801679, CP1J801680, CP1J002911, CE8873, CP1J008874, CP1J008876,
CP1J010801, CP1J010805, CP1J010806

metallopeptidase activity CP1J801485, CPI1J801477, CPI1J801679, CP1J801680, CP1J002943, CP1J004060
CP1J010801, CP1J010805, CP1J010806, CP1J012036

metallocarboxypeptidaseCP1J801679CP1J801680, CP1J010801, CP1J010805, CP1J010806

activity

endopeptidase activity CP1J011433, CP1J801485, CPI1J801477, CP1J002128, CP1J002133, CP1J002136
CP1J002137, CP1J002943, CP1J004060, CP1J006077, CPI1J006079, CP1J010641
CP1J011383, CP1J011617, CPIJ012036

seiine-type peptidase  CPI1J011433, CP1J802425, CP1J002128, CP1J002133, CP1J002136, CP1J002137

activity CP1J002911, CPI1J0O06077, CP1J006079, CP1J008873, CP1J008874, CPIJ008876
CP1J010641, CP1J011383, CP1J011617, CPI1J018060

phosphatidylcholine-L ~ CP1J801475, CP1J801474, CP1J004227

acylhydrolasectivity

alkaline phosphatase ~ CP1J001262, CP1J001264, CP1J001265, CP1J018121

activity

AAnnotation from the Gene Ontology consortium (version 1.2084; release date: 12:07:2011)

“Vectorbasehttps://www.vectorbase.org/ongisms/culexquinquefasciatygelease: CpipJ1.3

201204-02

Among the dowsregulated genes associated with the functioretisiched GO terms, the

majority of the genes were associated with proteolytic activity including two aminopeptidase N
precurors (CR004060, CP1J012036), a lysosomal-proearboxypeptidase (CP1J008876), and

an xaapro aminopeptidase | (CP1J015407). In addition, four genes associated with the GO term
‘carbohydrate metabolic process' were greggative bacteria binding proteins (CP1J824,
CP1J004320, CPI1J004320, CP1J004320), indicating that there were genes involved in the

immune response @x. auinquefasciatusmong both the umand downrregulated genes,
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however, these genes in thenggulated gene set had different immune respfursgions than

the downregulated immune genes.

4.4.5. gRTPCR Validation of Selected Genes

The differential ugregulation of cuticular genes in the permethrin treatments compared to the
acetone treatment coincided with theregulation ofjuvenile hormae (JH) binding protein
CP1J006964 (Appendix 4.3). This led us to hypothesize that there may be a developmental delay
of Cx. quinquefasciatus

when exposed to permethrin. To investigate if the permethrin exposure delayed the development
of the fourth instaHAMCAP® strain, we conducted qRACR analysis on five storage serum

proteins (CP1J000056, CP1J001820, CP1J009033, CP1J007783, CPI1J009032) and one
carboxylesterase (CP1J018233) previously identified as higkyessed in the fourth instar

stage ofCx. qunquefasciatugReid et al., 2012)f there is a developmental delay@x.
guinquefasciatugpon exposure to permethrin, there should be a corresponding decrease in the
expression of storage serum proteins in the permethrin treatment relative to ¢he acet

treatment, moreover, if the response to insecticide exposure is related to insecticide resistance,
the corresponding decrease in the expression of storage serum proteins should be more
pronounced in the highly permethrin resistant HA#Cxqrain, tharwhen compared to the

pyrethroid susceptible-Eab strain. We further investigated six proteases, that had been

previously identified as upegulated in the HAMCH strain compared to its parental low

permethrin resistant strain HAmMEYReid et al., 2012)The proteases investigated included

four genes that were tnegulated upon permethrin exposure (two metalloproteases, CP1J001240

and CPI1J009594, and two trypdike serine proteases, CP1J002140 and CP1J016012), as well as
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two genes that were dowegulaed upon permethrin exposure (CP1J002142 and CPI1J002156).
Following a 24h exposure to permethrin at thedi@te, one protease, CP1J009594 was
significantly upregulated P<0.01) in the HAMCQqG8 strain compared to thkals strain, while

one protease, CPI0R142, was significantly dowregulated P<0.01) (Fig. 4.3).

When the fourth instar from the tvi@x.quinquefasciatustrains were exposed to permethrin at
the LGso rate for the longer 48h time period, thenggulation of CP1J009594 doubled in the
permethin susceptible $ab strain, but tripled in the permethrin resistant HAFxgrain,
suggesting that CP1J009594 (nephrosin) is involved not only in response to permethrin exposure,
but to insecticide resistance as well.

When the gene expression leveldhsf larval serum storage proteins were investigated, all six
storage proteins had significantly greater daegulation in the HAMCEf strain than in the S

lab strain, with three of these genes, CP1J000056, CP1J001820, and CPI1J018233 being down

regulatedm both mosquito strains relative to a comparable acetone exposure treatment (Fig. 4.3).
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Figure 4.3.Gene expression levels for proteases (upper panels A and B) and larval storage
proteins (Il ower panels C and D)eexpBssiondeved uper se
between the permethrin susceptibiaBb strain and the permethrin resistant HAfi&srain of

Cx. quinquefasciatuwer e si gni ficantly different at the
superior to the dependent axis zero lingdatk genes that were -upgulated relative to a

comparative acetone blank treatment control, while genes inferior to the dependent axis zero line
indicate genes that were dowegulated relative to a comparative acetone blank treatment

control

The downregulation of larval serum storage proteins was more pronounced following the longer
(48h) permethrin exposure, where all six genes were deguated in both the-lab and the
HAmMC8 strains compared to the 48h acetone exposure treatment, with foergsites,
CP1J000056, CP1J001820, CPI1J007783, and CP1J018233 having a significantly ¢re@u@t )

downregulation in the HAMCYf strain compared to the permethrin susceptiblebSstrain.
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4.5 Discussion

Overall, a total of 224 genes were-tggulatedn response to permethrin exposure and 146
genes were dowregulated. Several of the genesregulated were found among categories
previously identified as upegulated in response to permethrin exposure including cytochrome
P450s and a glutathionet@nsferaséLiu et al., 2011; Gong et aR013). In addition to the
expected genes, we identified several novel profiles. The first was therdgulation of

multiple proteases in the permethrin treafed quinquefasciatu§ome of the dowsnegulated
proteases represent genes that are known to be involved in cell signaling inthaling
aminopeptidase N precurors (CP1J004060, CP1J012036), a lysosom@akprboxypeptidase
(CP1J008876), and an xg@ao aminopeptidase | (CPI1J015407), while there were fevateg@ses
within the upregulated genes, notably one protease, a nephrosin CP1J009594, which was further
confirmed to be upegulated in the HAMCH strain compared to the permethrin susceptible S
lab strain. While no role for nephrosin has been proposaddsquitoes, it is known to be
involved in the immune response in fish (Boutet et al., 2006; Darawiraj €088). Darawiroj

et al. (2008 further identified that nephrosin was dowagulated the common ca@yprinus
carpio, when exposed to a lipopaigccharide (LPS) treatment to mimic a grnaegative

bacterium exposure. Interestingly, we identified that during the permethrin exposure, genes
involved in gramnegative bacteria binding were dowsgulated, while nephrosin was-up
regulated. These resultaggested that exposure to permethrin results in changes in the immune
response status @fx. quinquefasicatugnd further suggested that nephrosin is involved. The
hypothesis that there is a correlation between the insect immune response and insecticide
resistance was further supported by our finding that two cecropin @R&K05108,

CP1J010699%)vere upregulated upon permethrin exposure. In insects, there are multiple immune
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response pathways, with gramgative bacteria activating the 'immune defici¢ (IMD)
pathway and fungi and grapositive bacteria activating the Toll pathway (DeGregorio et al.,
2002; Hedengre®lcott, 2004; Pan et al., 2012). Cecropin genes have been shown to be
regulated via the Toll pathway (Hedengi@ltott et al., 2004; Pagt al., 2012), while genes
regulated by the IMD pathway (eg/ graragative bacteria binding) were dowsgulated. Work
by Ogawa et al. (2005) found a similar trend in human macrophages, wheneduieible genes
were inhibited by nuclear receptors doweatn of the Toll receptor. In addition, there are
additional insect immune pathways, such as the-3AKT pathway, which is upegulated in
An. aquasalisn response t®lasmodium vivainfection (Bahia et al., 2011), and the
prophenyloxidase (PPO) pathwagwever no PPO or JAKTAT regulated genes were
identified in the upor downregulated genes in the permethrin expdSedquinquefasciatus
Work by Russell and Dunn (1996) demonstrated that antibacterial proteins wexgulaied in
the midgut oMandwca sextaduring the wandering stage, while recent workvarsextaby Xu

et al. (201B) has further shown that along with immune genes, other genes involved in
metabolism and transport were-tggulated during the wandering stage. When fourth i&tar
quinquefasciatusvere exposed to permethrin at either thedd® LCrorates, we identified that
multiple gramnegative bacteria binding genes were deegulated relative to the acetone
control treatment, as were 18 genes involved in carbohydrate metabatistransport (Table
4.3), suggesting that the acetone treated fourth instar were further along with development to the
pupa than the permethrin treated fourth in€tar quinquefasciatug\lthoughCx.
guinquefasciatudoes not exhibit a wandering stagaitar to M. sextait is possible that the
relatively higher expression levels of the graggative bacteria binding genes and the

carbohydrate metabolism and transport genes indicate that the larvae in the acetone treatment
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were closer to pupation thametlarvae in either of the permethrin treatments, since these
mentioned genes are known to beragulated irM. sextaduring wandering. The differences in

the gene expression profiles of immune response genes between permethrin exposed and control
mosquibes could indicate a delay in development in the fourth instar st&gye of
quinquefasciatus/hen exposed to permethrifd possible connection between the developmental
delay and the immune response statuS»fquinquefasciatusould be due to the statasthe
nutritional signaling target of rapamycin (TOR) receptor. TOR signaling and downstream TOR
kinase is involved in the control of cellular activity in response to nutrient availability (Hansen et
al., 2004) and in the larval stagedbfmelanogastefrOR signaling in the fat body has been

shown to restrict growth via a humoral mechanism, such that when nutrients are limited, the
TOR pathway is suppressed (Colombani et al., 2003). In addition, connections between the TOR
pathway and various immune resige pathways have be@enmtified. Turnquist et al. (20)0
identified that inhibition of MTOR (mammalian TOR) induced production of Interlel&pvO0,

which Lichtenegger et al. (2012) identified to be controlled by the Toll pathway. Taken together,
thesestudies connected the TOR and Toll pathways in humans, if a similar connection exists in
mosquitoes as well, it may explain the observed differences in the immune gene expression
profiles between permethrin exposed and-egposed fourth instax. quinquéasciatus that is:

if fourth instarCx. quinquefasciatusease feeding, the resulting decrease in TOR activity could
lead to an increase in Toll pathway gene expresgieading aversion to insecticide formulations
has been documented in other insectsstmotably glucose aversion in hydramethylnon baits in
Blatella germanicawhere roaches that fed on glucepgked hydramethylon developed an
aversion to glucose (Silverman and Bieman, 1993). The underlying mechanism of glucose

aversion has been identifi¢o be due to changes in the binding properties of the gustatory
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receptors oB. germanicao glucosewhere GRN1, which detects glucose in wild type roaches
became insensitive in glucose averse roaches, while GRN2, which detects bitter compounds in
wild type roaches, is stimulated by glucose in glucose averse rq&¢héaKatsumata et al.,
2013). Thus the observed differences in the expression of imrelated genes in permethyrin
exposedCx. quinquefasciatunay be the result of changes in TOR signating to a decrease of
nutrient availability as a consequence of a cessation of feeding in order to reduce the oral
exposure of the larvae to permethrin. A delay in the development in permesthoeed fourth
instarCx. quinquefasciatudue to a cessatiarf feeding may represent a behavioral resistance
responséo limit the oral exposure of the mosquito larvae to the toxidanturther investigate if
fourth instarCx. quinquefasciatuagre developmentalgelayed when exposured to permethrin,
we investigéed the gene expression levels of serum storage proteins thatragulgied in the
fourth instar prior to pupation. The results showed that the serum storage proteins were down
regulated in the permethrin treatments relative the acetone control fahbgiarmethrin

resistant HAMCRE® strain, and in the permethrin susceptiblai$ strain. This indicated that the
development to pupation for fourth ins@x. quinquefasciatus likely delayed in multiple

strains upon exposure to permethrin. Furtherntbeslevel of dowrregulation for the serum
storage proteins was significantly greafex@.01) for the permethrin resistant HAnf€gtrain

than for the Sab strain, suggesting that while permethrin may cause a developmental delay in
the Slab strain, theeffect is significantly greater in a permethrin resistant stra@xof
guinquefasciatusTaken together these results suggestediieat maya behavioral resistance
phenomenon among fourth ins@x. quinquefasciatu® limit oral exposuren responséo

permethrin exposure mediated by a cessation of feeding.
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5.1 Abstract

The expression levels of 164 cytochrome P450 genes iketthes aegyptienome were
determined for a pyrethroigesistant strain ofe. aegyptcollected from Puerto Rico.
Comparison of the gene expression levels with a pyretsusdeptible laboratory strain

confirmed the upegulation of certain cytochrome P450 genes identified in other
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geographicallydiverse populations of insectil@resistant mosquitoes as well as additional
genes. To determine if the cytochrome P450s identified -aisgipated were capable of

conferring metabolic resistance in mosquitoes, transd@osophila melanogastdines over
expressing selected cytochroé50 genes were generated and tested for their ability to survive
an insecticidal challenge of either permethrin or {ogtzermethrin. Our study adds to the
knowledgebase of the gene expression profiles of cytochrome P450 genes in insecticide

resistantde. aegyptand the putative functions of these P450 genes.

5.2 Introduction

The yellow fever mosquitddedes aegyptis a globallydistributed mosquito and the major
vector of dengue virus (Gubler, 1988; Warren and Mahmoud, 1990; Gubler and Clark, 1995).
Management ofe. aegyptis primarily through chemical means, including pyrethroids which
are preferred due to their low mammalian toxicity and high efficacy against mosquitoes
(Hougard et al., 2002; Juntarajumnong et al., 2012; Manda et al., 2013¢pEated use of
insecticides, however, has led to an increase in insecticide resistance among mosquitoes
(Hemingway et al., 2004, ffrengbonstant et al., 2004, Liu, 2008), which makes the
management oke. aegyptpopulations problematic since higher doséinsecticide are needed
to obtain the same level of control, ultimately leading to insecticide failure (Vulule et al., 1994;
Curtis et al., 1998; Liu, 2008). Insecticide resistance is a4fakited phenomenon for which

the major mechanisms are comsiel to be: target site insensitivity, reduced penetration rate, and
metabolic detoxification. In the latter mechanism, three major classes of enzymes degrade
insecticides; they include: cytochrome P450s, hydrolases, and glutaSitoaresferases

(Feyeresen, 1995; ffrenciConstant et al., 2004; Hemingway et aD04; Yang and Liu, 2011,
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Reid et al., 2012; Gong et al., 2013). Among these three categories, studies have investigated the
role of cytochrome P450s fe. aegypt(Strode et al., 2008; Pridgeenal., 209; Bariami et al.,

2012; FonseaGonzalez et al., 2011; Poupardin et al., 2010; Saa\Rodaiguez et al., 2012;

Strode et al., 2012) and the functionality of selected cytochrome P4B@s aegyptand other
mosquitoes includingnopheles gamée (Boonseupsekul et al., 2008; McLaughlin et al., 2008;
Muller et al., 2008; Stevenson et al., 2011; 2012). Collectively, these studies have investigated
the importance of multiple cytochrome P450s in pyrethroid resistaoe imegyptand their

putative functional roles. The goal of our study was to add to this knowdealse by

determining the gene expression levels of adult females of a pyrethsisthnt field population

of Ae. aegyptand to estimate the functionality of selected, previously aracterized,

cytochrome P450s for their ability to confer resistance to pyrethrokis.inegypti.

5.3 Materials and Methods

5.3.1. Mosquito Strains

The Orlando strain ohe. aegypthas been continuoustgared at the Center for Medical,
Agricultural, and Veterinary Entomology, ARS USDA in Gainesville, FL since 1952 (Clark et al.,
2011). The Puerto Rico strain A aegyptivas collected in urban San Juan, PR in October 2008
and continuously reared in the laboratory as outlined in Clark et al., 201dsé&aticide

pressuring was performed on the Puerto Rieoaegyptstrain, and each generation was tested

to ensure that the level of pyrethroid resistance was present within the population.

5.3.2. Bioassays
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For all bioassays, the adult female lifage was used. Adult topical assays were performed as
described in Pridgeon et al., 2007. Two to five day old adults were collected by aspiration,
anesthetized at 4°C for 60 minutes, then females were sorted from males and three 250cc plastic
cups containig 10 adult females each were covered with two layers of tulle mesh and provided
with cotton balls saturated with 10% sucrose for feeding. A total of three cups (30 insects) were
used for each permethrin dose and all experiments were repeated in triplitatee exception

of the twepoint concentration testing of each generation where a single replicate was used due
to the small mosquito colony size. Thesg@alues were determined using six concentrations

that resulted in mortality ranging from 100%along with an acetone (blank carrier) and

untreated controls. Prior to application, females were anesthetized for 30 secondsxetidCO
placed on a 4°C chill table (BioQuip Products, Rancho Dominguez, CA). A 0.5pl droplet of

either acetone (controls), permethrin dissolved in acetone was applied directly to the dorsal
surface of the thorax using a 700 series syringe (Hamilton, Reno, NV). In the P450 inhibition
assay, piperonyl butoxide (PBO), the inhibitor of P450s was applied topically to adult feenale
aegyptione hour prior to the application of the permethin to allow for the PBO to inhibit the
cytochrome P450 activity in the mosquitoes. The maximal concentration of PBO that could be
applied to adult femalde. aegyptivas first tested against tllando strain and a rate of 0.8ug

per female was determined to be the minimum concentration to result in mortality. Subsequently,
a rate of 0.4 ug was used for each female for the PBO inhibitor assays and resulted in no

mortality in both the Orlando andiBrto Rico strains.

5.3.3 RNA extraction, cDNA synthesis, andRT-PCR gene expression analysis.

82



Total RNA was isolated using the TRIzol reagent (Invitrogen, Carlsbad, CA) following the
manufacturer's protocol as outlined in Pridgeon et al., 2008. FastdscDNA synthesis was
conducted on 5 pg of total RNA in a 20 pl reaction mixture using aify@ primer (Invitrogen,
Carlsbad, CA). The resulting cDNA was further dilutefiblsl and a total of 1 pl was used for

each 15 pl T-PCR reaction. QuantitatiieCR was performed using the SYBR Green PCR
Master Mix on an ABI 7300 quantitative PCR System (Applied Biosystems, Foster City, CA).
The primers used for each of the cytochrome P450 genes were designed against the Liverpool
strain genome v1.1 (Nene et &007) (Table 1). The relative expression levels of each of the
cytochrome P450 genesas normalized to rpL24 within mosquito strain and then the fold
change in the gene expression level in Puerto Rico compared to Orlando was calculated using the
equation2®®t using SDS Software (Livak and Schmittgen, 2001). Testing to identify
statistically significant upegulated genes was performed using a Welctesflin R (R Core

Team, 2013).

5.3.4 Functional testing of selected cytochrome P450 genes.

The full lergths of the ugregulated P450 genes from the Puerto Rico straikeofegyptwere

amplified from cDNA using platinum Tag DNA polymerase High Fidelity (Invitrogen, Carlsbad,

CA) with specific primer pairs ( Telgdnhes. PCR base:
products of the full length genes were purified using a QIAquick Gel Extraction Kit (Qiagen,

Valencia, CA). The purified PCR products were ligated into pCR 2.1 vector using the Original

TA Cloning kit (Invitrogen, Carlsbad, CA) as descrilimdthe manufacturer. The full lengths of

the genes were cloned in One Shot TOPO 10F06 c

Competent. colikit (Invitrogen, Carlsbad, CA). Cloning and sequence analyses of the cDNAs
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were repeated at least three tiraed three TA clones from each replication were verified by
sequencing.

Table 5.1. List of primers used for the gRAICR determination of P450 gene expression level
and the primers designed to generate the constructs for the functional testing in tcansgeni

Drosophila melanogaster.

Primer Gene' Vectorbasé Forward primer (5'-3") Reverse primer (5-3")

Clan2 P45i(CYP15B1 AAEL002067 CGGATTCGTTCCTTCGATAA ATGGAATTCAGCACCGAAAC
CYP18A1 AAEL004870 CAGTGAAGGTCAGCTGTGGA CGAGACGGAGAGGTACTTGC
CYP303Alae AAEL012144 GATAGCACGAGCACGACAAA CCAAGTCCGGGTTTCATAGA
CYP304B2xx/\WAAEL014412 GATTGGAAGGAGCAGAGACG CCTTTCACCGGTTAGCACAT
CYP304B3yy/x’AAEL014411 GGTCAGTTCTACCGGACCAA TCAAATGCCTCAGCACAAAG
CYP304C1 AAEL014413 GGGAGAATCTACCGGAAAGG CTCGCGGTACATTTTGGTTT
CYP305/6 AAEL002071 GCTCCCATTCTTCGGTAACA TTCCCAATCTGGTTCCCATA
CYP305A5 AAEL002043 AGCCCTCTCCAAGCAGTACA AGCCTTGTCCCCATAGTCCT
CYP306A1 AAEL004888 TCGTGTGATATCCGCAATGT GCGAGGTTAGTCAGCGTTTC
CYP307A1 AAEL009762 GCCCTGCTGAAAAGTCTACG GCCTTTGTCGGTAACGTGAT
CYP307AL AAEL009768 GAGTCAGCCTCAGGAAGTGG CCCGTTCTGATTCAACACCT
CYP307B1 AAEL006875 ATCATGGAAGCGCTGAGACT GGTTCTCCCAGAGGTTCTCC

Clan3 P45(CYP6F2 AAEL014678 CGTGAGTGCACCCAAGACTA GAGCGTACGGTTTGCTCTTC
CYP6F3 AAEL014684 GTGGCGTTTGGCATTAAGAT CCGTACGACACCGTTTTTCT
CYP6M5 AAEL009117 TGGATCTGCTGATCGCTATG AGCACTTCTTGGACGCATTT
CYP6M6 AAEL009128 AGAAAATACCCACCCGTTCC GGTCGAATCTTTTCGGATCA
CYP6M10 AAEL009125 TGAGTGCAACTCGATGAAGG ATTCCACCGTGCTTTTTACG
CYP6M11 AAEL009127 TTGTTCACGACAGGCAGAAG CCTCGCTGCTTTTATTCTCG
CYP6N6 AAEL009126 TTCTTCATCGGTGCTGTGAG TTTGCGCAAGTTCGTACAAG
CYP6N9 AAEL009121 ACCGCAACCCAAGACTACAC AAACGCATCCCGATACAGAC
CYP6N11 AAEL009119 CTGCCTGTCTACGCAATTCA CAAAATTTTCAACGGGCTTG
CYP6N11 AAEL009138 TGGGTTATCTGGCGCTATTC ACACATCCTTGGCAAAGTCC
CYP6N12 AAEL009124 TTCACTTGCGCGATCACTAC TGCAGCAATTTCCTCAACAG
CYP6N13 AAEL009137 ACAATGTCCCGAACTCGAAC CATCATTCCGAATCGTGTTG
CYP6N14 AAELO09133 ACGTTTTCTTCCGGGAAACT TTTCGCCCATTTTTCTGAAC
CYP6N15 AAEL009122 GTCAAGGCGTACCGTTCATT CGCGATCGTGAAAGTACTGA
CYP6N16 AAEL010151 AAAACCTCGCAAGAAAAGCA GCCACCACCTCGTTCATACT
CYP6N17 AAEL010158 AAGCATCACCCAGAACCAAC ACCTTCTTGGCCAGGTTCTT
CYP6P12vl  AAEL012491 GGCAGTTTTTGGTGGACAGT CTGCTCGAACACCTTCTTCC
CYP6S3 AAEL009120 AGGCAGATGGGGAAGAGAAT TCAACAGCTGCATGAAGTCC
CYP6Y3 AAEL009132 GCTAGTGGCTGCCGTTCTAC CAGAGGCGAAGTCAACATGA
CYP6Z6 AAEL009123 CGAGGTGTCTACTGCAACGA TAACTTGTGCCCAACATCCA
CYP6Z7 AAEL009130 GAGATCCGTTTTCTGCAAGC GGTTCGCGATTCTCAGCTAC
CYP6Z8 AAEL009131 CCTGAGATGATCCGATTCGT CTCTTCGAAACCCAAAGCTG
CYP6Z9 AAEL009129 TCCAATGGAGCAATCACGTA ATCGTTCCGGAATGTAGCAC
CYP6AASv1 AAEL012492 CCAGCTTCGAGCCTTTTATG TGAAGACTCTGTCGGCAATG
CYP6AG3 AAEL007024 CCGAACGTTTTAACCCAGAA CTCGTTTGCCGAAAAGTAGC
CYP6AGS5 AAEL006984 ACATTCCGCAGAAGATGGTC TAGGTGGATAGCCCAGATCG
CYP6AG6 AAEL006992 ACACCCGCGTTRCTACGTC GCGCATCACAAGCAAAGATA
CYPBAG7 AAELO006989 TGTTTCCAGCTGCATCTTTG TTTCGCTTGCATCACGATAG
CYP6AGS8 AAEL003890 ACCAGCACACGGAAAGTACC AACCTGCATACGACCGAAAC
CYP6AH1 AAELO007473 CTGCGTGCTGAAAGAGTACG ATCCGCTTACCAACGTCATC
CYP6AH1 AAEL015641 CTGCGTGCTGAAAGAGIACG ATCCGCTTACCAACGTCATC
CYP6AK1 AAEL004941 AAGGATTGTACGCCGATTTG CTCAAGGAATCCGGTTACGA
CYPG6ALL AAEL008889 AACCGAGAATGCACCAAAAC CGACTGTTCGTCACTGGAGA
CYPG6AL3 AAEL009656 GGCAAAGGTTCATCAGGAAA CACTATGGGTGTGCCCTTCT
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CYP6BB2
CYP6BZ1
CYP6CA1
CYP6CB1
CYP6CB1
CYP6CB2
CYP6CC1vl
CYP6CD1
CYP9J2
CYP9J6
CYP9J7
CYP9J8
CYP9J9
CYP9J9
CYP9J10
CYP9J15
CYP9J16
CYP9J17
CYP9J17
CYP9J18vl
CYP9J19
CYP9J19
CYP9J20v1
CYP9J20v2
CYP9J21
CYP9J22
CYP9J23
CYP9J24
CYP9J26
CYP9J27
CYP9J27
CYP9J28
CYP9J29
CYP9J®
CYP9J31
CYP9J32
CYPOM4
CYPOM5
CYP9OM6
CYPOM7
CYP9OM8
CYP9OM9
CYPY9AE1
CYP329B1
Clan4 P45ICYP4C38
CYP4C50
CYP4C51
CYP4C52
CYP4D23
CYP4D24
CYP4D37
CYP4D38
CYP4D39
CYP4G35
CYP4G35
CYP4G36

AAEL014893 TAGTCGCTAAGGACGGAGGA
AAEL012494 GTAGGGCAAATGCTGTGGAT
AAELO014680 TCGAGGGACTTTCAGCACTT
AAEL002046 TAAGCAGCGCACCTCCTATT
AAEL009018 GAGTGCAACAGCATGAGGAA
AAEL002872 GTTTCGGAGATGGTCCAAGA
AAEL014890 GGGAACAGTTGGCAGGATAA
AAEL005006 TGGCCATTCTCTAGCGTTCT
AAEL006805 ACCGTTACGCCAACAAAGAC
AAEL002638 CAGCGTCAAACCAAGGGTAT
AAEL014606 CGGATATGGTGCACTTGTTG
AAELO06811 CCTCAACCGCAAGTACCAAT
AAELO06793 TGATCGCTCAGTGTTTCCTG
AAEL014605 TGATCGCTCAGTGTTTCCTG
AAELO06798 TATGGCGGAGTTTTTCAAGG
AAEL006795 GTACTACCCACAGCCGGAAA
AAEL006815 ACGATTGCCATACACAACGA
AAEL009699 GGAGAAATTGGGGGTTGATT

AAGTACTCCGGATCGTGGTG
ACTCCGTTGAACGTTGTTCC
AACAAATCGGCCACGTCTAC
AAAATCAACGGTCAGCATCC
GTCATCGTCGTTCAGCTTCA
GGTTGAAGCATCAGCAGTGA
AAGTCCGTGTTTGGGTCTTG
TGCAGGTGGTGTAATCCGTA
GACGATTTTCGATCGGTTGT
GTTTCAAATCCAGCCAGGAA
GGTTCAACGCCAGTTCGTAT
GTCCTTGACACCGATTTGCT
TTCGTAGGTCAATGGCTTCC
TTCGTAGGTCAATGGCTTCC
CACCGATAGCGATTGGAAGT
ACACAACCGCTTTCATCTCC
TCTGCGTCTTCTCCGTAGG
TCATCCATCTCGTGCTTCAG

AAEL006784 GAAAGGGAGCACTGAAGCAC AGGTCAAACCCGTAGACACG

AAEL006804 TCCCAGATCCAGATCGTTTC
AAEL006810 CCAACCTTTCTCGTTGGAAA
AAEL014611 CATCCAGAACGATCCGAAGT
AAEL006814 ACGGAACGACATGATCAACA
AAEL014604 TGAGGTTGATGTTCGAGCTG
AAEL014612 GTACAGCGTCTTTCCGAAGC
AAELO006802 TGTTGATGCAGGCAAAGAAG
AAEL014615 GTGCACCTTTCCGGAGTTTA
AAEL014613 TTCCCAACGTATGCGTTACA
AAEL014609 AGATGATCGCACAGTGCTTG
AAEL014616 ACGGCAAGAAAATGATGGAC
AAEL014607 CGGCACGGTAAGAAAATGAT
AAEL014617 TTTCCTCGACAAACCGATTC
AAEL014610 GATGAGCAGCACAGGTCAAA
AAEL014603 TCAAAGTCCTCGGGATGTTC
AAEL002633 TTTTCAGCGATTGAGTGTCG
AAEL008846 GCCGTGACTACGTTTTGGAT
AAEL001320 GGTTGATCACGAAGGACGTT
AAELO001288GTCGGTTCTCAGCTTCGTTC
AAEL001312 CAGTGGCCACCTACGATTTT
AAEL001292 AGGACTATGGCCGGTTTTCT
AAEL009591 AGCTGCCACTGTAGCCACTT
AAEL001807 CACTAAGGAAATGGCCTCCA
AAEL003748 CAGTTCGGGATGGAGTTGTT
AAELO003763 CTTCCTGGACGAAAGCAAAG
AAEL012266 GAAAAGTCCCACGGCTATGA
AAELO008017 AAATTCGGAAGCAGAAGCAA
AAEL008018 CAATCGACAAGCTCAGACCA
AAEL008023 TTCCTCGATCGGGTCATTAG
AAELO007816 GTTCAACAAGCGCAAGATCA
AAEL007815 TACTTCACCCCGTACCGAAG
AAEL007795 GGAGACGGTTTGCTTCTGAG
AAEL007807 CAAGCAACCCGATGAATTTT
AAEL007808 CGTCGCAGCAATAAAACTCA
AAEL008345 GGACCGATGGCTTCAGAATA

AATTTGCGTCTTTTCCGTTG
CTTCTACGGGTTGGTCGGTA
GTCCGCTCCAGACTGAACTC
AGCAACTCGTAGGCCAAGAA
CCCATTGGTGAAGAACTCGT
TGCATCAACAGGTGGATCAT
CTGCCAGGAAAAAGACGAAG
AAGGGTCTTCTCGAACAGCA
GAGGAACTTCCGTCTTGCTG
GGGCCACATTCTCAGTGTTT
CGGTTCCATGACTCTCCCTA
AGCCTTGATCGTCTCCTGAA
AAAGTCCTTAACGGCCACCT
AGTGGATTGCCCATTTGAAG
ATATTACGCCATCGCTGACC
ATATCCTTGGTCTGGCGTTG
CTCGATCCAATGCAATTCCT
AACCGTCGTAAATCCAGCAC
ATGGTCCTCGAACGTGTAGG
CGCTGGATCGTGGATAAGAT
GCCCTAGAATCGGATCAACA
TTTGCTGCATCGATTCGTAG
TCCGGATCAAATCTTTCTGG
TCAACTCGTCGTCACTCCAG
TAGTTCCGAATCCACGGAAG
CTTTCGTGATGAAGGGGAAA
ATGCCTCGATCAACAGATCC
GCATTATGCGTCCGATTTCT
GCTTTTCTCCACCAGCTTTG
TTTATCGGAGTTCCCATTGC
AGGGGTCTCCCGTCTACTGT
CAAAGCGTACAGCAGCACAT
CGAGCCAGTTGGAGAGGTAG
CCTCTCGATGGTGAGGAAAA
GCATCAAGCAAAAGCAACAA

AAEL006824 GGTCGTCAAGCAGAAGAAGG GAAATCCAGATCGTCCCTGA

AAEL004054 AACACCAATAGCGTGGAAGG
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CYP4H28
CYP4H29
CYP4H30
CYP4H31
CYP4H32
CYP4H33
CYP4J13
CYP4J14
CYP4J15v1
CYP4J15v2
CYP4J16
CYP4J17
CYP4J17
CYP4K3
CYP4AR2
CYP325E3
CYP325G2
CYP325G3
CYP325K2
CYP325K3

CYP325L1v1

CYP325M1
CYP325M2
CYP325M2
CYP325M3
CYP325M4
CYP325M5
CYP325N1
CYP325N2
CYP325P1
CYP325Q1
CYP325Q2
CYP325R1
CYP325S1
CYP325S2
CYP325S3
CYP325T2
CYP325T2
CYP325U1
CYP325X1
CYP325X2
CYP325X4
CYP325Y1

CYP325Y2v2

CYP325Y3
CYP325Y3
CYP32571
CYP325AA1

Mito P450 CYP12F5

CYP12F6
CYP12F7
CYP12F8
CYP49A1
CYP301A1

AAEL003380 ACACCGAAGGTGAAACCAAG
AAELO07830 TGCAGGCTGTCAAAGAAATG
AAELO03399 GCTGCTGAAAATAGCGAACC
AAEL002085 ACAATTCGTGACGGTGTTCA
AAEL007812 ATCCAAATGCTTGGGAACAG
AAEL013798 CAGTAATTGATGCGCGAAGA
AAEL013555 CAGGACCGTTGGAAGTTGAT
AAEL013554 AAGTTGTCCACGGTTTCTGG
AAEL013556 GCTGGATTCGCTTTTACTCG
AAEL014829 AAACATCGAT GGGCGTTAAG
AAEL015663 AACGGATCATGAACCCTCTG
AAELO015370 AGAATTCCCCTACCGCTTGT
AAEL014019 GGAGGAGATCGAAACCATGA
AAELO07798 GGAAGTGCAACGGAAATTGT
AAELO010154 CGGAGGTTTGCAATGATTCT
AAEL000338 CAATAGGGTGTTTCGGGAGA
AAEL012766 CTTATCGGTTGTGGCCATCT
AAEL012772 TACCCTTTGATCGGAAGTGC
AAELO005771 ATTTTGCCCGCTATCTTCCT
AAEL005788 ATTCCGAAGGGAACTGTCCT
AAEL011770 TCGGTGGAAACGAAACTACC
AAEL012773 AGACGAAAAGTTCGCAGCAT
AAELO012769 TTCGTTCTTTTGGGTTCCAC
AAELO15591 TTCGTTCTTTTGGGTTCCAC
AAEL012765 CGATCTGTGTGGAGAGCAAA
AAELO011769 CGTTGAATCCTTCGITTGGT
AAEL011761 TGGAAAAATCAACGGAAAGC
AAEL012770 GTACCTTGAAGCGCAAGAGG
AAEL012762 CTTGCCCGGATAGAAATCAA
AAEL000340 CGTGGTTGATTTCGSAGTTT
AAEL006044 ACCACGGAAGCTCTGAAAAA

GGGCCATCAACGAGAAGTAA
GATTCTTGCCTTGCTTGCTC
GTCCCCCAGGAATAGGACAT
TTGGATTCTTCTGGGCATTC
CTTCCTCTCGGATGTCTTCG
ATGACCCTCGAACATGAAGG
AGAGCGCACAGTACCGTTTT
GAACGAATGAACCGGAAGAA
GAAAGCTCGGGATGACTGAG
AGCCGCTTTATAGCCTGTCA
TTCCGCCAGCAGAAGACTAT
GGCCAGTAAGGTATCCAGCA
ACTGTGCATCCTCCAAAACC
CTTCGGACTTTGAGGCGTAG
CGTCTGGGTACTTTGCCATT
CTGTTAAGGATGCGGGTGTT
CTGCATATCTTCCGGGTTGT
ACCGGTGAAGTGAACAGTCC
TTCTCCTGGCAATAGGGATG
CAAGTCGGTGCTGAGTTCAA
GTTCGTCCGAGGATTGTTGT
CCTCTTGATAGCAGCGTTCC
TGCTGCTTTCCAACGTATTG
TGCTGCTTTCCAACGTATTG
GTTTTCGCCGTTGTTTCATT
GGCCGTTGCATAGATTTGAT
TCGCTGCATATCGAAGTCAC
TGTTCAGCATTCCTTGCTTG
TCCGGGTTGAAGTTTTTGAC
GCCTGGGTGTGATTTCTGTT
CATCTGGTCCCCATACATCC

AAEL015563 ACGAAAGTGCGGAAAGAAGA CAGGTGTAGGAAACGGCATT

AAELO05775 CGGCTTACTCATGGGTTGTT
AAEL000326 CCGATTTTCTTCGACAGCTC
AAELO000325 GCCGAAATCATGGAACACTT
AAELO000357 TTGCTCGGCAGTGTATCAAG
AAEL012761 GAGTTTGCCATCCGGATCTA
AAELO015475 CTCATGGCCTATGCTGTTT
AAEL000320 GGGGAAAAATGGTGAGGAAT
AAEL005695 CTGTACCGGTTTGCTGGATT
AAEL005696 TGTCGTTCTACCCGGAAATC
AAEL005700 GGCTCAACTCCAGOTCAAC
AAEL006257 GAAATCGTGCTCGATGGAAT
AAEL015362 AGGAAGCCCTCCGTATTTGT
AAEL006246 GGCATACGCATCCCTAAAGA
AAEL015361 CAATCGCTTGGTGAGGATTT
AAEL010273 CACCAAATCCAAGCCAAAGT
AAEL004012 TGCTTTCGTGGATCGTAGTG

TATCCACTGGAGTCCCTTCG
GCAAAATTCTCCGGATCAAA
CCACATATCCGCTCTTCGAT
TCCGGTAGGAAATTGTCTGG
CCTGCTGCAACACTTTTCAA
GCCATGTTTTGCCTTACGAT
ATTCAGTGCCTTACGCTGCT
TCGTCATCTTCTCGCAACAC
TCGAACTCGGCCATATTTTC
CGAATTCCTCTTTCCCTTCC
AGATAGGCAAATGGGTGACG
ATGCCTTTGCTGAACTGCTT
TCTGCATAATCCGCAACAAA
CCTCCGGGTACATTGCTAGA
GTCTTTCCGCCTGTGAAGAG
CACCAGCTCTGGATGCTGTA

AAEL001960 ACAAGGAGAAAGCTGGCAAA CATCGAGAACTCCCAATCGT

AAEL002005 TACATCGTTGACTCCGGACA
AAEL002031 CTGGAAACGATGGGTGTTCT
AAEL006827 TGGATAAGGTTGCCCTTCAG
AAEL008638 GTGCATCAAAGAAACGCTGA
AAEL014594 CCTGGAACCGAACTTGACAT

CYP302Al1lvl AAEL011463 TTTCGATGTACGGTTGGACA
CYP302A1lv2 AAEL015655 TTTCGATGTACGGTTGGACA
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CGAAGCGATCACTTTGTTGA
GATAACCGCGTCATCAACCT
TCTCCAGATCGAGGGAAGAA
CGGTCTGGTTCTGGGAAATA
CGTCCTTCACCCAAGTTCAT
GCTTTCGATACGCTGGAGTC
GCTTTCGATACGCTGGAGTC



CYP314A1 AAEL010946 GCGGAGACAAGCAAAAGAAC ACGATTTCGGCGATTGTATC

CYP315A1 AAELO011850 ATTCATTGGACGCTTTTTGG TCCCTTCGTAACCACCTTTG
Other P450 reductaseAAEL003349 TTCCTTCCCCGCTTTTATCT CTGTGTAGCGGTGCTTGTGT

60S RPL24 AAEL008329 GAGGCAGTAAAATTTCGCCA AGGTGAAAGTCTTGCCATCG
DrosophilaCYP4D24 AAEL007815 CCGCTCGAGCAAAATGCTTAT CTAGCTCGAGCCGCACCCTG(

constructs CTTATTGGCT TTCTGATCCT
CYP4H29 AAEL007830 CCGGAATTCCAAAATGGTGCC CTAGCTCGAGTCGTGGCACA!L
TCTTCTGATG TCTTCACAAA
CYP4J15vl AAEL013556 CCGGAATTCCAAAATGTTGCT CTAGCTCGAGTCTCCTCTCAA
TATTCTAACGC ACCTAACCTC
CYP4H33 AAEL013798 CCGGAATTCCAAAATGGATTT CTAGCTCGAGAATTCTTTCCA
CCTAACGAAT CTAGCTTAAT

ANomenclature for the cytochrome P450 genes was taken féetheegyptcytochrome P450
database at: http://drnelson.uthsc.edu/CytochromeP450.html

YVectorbaseéAe. aegyptpredicted gene set v. AaegL1.1. http://aaegypttodase.org/

The clones were then suoned into the pUASTattB vectoa gift from Dr. Johannes Bischof,
University of Zurich (Brand and Perrimon, 1993; Bischof et al., 2007). The plasmid of each
pUASTattBup-regulated gene was transformed into thergéme ofD. melanogaster
(Bloomington stock #24484, genotype M{view.Dm}ZH-2A, M{3XP3-RFP.attP'}ZH58A),
resulting in site specific integration on chromosome 2R (Bateman et al., 2006; Rainbow
Transgenic Flies Inc., Camarillo, CA). Flies were then recialty-crossed against a W?8strain

to obtain transgeniD. melanogastewith the orange eye phenotype. The flies were then
balanced against@. melanogastebalancer strain (Bloomington stock #6312, genotype:
w[1118]/Dp(1;Y)y[+]; sna[Sco]/CyO, P{ry[+t2]=sevRas1.V12}FK1) to generate a
homozygous line containing the cytochrome P450 transgene on chromosome 2R. The insertion
of the upregulated genes in the transgenic fruit fly lines were further confirmed ustfRCRT
Transgenic virgin femalB. melanogsterwere then crossed with maBAL4-expressind.
melanogaste(Bloomington stock #3954, genotype: P{Act8&AL4}17bFO1) which expresses
GAL4 under control of the Act5C promoter, resulting in ubiquitous-tissuespecific

expression. The F1 generatidintloese crosses expressed GAL4 and contained a single copy of

the Cytochrome P450 transgene, which was under control of the UAS enhancer. Permethrin
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toxicity bioassaysvere then conducted or®day post eclosion femalrosophilaof F1 UAS
GAL4 crosses texamine the toxicity of pyrethroids to transgenic flies. Briefly, serial
concentrations of each pyrethroid solution in acetone, ranging frorg/ph to 100 ng/pLthat

gave >0 and <100% mortality to the tested insects were prepared. Two hubafesach
permethrin concentration solution was evenly coated on the inside of individual 20 mL glass
scintillation vials Fifteen female flies were transferred to each of the prepared vials, and three
vials were used for each concentration for each bioassayateplidhe vials were plugged with
cotton balls soaked with 5% sucrose and the mortality was scored after 24 hr exposure to the
pyrethroids Each bioassayas independently replicated three times using only flies that
exhibited the correct morphological marGAL4 red eyes). ThB. melanogastestrain
(Bloomington stock #24484, genotype: M{vas.Dm}ZH-2A, M{3xP3-RFP.attP'}ZH58A)
containing the empty pUAST vector donated insert, but no transgendfrommesticavas

used as the control reference straittofving the identical crossing protocol of virgin control
females with GAL4 expressing males to obtain the F1 generation for testing. Preliminary testing
determined that vials coated with 2 and 0.3ug of permethrin anaye¢amethrin, respectively,
resuted in nearly complete mortality of the emptgctor control line. Subsequently, the lowest
insecticide concentrations chosen were 5 and 0.5 pg of permethrin araypetaethrin,
respectively, which resulted in 100% mortality of the control mosquitoeslfbioassay
replicatesAll tests were run at 2C and mortality was assessed after 24lhD. melanogaster
were reare@n JazzZMix Drosophila food (Fisher Scientific, Kansas City, M&@)25+2C under

a photoperiod of 12:12 (L:D) h following standgmetocols (Ashburner et al., 2005).

5.4 Results and Discussion
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Topical application of permethrin revealed that the level of permethrin resistance within the
Puerto Rico strain was 73 times higher than in the laboratory insecticide susceptible Orlando

strain (Table 2).

Table 5.2. Resistance ratio of the permethresistant strain oe. aegyptPuerto Rico
compared to the laboratory permethsunsceptible strain Orlando in the presence and absence of
the cytochrome P450 metabolic inhibitor piperonyldxide (PBO).

Strain LDso (95% CI) ng/insect Slope (SE &  df Fold
resistance

Orlando 0.21 (0.12i 0.41) 2.89 (0.44 8.02 4 1.00

+PBC 0.14 (0.0971 0.23) 2.08 (0.29 6.37 5 0.68

Puerto Rico 15.20 (1.00 29.90) 1.48 (0.26 1.39 7 73.07

+PBC 3.28 (202 - 5.85) 0.96 (0.14 3.99 7 15.76

Following a 1 hour préreatment of adult mosquitoes with the cytochrome P450 inhibitor
piperonyl butoxide (PBO), the resistance ratio of the Puerto Rico strain was decreaséudo 15
compared to the insecticidesseptible Orlando strain and-23d compared to the Orlando

strain pretreated with the PBO (Table 2). These results showed that when the cytochrome P450s
in the Orlando strain were inhibited by PBO, the resistance level of adult females decreased to
0.7-fold (30% decrease), whereas when the cytochrome P450s in the Puerto Rico strain were
inhibited by PBO, the resistance level of adult females decreaseddt {580% decrease).

This suggested that cytochrome P450s may have a role in the level of permesistance

observed in the Puerto Rico strainfe. aegyptiWe further tracked the level of resistance in

each generation using a typoint primary component analysis to trace the attenuation of
permethrin resistance in the Puerto Rico strain. Tledwses of permethrin selected were 0.8 ng
per female, because this rate represented thefbDthe pyrethroiesusceptible Orlando strain,

while the higher dose (6.25 ng per female) was intermediate to thddrhe Puerto Rico
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strain and complete m@idity in the Orlando strain. Overall, the level of resistance was found to
decrease within the first 18 generations, suggesting that to identify which cytochrome P450s
were involved in the observed resistance, all of the cytochrome P450 gene exprestgan le

both the Puerto Rico and Orlando strains required assessment (Fig. 1). Of the 164 cytochrome
P450s investigated for their gene expression levels, a total of 33) cytochrome P450s were
significantlyupr e gul at ed ( goldOncr€aSey, whil eighhcytd@hrdine P450s were
significantly dowar e gu |l at e d ( 4okl Becréases (Table 8)HThe@enaining 123
cytochrome P450 genes showed no significant difference (p>0.05) between the Puerto Rico and
Orlando strains of\e. aegypt{(Table 4). Anong the upregulated genes, the majority were in

families CYP4, CYP6, and CYP9 which had 9, 11, and 7 genes, respectively (Table 3).

100 - AOrlando
90 4
80 - A F18
70 -
60 - AF16 AF15

L F5

50 4F3

40 - AF12

30 - F4,F10A F13

AF1l

20 A F9

10 +

Mortality at 6.25ng permethrin per female (%)

0 10 20 30 40 50 60 70 80 920 100
Mortality at 0.8ng permethrin per female (%)

Figure 5.1. Two-point mortality for the Orlando strain &fedes aegyptnd the different

generations of the Puerto Riée. aegyptstrain. The 0.8 ng per female (low dose) represents the
maximum dose that results in survival in the pyrethsaidceptible Orlando strain, while the

6.25 ng per female represents the high dose. Puerto Rico generations F1, F2, F6, F7, F8, F14,
and F17 did not have sufficient numbers for testing.

The remaining upegulated cytochrome P450 genes included three in cl&@¥Y£325genes,
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two in the mito clan CYP12Fgenes, and one in clan £ZYP15B1Earlier studies by multiple

researchers hav@ewn upregulation of cytochrome P450 genes in insecticide resid&ant

aegypti(Strode et al., 2008; Marcombe et al., 2009; Bariami et al., 2012; Sad&edrguez et

al., 2012).

Table 5.3. List of cytochrome P450 genes differentially expressed betieeadult females of
the pyrethroieresistant strain oAedes aegyp(iPuerto Rico) and the laboratory susceptible

strain (Orlando).

Gené Name* Fold Studies that also identified as-tggulated in insecticideesistantAe.

expression inaegypti
Puerto Rico

Up-regulated

Clan 2

AAEL002067 CYP15B1  2.51+0.0%

Clan 3

AAEL007024 CYP6AG3  2.33+0.05

AAEL006989 CYP6AG7 2.28+0.08

AAEL014893 CYP6BB2
AAEL002046 CYP6CB1

AAEL009018 CYP6CB1
AAEL014678 CYP6F2
AAEL009127 CYP6M11
AAEL009121 CYP6N9
AAEL009124 CYP6N12
AAEL009137 CYP6N13
AAEL009123 CYP6Z6
AAEL006805 CYP9J2
AAELO006798 CYP9J10
AAEL006814 CYP9J20v1
AAEL014612 CYP9J21
AAEL014609 CYP9J26
AAEL014616 CYP9J27
AAEL002633 CYP9J31
Clan 4

AAEL013556 CYP4J15v1
AAEL014829 CYP4J15v2
AAELO007815 CYP4D24
AAEL008345 CYP4G35
AAEL006824 CYP4G35
AAEL007830 CYP4H29
AAEL003399 CYP4H30
AAEL013798 CYP4H33
AAEL004054 CYP4G36
AAEL012766 CYP325G2
AAEL012772 CYP325G3
AAEL011769 CYP325M4
Mito clan

AAEL002005 CYP12F6

3.01+0.18 (Bariami et al., 2012; SaavedRndriguez et al., 2012)

14.46+0.28 (Strode et al., 2008; Bariami et al., 2012; Saaw&bdriguez et al.,
2012)

10.60+£0.41 (Strode et al., 2008; Bariami et al., 2012)

4.38+0.11

5.70+0.31" (Poupardiret al., 2008; Marcombe et al., 2009; Bariami et al., 2012

2.31+0.04 (Bariami et al., 2012)

3.38+0.16 (Bariami et al., 2012)

3.53+0.0T

3.16+0.02 (Marcombe eal, 2009; Saavedi@odriguez et al., 2012)
12.17+2.83

2.89+0.29 (Strode et al., 2008; Bariami et al., 2012)

3.29+0.20°

3.94+0.42

2.76+0.22° (Strode et al., 2008; Bariami et al., 2012)

2.85+0.13 (Strode et al., 2008; Bariami et al., 2012 )

2.30+0.07

2.30+0.06" (Marcombe et al, 2009
3.85+0.22° (Marcombe et al, 200%
2.81+0.09

3.03+0.08

3.44+0.30°

2.52+0.18

3.85+0.18

2.73:0.03"

2.84+0.23 (SaavedrdRodriguez et al., 2012)
2.06£0.04

3.61+0.20°

2.72+0.11

2.14+0.06 (Strode et al., 2008)
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AAEL006827 CYP12F8  2.30+0.06

Down-

regulated

Clan 3

AAEL009119 CYP6N11  0.33+0.0%
AAEL009131 CYP6Z8 0.06+0.0%
AAEL006784 CYP9J17 0.31+0.06
AAEL014611 CYP9J19 0.04+0.0%
AAEL014610 CYP9J29 0.39+0.07
AAEL003748 CYP9AEL 0.38+0.08
Clan 4

AAEL007812 CYP4H32  0.36+0.03
AAEL014019 CYP4J17 0.44+0.03
AAEL012765 CYP325M3 0.31+0.03

ANomenclature for the cytochrome P450 genes was taken féetheegyptcytochrome P450
database at: http://drnelsoithsc.edu/CytochromeP450.html

YVectorbasede. aegyptpredicted gene set v. AaegL1.1. http://aaegypti.vectorbase.org/
“significantly upregulated (>Zold) at theP<0.05 level of significance

“significantly upregulated (>Zold) at theP<0.01 level ofsignificance

Ssignificantly downregulated (>Zold) at theP<0.01 level of significance

In our study, we found that several of the cytochrome P450 genes that we identified as up
regulated the Puerto Rico field strain were also identified in other sindlading: CYP6BB2,
CYP6CB1CYP6M1 CYPE6N9CYP6N12CYP6Z6 CYP9J10CYP9J26CYP9J27CYP4J15
CYP4G36andCYP12F6 These results provided strong evidence that geneexypeession of
cytochrome P450s was responsible for the observed level of pemresistance in the Puerto
Rico strain ofAe. aegyptiHowever, further evidence beyond gene esxgoression is necessary
when characterizing cytochrome P450s for their role in insecticide resistance. Recently, Ptitsyn
et al. (2011) showed that the gempression of multiple genes withike. aegyptfollowed a
circadian rhythym, and among these genes were 17 cytochrome P450s, inCNEia@LO

which was identified as upregulated in our study and other studies that investigated-gene up
regulation in adulfemale insecticideesistantAe. aegyptiln addition, insecticide metabolism
studies by Stevenson et al. (2012) have shown that not-ediguated cytochrome P450s in
insecticide resistant mosquitoes can functionally metabolize insecticides. Irtudgjr s
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Stevenson et al. looked at several cytochrome P450s, including two identifiedeggilgted in
our studyCYP6CBlandCYP9J26or which they found that CYP9J26 was functional for
metabolizing both permethrin and deltamethrin, while CYP6CB1 didnetdbolize either of the
two pyrethroids tested.

Table 5.4. Relative cytochrome P450 gene expression values in the pyrethsmstant Puerto

Rico strain compared with the pyrethradsceptible Orlando strain.
Fold upreglated in Puert

Clarf P45@ AAELY gene number Rico compared to Orlant
Clan 2 CYP15B1 AAELO002067 2.51+0.15
CYP18A1 AAELO004870 1.29+0.21
CYP303Alae AAEL012144 1.15+0.16
CYP304B2xxlyy AAEL014412 1.29+0.17
CYP304B3yy/xx AAELO014411 1.00%0.23
CYP304C1 AAEL014413 1.3320.17
CYP305A6 AAEL002071 1.41+0.26
CYP305A5 AAEL002043 1.38+£0.39
CYP306A1 AAEL004888 0.86x0.33
CYP307A1 AAELO009762 1.30x0.28
CYP307A1 AAELO09768 1.48+0.28
CYP307B1 AAELO06875 1.29+0.17
Clan 3 CYP6F2 AAEL014678 4.38+1.38
CYP6F3 AAEL014684 1.92+062
CYP6M5 AAEL009117 0.80+0.38
CYP6M6 AAEL009128 0.69+0.21
CYP6M10 AAEL009125 0.99+0.35
CYP6M11 AAELO009127 5.70+0.4%4
CYP6N6 AAEL009126 1.62+0.16
CYPG6N9 AAELO009121 2.31+0.17
CYP6N11 AAEL009119 0.33+0.0%
CYP6N11 AAELO009138 1.50£0.3
CYP6N12 AAEL009124 3.38+0.24
CYP6N13 AAELO009137 3.53+0.3T
CYP6N14 AAEL009133 1.45+0.12
CYP6N15 AAEL009122 1.61+0.17
CYP6N16 AAEL010151 1.42+0.13
CYPG6N17 AAEL010158 1.48%0.25
CYP6P12v1 AAEL012491 1.46%0.13
CYP6S3 AAEL009120 1.7+009
CYP6Y3 AAEL009132 1.5+0.10
CYP6Z6 AAEL009123 3.16+0.07
CYP6Z7 AAEL009130 0.89+0.70
CYP6Z8 AAELO009131 0.06+0.0%
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CYP629
CYP6AASV1
CYP6AG3
CYP6AGS
CYP6AG6
CYP6AGY
CYP6AGS8
CYP6AH1
CYP6AH1
CYP6AK1
CYPG6AL1
CYPGAL3
CYP6BB2
CYP6BZ1
CYP6CA1
CYP6CB1
CYP6CB1
CYP6CB2
CYP6CC1vl
CYP6CD1
CYP9J2
CYP9J6
CYP9J7
CYP9J8
CYP9J9
CYP9J9
CYP9J10
CYP9J15
CYP9J16
CYP9J17
CYP9J17
CYP9J18vl
CYP9J19
CYP9J19
CYP9J20v1
CYP9J20v2
CYP21
CYP9J22
CYP9J23
CYP9J24
CYP9J26
CYP9J27
CYP9J27
CYP9J28
CYP9J29
CYP9J30

AAEL009129
AAEL012492
AAELO07024
AAEL006984
AAELO06992
AAEL006989
AAELO03890
AAELO007473
AAELO15641
AAEL004941
AAELO08889
AAEL009656
AAELO014893
AAEL012494
AAELO014680
AAEL002046
AAELO009018
AAEL002872
AAEL014890
AAEL005006
AAELO06805
AAEL002638
AAEL014606
AAEL006811
AAELO06793
AAEL014605
AAELO06798
AAEL006795
AAEL006815
AAEL009699
AAELO06784
AAEL006804
AAELO06810
AAEL014611
AAELO06814
AAEL014604
AAEL014612
AAEL006802
AAELO014615
AAEL014613
AAELO014609
AAEL014616
AAELO014607
AAEL014617
AAELO014610
AAEL014603
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1.31+0.06
1.61+0.09
2.33+0.06
1.18+0.14
1.29+0.16
2.28+0.16
1.37+0.19
1.51+0.11
1.74+0.26
1.92+0.19
2.06+0.11
0.83+0.16
3.01+0.25
1.67+0.15
2.15+0.64
14.46+0.05
10.60+0.13
0.52+0.32
n/d
1.52+0.23
12.17+1.23
1.86+0.18
1.72+0.17
2.11+0.82
2.45+0.39
2.83+0.26
2.89+0.28
0.70+0.53
0.88+0.39
0.78+0.24
0.31+0.06
0.77+0.41
1.41+0.20
0.04+0.0%
3.29+0.4%4
2.04+0.50
3.94+0.43
2.30+0.32
3.77+0.3T
1.84+0.35
2.76+0.2%
2.85+0.16
3.17+0.19
1.36t0.3
0.39+0.07
1.37+0.33



Clan 4

CYP9J31
CYP9J32
CYPOM4
CYP9M5
CYPOMG6
CYPOM7
CYPOMS8
CYP9M9
CYPY9AE1
CYP329B1
CYP4C38
CYP4C50
CYP4C51
CYP4C52
CYP4D23
CYP4D24
CYP4D37
CYP4D38
CYP4D39
CYP4G35
CYP4G35
CYP4G36
CYP4H28
CYP4H29
CYP4H30
CYP4H31
CYP4H32
CYP4H33
CYP4J13
CYP4J14
CYP4J15v1
CYP4J15v2
CYP4J16
CYP4J17
CYP4J17
CYP4K3
CYP4AR2
CYP325E3
CYP325G2
CYP325G3
CYP325K2
CYP325K3
CYP325L1v1
CYP325M1
CYP325M2
CYP35M2

AAEL002633
AAEL008846
AAELO001320
AAEL001288
AAELO01312
AAEL001292
AAELO09591
AAEL001807
AAELO03748
AAEL003763
AAELO012266
AAEL008017
AAELO08018
AAEL008023
AAELO07816
AAELO007815
AAELOO07795
AAELO07807
AAELO07808
AAEL008345
AAELO006824
AAEL004054
AAELO03380
AAEL007830
AAELO03399
AAEL002085
AAELO07812
AAEL013798
AAELO013555
AAEL013554
AAELO013556
AAEL014829
AAELO015663
AAEL015370
AAELO014019
AAELO07798
AAELO010154
AAELO00338
AAELO012766
AAEL012772
AAELOO5771
AAEL005788
AAEL011770
AAEL012773
AAELO012769
AAEL015591
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2.30+0.1%4
1.16+0.15
1.02+0.30
1.18+0.34
1.83+0.23
1.73+0.38
1.55+0.21
1.01+0.14
0.38+0.08
1.51+0.13
1.09+0.15
1.20+0.19
0.85+0.36
0.61+0.42
1.68+0.17
2.81+0.20°
1.47+0.30
1.44+0.10
1.54+0.07
3.03+0.07
3.44+0.20
2.84+016"
1.27+0.71
2.52+0.43
3.85+0.50°
1.36+0.51
0.36+0.03
2.73+0.13
1.05+0.15
1.00+0.11
2.3040.18
3.85+0.46
1.06+0.29
1.23+0.42
0.44+0.03
1.19+0.28
1.09+0.23
0.76+0.64
2.06+0.31
3.61+1.20°
1.23+0.24
2.08+0.19
1.66+0.07
1.28+0.18
1.41+0.19
1.54+0.19



CYP325M3 AAEL012765 0.31+0.02
CYP325M4 AAEL011769 2.72+0.28
CYP325M5 AAEL011761 1.40+0.18
CYP325N1 AAEL012770 0.76+0.34
CYP325N2 AAEL012762 0.98+0.14
CYP325P1 AAEL000340 1.66+0.13
CYP325Q1 AAEL006044 1.16+0.13
CYP325Q2 AAEL015563 1.44+0.30
CYP325R1 AAEL005775 1.76+0.09
CYP325S1 AAEL000326 0.51+0.41
CYP325S2 AAEL000325 0.68+0.10
CYP325S3 AAELO000357 0.56+0.05
CYP325T2 AAEL012761 1.02+0.22
CYP325T2 AAEL015475 0.81+0.13
CYP325U1 AAEL000320 0.14+0.01
CYP325X1 AAEL005695 1.19+0.13
CYP325X2 AAEL005696 1.37+0.12
CYP325X4 AAEL005700 1.39+0.14
CYP325Y1 AAEL006257 1.09+0.20
CYP325Y2v2 AAEL015362 0.50+0.23
CYP325Y3 AAEL006246 1.21+0.20
CYP325Y3 AAEL015361 1.31+0.22
CYP32571 AAEL010273 1.30+0.13
CYP325AA1 AAEL004012 1.51+0.21
Mito CYP12F5 AAEL001960 0.47+0.27
Clan
CYP12F6 AAEL002005 2.14+0.19
CYP12F7 AAEL002031 1.37+0.11
CYP12F8 AAEL006827 2.30+0.29
CYP49A1 AAEL008638 1.45+0.14
CYP301A1 AAEL014594 1.84+0.15
CYP302A1v1 AAEL011463 1.91+0.15
CYP302A1v2 AAEL015655 1.46+0.22
CYP314A1 AAEL010946 0.77+0.16
CYP315A1 AAEL011850 1.92+0.07
Other NADPH P450 reductas AAEL003349 4.76+0.18

ANomenclature for the cytochrome P450 genes was taken féetheegyptcytochrome P450
database at: http://drnelson.uthsc.edu/CytochromeP450.html

YVectorbasehe. aegyptpredicted gene set v. AaegL1.1. http://aaegypti.vectorbase.org/
“significantly upregulated (>Zold) at theP<0.05 level of significance

" significantly upregulated (>Zold) at theP<0.01 level of significance

Ssignificantly downregulated (>Zold) at theP<0.01 level of significance

Taken together, these results suggest that the cytochrome P450 genes identified as up

regulated in the Puerto Rico strainAd. aegyptmay be involved in insecticide resistance, and
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further investigation to test for functionality is needed to identify if they have a role in insecticide
resistance. Multiple studies have investigated the functional role of insect cytochrome P450s
(Joussen dl., 2008; Xu et al., 2010; Stevenson et al., 2011; Stevenson et al., 2012; Muller et al.,
2008; Muller et al., 2011; ChandBroust et al., 2013; Yang and Liu, 2011), with the main focus
on characterizing clan 3 cytochrome P450s in families CYP6 and GiYB&er to add to the
growing base of literature for cytochrome P450s involved in insecticide resistance, we selected
genes from family CYP4 for further functional studies.

Four genesCYP4D24(AAEL007815),CYP4H29AAEL007830),CYP4J15vIAAEL013556),

and CYP4H33(AAEL013789), were tested, among which AAEL013556 had been previously
identified as ugregulated in permethrin resistahe. aegpyt(Marcombe et al., 2009), while the
othershad not been previously linked to insecticide resistanéeiraegypt The four P450

genes from the Puerto Rico strainAe aegyptwvere successfully transferred and expressed in

D. melanogasteunder control of the GALAAS enhancer trap system after full length cloning
and sequencing (Fig. 2). When adult fenfalenelanogasterexpressing each of the transgenes
were exposed to either permethrin or betpermethrin (Fig. 3), the results showed a moderate
increase in survival for transgertic melanogasteexpressing each of the foGiYP4genes at a

rate of 5ug/vial perntérin. CYP4D24(AAEL007815) demonstrated survivorship at 10ug/vial
suggesting thaCYP4D24may be capable of conferring resistance to type | pyrethroids, although
CYP4D24may not be as effective at conferring resistance to pyrethroids as other cytochrome
P450s. For example, transgeilc melanogasteexpressing CYP6BQ9 from the QTC279 strain

of Tribolium castaneumnder the same ActS6AL4:UAS control conferred resistance to

deltamethrin at a comparable rate (10ug/vial) (Zhu et al., 2010).
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1kb+ AAELO07815 AAEL007830 AAEL013556 AAEL013789
+ () ) ) = () )

Figure5.2. RT-PCR of transgenib. melanogasteexpressingdedes aegyptiytochrome P450
genes. The-J and (+) within gene represent the amplified products from thdéraosgenic line

(-) and the transgenic line (+) Bf melanogasterespectively.

However the typ Il pyrethroid deltamethrin has been shown to be more toxic to mosquitoes than
the type | pyrethroid permethriRéttich, F. 1983)Jawara et al., 2001; Allan, 2011). The
transgenid®. melanogastetesting further showed that the ovexpression of CYP4J14
(AAEL013556) conferred a minor level of resistance to both the type | pyrethroid permethrin
and the type Il pyrethroid betaypermethrin, while the remaining transgebicmelanogaster
lineswee not significantly different from each
nearly no survival. In addition, CYP4J15v1 was identified to beegplated in our study and

also in a previous study (Marcombe et al., 2009). Taken togetherydsedts suggest that
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CYP4J15v1 may have a minor role in conferring pyrethroid resistarfe. @egypti

100-
[CJAAEL007815 (CYP4D24)
__ 80+ . | |AAEL007830 (CYP4H29)
2 T YAAEL013556 (CYP4J15v1)
- T =S BIAAEL013798 (CYP4H33)
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Figure 5.3. Survivorship of transgeniD. melanogastdrnes following a 24h exposure to either
permethrin or betaypermethrin. Bars within dose suipeeded by the same letter are not

significantly different at the U=-0ansgéniclnevel o
of D. melanogastemwhich had no surviving individuals at any of the doses of the insecticides
tested.

5.5 Conclusions

The current study investigated the expression profiles of 164 cytochrome P450 genes in adult
females of a permethrresistant field strain oAe. aegyptiOverall, a total of 34 genes were
identified to be ugegulated, several of which were also identifiedther field populations of
insecticideresistantAe. aegyptiFunctional analysis of some of the lessederstood

cytochrome P450s suggested that two geb¥84D24andCYP4J15v]1lwere capable of
conferring a lowlevel of resistance to insecticides avhoverexpressed in transgerix

melanogasterOur results add to the body of work that has investigated the gene expression

profiles of cytochrome P450s in insecticide resistant field straiAe ochegyptiand identified a
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possible minor role of twaainily 4 P450 genes, which is important to elucidate the complexity

of the role of cytochrome P450 genes in pyrethroid resistance in mosquitoes.
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6.1 Abstract

Prior to acquisition of the first host blood meal, the anautogenous moSul&o
quinquefasciatugsequires a period of time in order to prepare for the blood feeding. In the
current study, we found that adult females required a minimum lbfp&8teclosion before they
freely took their first blood meal. We hypothesized that gene expression signatures were altered
in the mosquitoes before blood feeding in preparation for the acquisition of the blood meal
through changes in multiple gene exgres. To identify the genes involved in the acquisition of
blood feeding, we quantified the gene expression levels of adult f€ratpiinquefasciatus

using RNA Seq throughout a pbdooding period from 2 to 72 h post eclosion at 12 h intervals. A
total d 325 genes were determined to be differentiakpressed throughout the grlwoding

period, with the majority of differentiallgxpressed genes occurring between the 2 h and 12 h
posteclosion time points. Among theupgulated genes were salivary gias, odoranbinding
proteins, and proteases, while the majority of the doegulated genes were hypothetical or
cuticular genes. Further analysis of the gene expression profiles following a blood meal

suggested that only certain vitellogenin genes \ayely expressed, and that vitellogenesis in
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Cx. quinquefasciatugppears to be a longer process thafdddes aegyptiOverall, this study
reviewed multiple genes that might be involved in adult female competency for blood meal

acquisition of mosquitoes.

Key words: Vitellogenesis, blood feeding, anautogeny

6.2 Introduction

The Southern house mosqui€ylex quinquefasciatus a vector of the causative agents of
several diseases including West Nile Fever, St. Louis Encephalitis, Japanese EncepHalitis, an
lymphatic filariasis. The pathogens vectoreddy quinquefasciatugre acquired during the

blood meal acquisition, which must be taken by the adult female prior to the formation of each
egg raft (Cupp et al., 201Newly eclosed females require a jperiof time before they are
capable of taking the blood meal during which, the female mates and continues with the
necessary development to be competent for the acquisition of the blood meal itself (Williams and
Patterson, 1969). Many studies have showhgbaes and gene upgulation are involved in the

processing of the blood meal and subsequently, vitellogenesis (Chen et al., 2004, Hansen et al.,

2005, Bryant et al., 2010). Studies that have characterized the transcriptome expression patterns

of adultAedes aegyptiPrice et al., 2011) anéinopheles gambia@larinotti et al., 2006) have
shown that multiple genes are involved in blood feeding and that there are different expression
profiles of these genes both prior to and immediately following the bfeesd. The temporal

characterization of the gene expression profiles oCthegquinquefasciatusanscriptome prior

to the blood meal would provide valuable insight into the genes needed to prepare the female for

the taking of the blood meal, and also cbudentify novel targets for controllingx.
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guingquefasciatuby preventing the blood feeding. Characterization and identificafiéey

genes that may be involved in the taking of a blood meal could provide novel targets for novel
approaches to managesatt diseaseectors.The recent advances in next generation sequencing,
including RNA Seq, allows for the characterization the gene expression profiles without
requiringa priori knowledge of which genes to investigate. In the current study, we used RNA
Seq sequencing tconduct wholdranscriptomenalyse®f adult female mosquitoes during the
posteclosion and preitellogenic stages of development to identify genes that arerugown
regulated prior to the female freely taking a blood meal and furttiestigated the temporal
expression of selected genes following the taking of a blood meal to identify genes that may be
necessary for both taking of the blood meal, and processing of the blood meal in adulCiemale

quinquefasciatus.

6.3 Materials and Methods

6.3.1Mosquito strains

CulexquinquefasciatustrainHAMC8, whose parental linasoriginally collectedfrom
Huntsville,Alabama, has beearstablishedn thelaboratorywhere it has been continuously

reared since 2002 (Liu et al., 2004). mosquitoesvererearedand teste@t 25+2°C undera
photoperiobf 12:12(L:D) h and fed a diet of Brewer's yeast (Fleishmann, Chesterfield, MO) for
the larval stages and 10% sucrose and horse blood (College of Veterinary Medicine, Auburn
University) for he adult stages fed through a stretched Parafilm membrane 96 &&ated

water jacketed glass holder.
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6.3.2Pre-determination of time period for mosquitoes to take their first blood meal

The adult mosquitoes (12 h post eclosion) were divided intodupgrwith a minimum
of ~60 mosquitoes each in both sexes (~1:1 ratio). The mosquito groups were then independently
offered prewarmed (37C) horse blood meal (College of Veterinary Medicine, Auburn
University) with anascending ordesf every 12 h startinffom 24 h after eclosion; i.e., 24, 36,
48, 60, and 72 84 96 108 120 132 144 h after ecolosion, respectively. Each group of mosquitoes
was fed for a single blood meal for 2 h and the number of the blood fed female mosquitoes from
each group were checkefieat bloodfeeding. All bloodfeeding time points were repeated in

triplicate.

6.3.3RNA extraction

All collected mosquito samples were flash frozen on dry ice and he80&@ prior to RNA
extraction.Total RNA wasextractedusingthe hot acid phenolextractionmethodasoutlinedby
ChomczynskandSacchi (1987)A total of 30 pgof RNA wasthentreatedwith DNasel using
the DNA-Freekit from Ambion (Austin, TX) to removeanycontaminanDNA andre-extracted
with two successiveacid phenol:chloroform(1:1) stepsfollowed by afinal chloroform
extractionto removeanyresidualphenol.The RNA wasthenprecipitatedoverethanolandre-
suspendech steriledistilled water.After alug aliquotof RNA had beerwisuallyinspectedor
quality andfor DNA contaminationon a 1% agaroseayel. The total RNAs were subsequently
used for either Segnalysis(HudsonAlpha Instituteof Biotechnology{HAIB], Huntsville, AL)

or gene expression analysis.

6.3.4RNA library preparation, RNA Seqsequencing Data analysis,and geneexpression
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processing

Total RNAquality wasassesselly the HAIB usng anAgilent 2100Bioanalyzerandan
InvitrogenQubit to ensure quality.ibrarieswerethenpreparedisingthe lllumina RNA Sample
PrepKits for mMRNA Seganda 3' poly A tail sdectionmethod.Samplesverebarcodedandrun
asoneof four sampleson asinglelaneof anlllumina Hi Seq2000chip. Sampledor themRNA
Seqgwererun usingthe PE50 module(HAIB) which generated paired end libraries with 50 nt
long sequences on eachrpd end. Basealling, initial removalof low quality readsand
barcodeparsingwereconductedy the staff atHAIB. Further cleaning of adapter was performed
using Trimmomatic (Lohse et al., 201Pgniredendreadswerethenmappedo the Cx
quinquefas@atusgenomerom Vectorbas€Megy et al., 2009, Arensberger et al., 20a8ihg
Tophat (Trapnell et al., 2009)ith matepairinterval of 200basesandthe gtf basefeaturesle.
The-no-noveljuncs flag was used in the alignment to suppress the discoveoyel

spliceforms in order to estimate gene expression levels based on the Vectorbase annotation of the
genesReadcountsweredeterminedising Cufflinks, andthetestingof differentialexpression
wasestimatedising Cuffdiff as time series da{@oberts et al., 2011 After analysisonly genes
with expressiorvaluesQL, asmeasuredn numberof fragmentamappedor everythousand

baseof genelengthfor everymillion fragmentssequencedPKM), wereretainedfor
expressiorcomparisongGan et al.2010) All data have been submitted to the Gene Expression

Omnibus at NCBI as accession #GSE51327.

6.3.5qPCR gene expression
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The total RNA from three independent samples of 20 adult female H&fm@zsquitoes was
extracted as previously outlined aboVee same methodology for obtaining exsged females
immediately following eclosion was used to obtain the-blmod-fed females for RNA

extraction, using the same time points as previously indicated: 2, 12, 24, 36, 48, 60, and 72h
posteclosion. In ordeto obtain the material for the RNA extraction for the gaebd meal

sampling time points, mosquitoes were initially reared to 7d of age€ptostion) prior to the
offering of a blood meal. Blood meals were then offered for a 2h period at the orset of t
scotophase, after which blooded females were collected at 2, 4, 8, 12, 16, 20, 24, 36, 48, 60, and
72h. Females that had not taken a blood meal were removed from the cages immediately
following the blood meal and the remaining females that had takieod meal were held in the
cages along with the males from the initial population. A total of 20 females were selected for
each time point and all collections were repeated in triplicate. Total\Ri$#reatedwith DNase

| usingthe DNA-Freekit from Ambion (Austin, TX) as previously described removeany
contaminanDNA, and the DNase | was inactivated using the inactivation buffer from Ambion.
First strand cDNA was generated from the template RNA using the First strand cDNA synthesis
kit from Roche (Inchnapolis, IN) and an oligo dT primer. RPCR was conducted on an ABI

7500 Real Time PCR system (Applied Biosystems) using theABI SyBr Green mastermix kit
(Life Technologies, Carlsbad, CA) and relative gene expression was determined by using the 2
®®Y method (Livak and Schmittgen, 2001) using a portion of the 18S rRNA gene as the

reference gene. The primers used are provided in supplementary table S1.

6.4 Results
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6.4.1Determination of the pre-blood meal time period.

To see the time period needed feosquitoes to prepare them for the taking of their first blood
meal, we conducted a time course stadyblood feedingvith adultCx. quinquefasciatusnd
tested 11 groups. Each group was offereevpaemed blood meal starting from 24 h after
eclosion fdlowed by anascending ordesf every 12 h. Our results showed tRat
quinquefasciatuseeds a minimum of 48 h after eclosion to prepare the female for the blood

meal (Fig. 6.1).
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Figure 6.1.Box and whisker plot of the percentage of females from-eged populations of
Cx. quinquefasciatustrain HAMC§?® freely taking an offered blood meal. The black lines
within a bar represent the median percentage of females who freely took a blood meal. The
upper and lower whiskers represent the highest and l@lisstvations, respectively, while
the bars themselves represent the interquartile rangeQQ)L

When mosquito populations had reached 96 h of age-@otistion), the average number of
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females taking a blood meal plateaued at ~50% with no obsemaldase in blood meal taking

by females beyond this time point. Under the rearing conditions tested, some females may
remain uamated since the sex ratio was maintained at a consistent ratio. Sebastian and
DeMeillon (1967) found that mating was a {pegjusite for blood feeding in the closetglated
mosquitoCulex pipiens fatigansnd further identified that a sex ratio of 2:1 (males : females)
was necessary to maximize insemination, while a sex ratio of 1:1 resulted in an insemination rate
of only 83%. $ce the sex ratio was held at ~1:1 in our study, this may explain why only 50% of
the females took a blood meal (Craig, 1967).

Since the objective of the study was to determine thetinfiest blood meal acquisition
competency, the 96 h time point repented the minimum time to reach maximum first blood
meal acquisition for females in small populations of exged mosquitoes. This suggested that
under our experimental conditions, the averagebpyed meal competency time period for

females ranged ~48 after which females became competent to take a blood meal, reaching

maximum blood meal acquisition at ~96 h peskosion.

6.4.2RNA Seq characterization of the preblood meal and mating time periods inCx.
guinquefasciatus

According to the preletemination of the first blood meal time, we conducted RNA Seq to
characterize the genes that were involved in the taking of a blood meal. Seved@sish time
points i.e., 2, 12, 24, 36 48, 60, and 72 h, were selected for the RNA Seq analysis, theering
time period from ecosion to the first sign of the blood feeding (i.e., by 48 feplasion) and to
the maximum mating period @x. quinquefasciatysvhichhas been shown to begin mating 24

h after ecolosion and reach a maximum by 72 h (WilliamsPattkrson, 1969). A total of 200
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females collected from each of the time points were pooled for the RNA extraction. Except for
the 2 h time point, in which mosquito pupae were allowed to eclose over the 2 h period only,
pupae were allowed to eclose overzah period and the females were collected at 12 24, 36, 48,
60, and 72 h time points after eclosion. Overall, the depths of sequencing for the sample time
points ranged from 26 to 51 million pairedd reads (Table 6.1) and after mapping the reads to
theCx. quinquefasciatugenome, the genes that were identified as expressed (i.e.: those genes
having an FPKM (fragments per kilo base of gene length per million reads mapped) >1 (Gan et
al., 2010)), were divided among the Structural Classification Of Peo{8@OP) general

function categories of metabolism, regulation, extlular processes, inti@llular processes,
information, general, other, and no annotatidiniizin et al., 1995, Andreeva et al., 2004, Vogel

et al, 2004, Vogel et al., 2005)

Table 6.1.Number of paired end reads from the Illumina HiSeq sequencing and the percentage
of reads mapped to tl&x. quinquefasciatuStrain: Johannesburg) predicted transcriptome.
Sampling Total paired enc  Paired end reads Pairedend reads used for mapping-

time read$ discarded the Cx. quinquefasciatugenome
point (JHB v1.2)
2h 39890830 2950518 36940312

12 h 36030651 2405121 33625530

24 h 41173012 2979773 38193239

36 h 35519459 1894955 33624504

48 h 34587710 1909928 32677782

60 h 27128981 1276065 25852916

72 h 54895903 3819301 51076602

ATotal number of FASTQ (DNA sequence with quality scores) reads passing the lllumina quality
filter.

YNumber of reads discarded after adapter clipping.

When the expressed genes were pooled into their respeciye §heral function categories

and their FPKM gene expression values were summed to estimate the total proportion of gene
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expression within each of the SCOP general function categories, the pattern revealed that there

was an overall decrease intotalgene pr essi on among the ANo annot
SCOP general function categories occurring from 2 to the 12 keplastion time points, with a
respective increase in total gene expression
12 htime point (Fig. 6.2). Beyond the 12 h pesiosion time point, the total cumulative gene

expression profiles within each of the SCOP general function categories were similar up to, 72 h
posteclosion time point (Fig.6.2). These results suggested thatdjoe global changes in gene

expression for adult fema@x. quinquefasciatu@rior to the taking of a blood meal) occur

during the initial 12 h postclosion.
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Figure 6.2.Total gene expression within the Structural Classification of Proteins (SGDEvead
function categories for adult sugfad femaleCulex quinquefasciatystrain HAMC§?2, for the

initial 72 h posteclosion. Gene expression values expressed are summed within each SCOP
category to provide an overall profile of the complete distrdpuaf all gene expression within

the mosquitoes.

To further identify candidate genes that may be involved in preparing the female for the taking of
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a blood meal, we investigated the genes that were differergigtisessed throughout the time
course inveggated. Overall, the majority of the genes that tested as differentialty ciown
regulated occurred between the 2 and 12 h-@dssion time period, which peaked at 12 h, after
which, the number of genes that were differentiakpressed decreaseddF6.3). Roughly one
third of the differentiallyexpressed genes identified (101 genes from a total of 325) had no
functional annotation in Vectorbase, while the remaining genes had predicted functions
(Appendix 6.2). At 12 h postclosion, the greatestimbers of differentialhexpressed genes

was observed with 159 genes beingregulated, and 74 dowrgulated (Fig. 6.2).

° o----eUp-regulated
150 e—e Down-regulated

Differentially expressed genes

Time post eclosion (h)

Figure 6.3.Distribution of genes tested as differentiadbypressed for adult sugked female
Culex quinquefasciatystrain HAmMQ@®8, for the initial 72 h poseclosion period.

Among the upregulated genes were 32 salivary proteins and two apyrases, which may be
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involved in the prevention of platelet clotting during blood feeding (Smith et al., 2002), 10
cytochrome P450s (CP1J0(%DB, CPI1J011837 , CP1J010225 , CPI1J010227 , CPI1J000294 ,
CP1J019586 , CP1J019587 , CP1J020018 , CP1J012470, CPI1J010546 ), which were distributed
among families CYP4, CYP6, CYP9, and CYP325, 20 proteases, and also genes involved in
embryogenesis includingiwinhibitors and oskar (Chang et al., 2011, Jaglarz et al., 2011).
Among the genes dowregulated at 12 h pesttlosion were 27 hypothetical proteins, 11 cuticle
proteins and five cytochrome P450 genes (CPI1J011841, CP1J011840, CP1J015954, CP1J015961,
andCP1J015960), which were all in family CYP325. At 24 h pedbsion, fewer genes were
identified as differentialyexpressed (27 ugegulated; 51 dowsnegulated). Among the up

regulated genes at 24 h pesfosion were nine proteases and one olfactoryptece

(CP13008023), which may be involved in preparation for the blood meal and host seeking,
respectively. Among the downegulated genes at 24 h pesiosion were 32 hypothetical

proteins, and six cuticle proteins, which may be involved in the tran&itionthe pharate to the
adult.

While the majority of differential gene expression was observed in the earlier time points,
there were a few genes that wereragulated at 48 and 60 h with a total of 18, 12, 10, and five
genes for the 36 h, 48 h, 60amd 72 h time points, respectively. Notably at 48 h-pokision,
CPI1J006495, a hypothetical protein possessing a ChtBD2 chitin binding motif, which is found in
insect peritrophin A (Letunic et al., 2012). In addition, at 60 h-poktsion, multiple pr&ases
were identified as upegulated (CP1J000990, CP1J002595, CP1J003539, and CPI1J007077) as
well as ficolin3, which has been linked to the humoral lectin immune defense response in
mosquitoes (Dimopolous et al., 2002).

In addition, with the exceptiorf @ne hypothetical gene at the 48 h time point and the 10
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genes upegulated at the 60 h time point, all of the differentigkpressed genes beyond the 24

h time point were dowsnegulated. Furthermore, when the gene expression values (FPKM) were

consideed, there was a sharp decrease in the gene expression values of diffeeqiabsed

genes beyond the 36 h time point, with the highest FPKM value of 60 being attributed to a

hypothetical gene, CPIJ015506 (Table S2). Taken together, these resulit thaggbe majority

of the genes that are wpgulated in preparation of the femé&lgr. quinquefasciatu®r the taking

of their first blood meal are upegulated within the first 24 h pestlosion, while a few

additional genes involved in blood mealitakmay be ugegulated at 48 60 h posteclosion.
Recent work by Clifton and Noriega (2012) identified that nutritional status in the mosquito

Aedes aegypinfluences the expression of key vitellogeneasiated transcripts, these were: the

ribosomal 6& protein rpL32, the lipophorin receptor AaLpRov, the vitellogenin receptor

AaVgR, and heawghain clathrin (AaCHC). In our study, we identified a similar trend for these

genes irCx. quinquefasciatusnd found that the lipophorin receptor (CP1J01837%) 60S

protein rpL32 (CP1J001220), the pepidermal growth factor gene (putative vitellogenin

receptor) (CP1J020278), and heashain clathrin (CP1J014882) all gradually increased in

expression over time, with the predicted genes heaayn clathrin andhte putative vitellogenin

receptor continuously increasing from 2 to 72 h jgasbsion (Table 6.2), which follows the data

previously reported by Clifton and Noriega (2012).

Table 6.2.Expression levels of genes@ulex quinquefasciatystrain HAMC?® for genes
previously identified as upegulated in noiblood-fed femaleAedes aegypand linked to
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nutritional status with regard to blodeeding competency.
Expression level (FPKMat time point post

eclosion (h)
Gene Predicted function’ 2 12 24 36 48 60 72
number
CP1J001220 60S ribosomal protein L3 1100 1400 2200 3330 3600 4600 2900
CP1J014882 clathrin heavy chain 100 126 154 160 200 150 210
CP1J018375 lipophorin receptor 7 20 25 35 37 33 30
CP1J020278 pro-epidermal growth 3 12 93 130 190 200 240

factor
AFragments mapped Per Kilo bases of reference sequence for every Million fragments sequenced
YPredicted function from Vectorbase, v. 1.2. https://www.vectorbase.org/organisms/culex
quinquefasciatus
“Putative vitellogenin receptor based dmsest blastx match tdnopheles gambiae

6.4.3Validation of selected RNA Seq genes using gPCR.

In order to estimate the accuracy of our RNA Seq results, and to determine the expression of
selected genes throughout the pre biteetling and into the gt bloodfeeding time periods of

Cx. quinquefasciatysve selected a total of 36 genes that were predicted by the RNA Seq data to
show the differential expression during the 72 h qgafbsion time period (Fig. 6.4). Among the
genes selected were genesapively involved in host finding or blood feeding behavior
(odorantbinding proteins, period circadian protein), genes putatively involved in the maturation
of the pharate female to the adult (cuticular proteins), genes putatively involved in the taking of
the blood meal (salivary proteins), genes putatively involved in the digestion of the blood meal
(trypsins, collagenase, lipases, uricase), genes predicted to be involved in the provisioning of
nutrients to the egg (vitellogenins, adipophilin/perilipggnes involved in embryogenesis (wnt
inhibitor, oskar) as well as genes for proteins with other functions including: cytochrome P450s,

calbindin, and oxidoreductase.
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CPIJ006502 collagenase precursor

CPIJ002046 30 kDa salivary gland allergen
|| CPI)019052 13.1 kDa salivary protein

CPIJ020018 cytochrome P450

CPIJ004640 trypsin 5G1 precursor

CPI)011837 cytochrome P450

CPIJ000841 oxidoreductase

CPIJ012721 general odorant-binding protein 56D
| CPIJ003531 endothelial lipase precursor

CPIJ003525 lipase member H precursor
CPIJ013633 mediater complex subunit
CPIJ015960 cytochrome P450

CPIJ012719 general odorant-binding protein 56D

CPI1J012716 general odorant-binding protein 56D
CPIJ004290 Larval cuticle protein A1A
CP|J008286 conserved hypothetical protein
CP1J003879 adipophilin/perilipin

CPIJO07079 trypsin-1 precursor
CPIJ005952 cytochrome P450
CPIJ012708 wnt inhibitor

CPIJ007193 period circadian protein

CPIJ005273 trypsin-2 precursor
CPIJ016702 calbindin
. B CPIJ015385 phosphclipase Al
CPIJ007471 hypothetical protein
CPIJO08515 conserved hypothetical protein
CPIJ004660 trypsin-1 precursor
CPIJ003456 uricase
CPIJ012470 cytochrome P450
CPIJ010190/CPIJ010191 vitellogenin
CP1J019581 mitochondrial-processing peptidase subunit beta

| ] CPIJ012707 wnt inhibitor
CPIJ003915 chymotrypsin-1 precursor
|| CPIJ013321 phospholipase Al 1 precursor

CPIJ005473 vitellogenin
CP1JO01357/CPIJ001358 vitellogenin

2122436486072 2 4 8 12 16 2024 364860 72

increasing gene expression

Figure 6.4 Heat map displaying the relative increases in gene expression for sgkwtsdor

the initial 72 h poseclosion for adult female Cx. quinquefasciatus, strain HAmCQqG8, and for 72
h post blood meal. Females offered a blood meal were 6 days old at the time of the blood
feeding.

post eclosion (h) post blood meal (h)

The expression of these 36 genes was investigieated? to 72 h poséclosion using gPCR. In
addition, we further investigated their gene expression after blood feeding from 2 h post blood
feeding until 72 h post bloefteding. The results showed that among the genes that were
predicted to decrease oriterease and then decrease were genes putatively involved in
preparation for the blood meal, or possibly host seeking (Fig. 5 upper panels). The general
odorantbinding proteins (CP1J01716, CPIJ01719, CPI1J012721) had their highest expression at
2h postedosion and had a slight increase from the lowest expression values from 48h to 72h
post bloodfeeding. This indicated that females initially expressed the odbmading proteins to

aid for food searching (sugar or blood) and also after the blood mesiblydor aiding in the
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identification of suitable oviposition sites. Other genes of interest were the salivary genes
(CP1J002046 and CP1J019052) which reached maximal gene expression values at 24h and 48h,
respectively, and then remained at low expreskauels afterwards (Fig. 6.4).

Among the genes that were predicted to beagulated throughout the pestlosion and
pre-blooding time period, the vitellogenin genes CP1J001357/CP1J001358 reached maximal gene
expression at 60h post bloéekding, whilethe vitellogenin genes CP1J010190/CPI1J010191 and
CP1J005473 reached maximal expression at 20h post-féedihg (Fig. 6.4). The major
vitellogenin gene ie. aegypthas been shown to reach maximal expression at 24h post blood
feeding, which is consisté with our findings for CP1J010190/CP1J010191, but not for
CP1J001357/CP1J001358, suggesting that vitellogenesis is a slower proCass in
guniquefasciatughan inAe. aegyptiFollowing the blood meal, two trypsins (CP1J007079,
CP1J004660) and one chytngpsin (CP1J003915) were wrpgulated (Fig. 6.4). Trypsin
CP1J007079 was upegulated immediately following blood feeding, while trypsin CP1J004660
and chymotrypsin CP1J003915 werenggulated at 48h and 60h post bldedding,
respectively. These protees are likely involved in the digestion of the blood meal, with the first
gene representing early trypsin, and the later two representing late trypsins. The uricase gene
CP1J003456 reached a maximal expression at 20 h posttdedohg and decreased by b
post bloodfeeding, suggesting that uricase may be primarily involved in ammonia metabolism as
related to the processing of the blood meal (Isoe and Scaraffia, 2013).

We then further selected all of the predicted vitellogenin genes to identify thblpod
meal time point at which vitellogenin expression would reach a maximum. Since 10 genes were
predicted to be vitellogenins by the Vectorbase functional annotation for the Johannesburg strain

of Cx. quinquefasciatysvith three sets of two each oktlgenes having nearly identical
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sequence, we designed a total of seven gPCR primers to determine which vitellogenins were the
most likely to be involved in egg provisioning@x. quinquefasciatysnd when they reached
maximal expression. In addition, seawe were interested in understanding if the genes

identified as differentialhexpressed in pre bloged Cx. quinquefasciatusere involed post
blood-feeding, we first characterized when vitellogenin expression was at a maximum in blood

fed Cx. quinquedsciatus(Fig. 6.5)
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Figure 6.5.Temporal gene expression of vitellogenin genes in adult fe@xalquinquefasciatus
for the 72 h time period immediately following eclosion and for the 72 h time period
immediately following the blood meal.
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To accompkh this, we selected six of the 10 predicted vitellogenin gen@és.in

quinquefasciatudn order to identify which genes were involved in vitellogenesis, we initially
investigated the expression profiles of the vitellogenins in fe@alguinquefasciati Overall,

we identified that the vitellogenins, CP1J001357/CP1J001358 were the highest expressed of the
predicted vitellogenin genes, with more than two logs higher fold gene expression than the next
highest expressed vitellogenin genes CP1J010190/CFP19Q1(Fig. 6.5). In addition, we found

that these two pairs of vitellogenin genes wergagulated 12 h post blogdeding and

continued to increase, reaching a maximal expression value at 36 h posieieidiod .

6.5Discussion

Males ofCx. quinquefasatushave been shown to need a minimum of 24 h of-post
eclosion development in order to mate, with mating reaching a maximum by 72 h (Williams and
Patterson, 1969). In our study, the 72 h gadbsion time points indicated the mean age for
females to beome competent to take a blood meal, reaching a maximum by 96 h. This may
indicate that a male accessory gland factor transferred from the male during mating is necessary
in order to induce the female to take a blood meal (Craig, 1B&¢ently egg develpment in
Anopheles gambideas been demonstrated to be controlled, in part, by exogenous ecdysone
transferred to the females from the male accessory gland secretions following mating (Baldini et
al., 2013). The contribution of the ecdysone was found &<ieong inducer of th@ating
induced stimulator of oogenegisisg gene (AGAP002620) (Holt et al., 2012; Baldini et al.,
2013), however iICx. quinquefasciatyshe two closest homologs wiisq CP1J018252 and
CP1J006083 were found to have low expresshroughout the first 72 h pestlosion time

period, having their highest expression at 2 h-pekision (FPKM = 2 and 3, respectively)
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(GEO: #GSE51327). In addition, Baldini et al. (2013) found that ecdysone was not present in the
male accessory glasafAe. aegyptor Anopheles albimanu3aken together, this suggested that
the role of the male accessory gland factors with respect to mating, egg development, and female
blood meal competency differ among the various mosquito species. Since matiddaseil
occurred after 24 h pestlosion (Williams and Patterson, 1969), any genes that might-be up
regulated in response to mating should beagulated in the time points >24 h pesiosion.
Genes ugegulated at the 48 and 60 h time points were relatehitin binding, proteases, and a
ficolin. These genes may be involved in the preparation of the peritrophic matrix for the taking of
the blood meal and for providing immunity to pathogens that may be contained within the blood.
The upregulation of tlese genes at 4860 h may be necessary to prepare the female for the
taking of a blood meal, possibly wpgulated in response to mating.

In addition to the genes trpgulated at 4860 h, thedifferentially expressed genes from
the 2 to 24 h time pots are also likely involved in preparing the female for blood feeding since
several of these genes could be attributed to genes that aid in the feeding and digestion of the
blood meal, such as trypsins, apyrase, and salivary proBandds-Mury, 1995,Chamopagne
et al., 199, Sim et al., 2012), while genes having functions related to continued development
after eclosion, such as cuticle structure were doegulated (Riehle et al., 2002).
The previously urcharacterized genes that changed their ezpmedevels over time in our
study represent novel genes for the investigation of the genetic events that occur prior-to blood
meal acquisition ifCx. quinquefasciatu®©ur finding that heawghain clathrin inCx.
quinquefasciatugvas expressed throughdbe entire poseclosion time period, is likely
involved with aiding in the provisioning of the egg with vitellogenins. Clathrin is involved in

multiple endocytotic processes, thus the expression of kb clathrin throughout the entire
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posteclosiontime period was expected (Clifton and Noriega, 2012). In contrast, the putative
vitellogenin receptor, CP1J020278 had low expression until 24hkgoéssion, suggesting that

the putative vitellogenin receptor gene is developmentally regulated duringihstade and is
switched on prior to the time period when the females freely take an offered blood meal. The
increase in gene expression for the vitellogenin receptor at 24 h is consistent with observations of
egg provisioning in an autogenous straifCaf quinquefasciatyswhere 1day-old females have

been shown to be capable of provisioning their eggs in the absence of a blood meal if they were
exposed to the ecdysone agonist tebufenozide
2012). This demastrates that 24 h ol@x. quinquefasciatumales are capable of vitellogenesis

i f provided with the appropriate hormonal sti
Vitellogenesis and successful completion of egg formation in mosquitoes, howeversraqtiire

only ecdysone, but specific amino acids, juvenile hormone, and the activation of various

signaling pathways and miRNAs as well (Hansen et al., 2004, Hansen et al, 2005, Shiao et al.,
2008, Bryant et al., 2010, GulMuss et al., 2011). Vitellogenesias also been shown to

terminate, resulting in the4absorption of vitellins, if the nutritional status/Aé. aegyptis not

sufficient for complete egg maturation (Clifton and Noriega, 2012). Therefore since fexnale
quinquefasciatuare capable ofitellogenesis as earlyas 24 hpest | osi on ( Gel bi | a
Rozsypalova, 2012), but do not freely take a blood meal until at lea®648 posteclosion, the

genes that were identified as-tggulated at 48 and 60 h may be essential for the taking and
processing of the blood meal, but not vitellogenesis. Furthermore, thegyation of these

genes may be in response to mating, which begins at 24-Bgosion inCx. quinquefasciatus

(Williams and Patterson, 1969).
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Overall, our study found that the genésntified in the poseclosion, but prélood
mealtaking time period represent genes that may be necessary for the female to freely take a
blood meal. We further identified that it was possible to induce vitellogenesis and egg
provisioning inCx. quinqefasciatugrior to the age, at which, mosquitoes would freely take a
blood meal, and further identified that the induction of vitellogenesis was independent of mating
status, however none of the vitellogenesduced females were capable of laying e§ys.
study suggested that @x. quinquefasciatyshere is likely a complex of factors necessary to
prepare the female for the taking of a blood meal that include not only the control of
vitellogenesis, but the processing of the blood meal and prepanétiom female for egg

development and oviposition as well.
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Chapter 7: Research Summary and Future Studies

7.1 Research Summary

In this project, we used RNA&eq to investigate the transcriptomui&le gene expression
profiles of the fourth instar stage of a highly permethesistant strain o€ulex
quinquefasciatsHAMCq®® and its parental low permethsigsistant strain HAmCY. Overall,
we identified 367 differentially upegulated genes in the HAmE&%gtrain, namely cytochrome
P450 genes and proteases. We further utilizedRBR to validate the RN/&Seq resultsind
confirmed the ugegulation of 14 cytochrome P450 genes in the HARGtrain as well as 14
proteases that had s#@ld up-regulation. Among the upegulated proteases, one gene, nephrosin
CP1J009594, was more than 100 times a@uressed when testesing gRFPCR validation.
We proposed that the proteases that are differentajiyessed between the HAnfEand
HAmMC8strains may be involved in the signaling response that controls insecticide resistance
in Cx. quinquefasciatu§Ve then investigatedhé genes that were wpgulated in the fourth
instar stage of the HAmC§strain following a 24 h chronic exposure to permethrin at the LC
and LGo rates,and identified 224 and 146 genes that wereamg downrregulated solely in
response to permethrirespectively. Following Gene Ontology (GO) enrichment of the
differentially-expressed genes, the GO terms that were statistically enriched among the up
regulated genes included those GO terms associated with cytochrome P450 activities and
immune responsé&urther investigation among the-vggulated genes showed that the up
regulated immune genes were genes that are controlled by the Toll pathway. Among the GO
terms that were functionalgnriched among the dowegulated genes, the majority related to

protease activity and carbohydrate metabolic process. Among the r@gwlated genes
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associated with carbohydrate metabolic process were immune genes involved in the IMD
pathway, suggesting that the immune pathways that were active in permethrin and reated| t

Cx. quinquefasciatudiffered. We further investigated the larval serum storage proteins as well
as selected proteases that had been previously identifiedragulated in HAMC& in our

earlier study in order to 1) determine if exposure to pdmmetesulted in a decrease in serum
protein expression, which could represent a developmental delay, and 2) investigate the
connection of proteases that areragulated in the HAMCH strain to see if they may be

involved in the signaling response in methrin resistance. Our results showed that during
exposure to permethrin all larval storage proteins decreased in expression, suggesting that larval
Cx. quinquefasciatudelay development to the pupal form during chronic permethrin exposure,
possibly dugo a redirection of the insect's metabolic processes to detoxification as demonstrated
by the functional enrichment of GO terms associated with cytochrome P450 activities. We also
identified that nephrosin, CP1J009594 was induced during permethrin expasdiferther

identified that the induction of nephrosin was significantly higher in the HA®&cpinthan

when compared to the insecticidesceptible $ab strainand also higher than in théAmCq*°

strain (Chapter 3We proposed that upon exposur@éomethrin, insecticide resistaDx.
guinquefasciatusease feeding to reduce oral exposure to the toxicant as a means of behavioral
resistancelt is possible that insecticide resist@x. quinquefasciatugre capable of better

sensing the permethrirxgosure and cease feeding to reduce the oral exposure to the insecticide,
and that through the cessation of feeding, the TOR pathway is turned off, resulting in a loss of
repression of the Toll pathway. The rapid response to cease feeding by the F¥strati

would represent an example of behavioral resistance to permetalr@xposure. We then

diverged fromCx. quinquefasciatyso investigate the cytochrome P450sragulated in a
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permethrinresistant strain ohedes aegyptn order to expand the kndedgebase of known
cytochrome P450s involved in permethrin resistance in mosquitoes. Through a combination of
gRT-PCR and transgeni@rosophila melanogasteanhancetrap techniques, we confirmed the
up-regulation of several cytochrome P450s identifiedrevious studies on insecticide
resistance ie. aegyptiand further demonstrated that AAELO07815 (CYP4D24) and
AAEL13556 (CYP4J15v1) were functionally capable of degrading permethrin. Finally, we
investigated gene expression changeSxnquinquefasatususing RNASeq throughout the
period of time immediately posgiclosion up to the time when females freely took a blood meal.
We found that while females would not freely take a blood meal prior-#t248posteclosion,

the predominance of the changegene expression occurred within the first 24 h4gckision
which coincided with the onset of egg provisioning in autoge@ousjuinquefasciatug his
suggested that the physiological requirements of the female for host seeking and blood meal
acquistion are independent of vitellogenesis. We further identified thatithegene
(CP1J001357/CP1J001358) is the predominant vitellogenin ge@g.iquinquefasciatugn
conclusion, our project proposes a novel model of behavioral resistaigedninquéasciatus
possibly mediated by the protease nephrosin, identified the functional capacity of two
cytochrome P450s iAe. aegyptto degrade pyrethroids, and elucidated the gene expression

profiles ofCx. quinquefasciaturoughout the early part of thdudt stage.

7.2 Edsysteroid UDPglucosyltransferase inCulex quinquefasciatuss a novel target for

mosquito management
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The predicted genome GiX. quinquefasciatusossesses two genes that are predicted to be
ecdysteroid UDRylucosyltransferases, CPOB694 and CP1J016641. The latter gene,
CP1J016641 was found to have no expression in adult febxalguinquefasciatuduring any
pre-blooding or posblooding stage, while CP1J003694 was identified to be induced at 36 h

postblooding, which preceded theaxximal expression d&&74by 24 h (Fig. 7.1).
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Figure 7.1 Temporal expression of the ecdysanducible gend=74and the ecdysteroid
glucosyltransferase gene CPI1J003694.

The gend74is inducible by ecdysone and required for the initiation of vitellogsriasi

mosquitoes (Guogiang et al., 2002), thus the expressigr4xt 60 h posblood meal suggests

that there is a second burst of ecdysone, as is fould.iaegyptand other insects as well

(Shirk et al., 1990), which has been proposed to be negdssg@roper egg development. Thus,
mosquitoes use ecdysone for both the initiation, and the maturation of eggs at different intervals.
The observed increaseagtexpression at 36 h (Fig. 7.1) suggests that there is a need for the

mosquito to regulate éhactivity of ecdysone, likely through glucosylation, which has been
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shown to inactivate the activity of 20/droxyecdysone iMamestra brassica€Clarke et al.,

1996). Since ecdysone is likely necessary for proper egg maturation, it is also liketyt that
expressed in a tissigpecific fashion in order to protect specific mosquito tissues from the
effects of ecdysone. Disruption of the roleegtcould be a novel means of mosquito control.
Future work to investigate the roleegtwould be to condudopical application of ecdysone
agonists that cannot be glucosylated by egt. The maximatoxanrates for both tebufenozide,

and methoxyfenozide have already been determined in Chapter 5, and along with application of
20-hydroxyecdysone as a contrifle effect of egt could be estimated. That is, the activity of egt
should be able to negate the effects of exterragiiylied 26hydroxyecdysone, but not those of

the ecdysone agonists. The measureable outcomes for this work would be adult survival, the
numbers of eggs laid, the numbers of viable larvae, as well as the possible use-8eRNA
investigate unexpected changes in gene expression profiles. Further confirmation of the role of

egt could be conducted using RNAI.

7.3 Use olVitA gene as a screeng tool for bisacylhydrazines against mosquitoes

Non-steroidal ecdysone agonists have been developed for the control of Lepidopteran and
Coleopteran pests, leading to the potential of these chemicals for the effective control of disease
vectoring insectancluding mosquitoes (Smagghe et al., 2001; Retnakaran et al., 2003; Beckage
et al., 2004). In Chapter 6, we found that the expression eftthgene (CP1J001357 /
CP1J001358) was highly uggulated (>10,008old) following a blood meal compared tceth
VitA gene expression in females that were not given a blood meal. Simieguiption patterns
of vitA expression occurred in ndiood-fed femalesvhen these mosquitoes were treated with

the ecdysone agonists, tebufenozide and methoxyfenozide, dndhes found that the dose
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required for induction ofitA expression was lower for methoxyfenozide compared with

tebufenozide, suggesting a more specific effect of methoxyfenoz@e iquinquefasciatug-ig.

7.2).
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Figure 7.2.Dosedependent effect ofcdysone agonists on the gene expression ofithegene
(CP1J001357 / CP1J001358) against adult fer@dequinquefasciatus.

Beckage et al. (2004) found that among three mosquito species, methoxyfenozide was more
active than tebufenozide, suggesting thate may be a correlation between the larvicidal

activity of ecdysone agonists and their ability to indvit& expression. In this case, the level of
VitA gene expression could be used as an indicator of the biological activity of ecdysone
agonists. Suta system would be advantageous in a laggde chemical screening program
because only a few nanomols of test material would initially be needed to determine biological
activity. In addition, the finding that topical treatment with tebufenozide andoxygtmnozide
resulted in egg provisioning i@x. quinquefasciatusould provide an efficient initial screen

whereby mosquitoes need only be dissected at 48 h post application to determine activity.
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Subsequent studies, however, would need to be conduatetitoze a chemical screening
system, including characterizing the percentage of false negatives due to insufficient chemical

absorption or females possibly incapable of vitellogenesis.

7.4 Determination of gene copy number in the highly pyrethroietesigant HAmCq 8 strain

of Cx. quinquefasciatus

In addition to testing the gene expression profiles in Chapter 3, we also investigated the SNPs
that differed between the HAmE¥and HAMC® strains. For this, we first mapped all of the
RNA-Seq reads to the eence genome f@x. quinquefasciatysvhich is the Johannesberg

strain @rensburger et al., 2010)his was done so that the RNeq reads could be overlapped

to a reference genome, allowing for positions with different nucleotides to be determined and
SNPs to be called (Neilsen et al., 2011). However since we were interested only in SNPs that
differed between the HAmE§and the HAMCE? strain, and not SNPs between the HAMEq
strain and the Johannesberg strain, we further sorted all of the identifies) &M retained only

the SNPs that were different between the HA®fGopd HAMC?® strains. A minimum coverage

of 20 reads for each SNP (Neilsen et al., 2011) was required for both the KAan@q

HAMCG8 strains in order to determine the SNPs in the HARGtrain,. which ensured that the
SNPs called in the HAmCH strain were different between the permetis@tected HAMCEf

strain and its parental HAmE®strain. In total, >130,000 SNPs were determined between the
HAMC® and HAMC® strains (Table 7.1More than 85% of the SNPs identified (112,112
SNPs) were synonymous SNPs, suggesting that the majority of the SNPs between theHAmCq
and HAMC&® strains do not result in a change to the amino acid sequence of the proteins.

Among all SNPs determined, ~%3(75,229 SNPs) of them were homozygous SNPs and ~42%
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were heterozygous (Table 7.1), indicating the more than half of total SNPs had gone to fixation,

that is, they were completely selected within the HARfQuppulation (Barreiro et al., 2GR

Table 7.1 Single nucleotide polymorphisms in the pyrethrmedistant strain oTx.
quinquefasciatusHAMC®®, compared to the parental reference strain HAMCq

Regiorf Total SNPs Homozygous Heterozygous
synonymous SNF 112112 64252 47860
nonsynonymous SN¥ 17732 10412 7320
splice site donc 273 234 39
splice site accept 305 245 60
synonymous stc 57 38 19
TOTAL 130479 75181 55298

8 As defined for the gene coding regions for @e quinquefasciatu3ohannesberg strain v1.3
Vectorbase, www.vectorbase.org

Other SNPs within the HAmE§ strain included the addition of 273 predicted splice site donors
and 305 splice site acceptors, suggesting that alternative splicing could also play a role in the
regulation of the upegulated genes in the HAmEX(Table 7.). In addition, a total of 57
synonymous stop SNPs were identified in the HARfGtrain, which are not predicted to result

in any change to protein function (Table 7.1). To pinpoint the possible importance of the SNPs in
insecticide resistance, we investied the SNPs that were present in theagpulated genes of

the pyrethroieresistant HAMCE? strain identified in Chapter 3. Among the-tggulated genes

in HAMCAP8, 132 of them contained SNPs, with a total of 1010 SNPs among the genes (Table
7.2).The rumber of SNPs per gene were compared among their Structural Classification of
Proteins (SCOP) functional categories, which showed that the genes containing SNPs were
present in the categories of extracellular processes, general, intracellular procdssedisme
regulation, and no annotation (Fig. 7.3).

Table 7.2.List of genes containing SNPs/indels in the HAMf®srain ofCx. quinquefasciatus
when compared to the HAmEYstrain for genes shown to be-regulatedn the HAMCE?®

strain.
SequencSCOP genera SCOP detailed
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variant

function

function

Gene function

Gene numbér

Insertion General

Deletion

SNP

Metabolism

Intra-cellular
processes

Metabolism
General

Extracellular
processes

General

Intra-cellular
processes

Small molecule glutathione Sransferase

binding

Other enzymes AMP dependent CoA ligase

Proteases

Redox

Small molecule

binding
General
Blood clotting

Cell adhesion
General

Protein
interaction

Small molecule

binding

Phospholipid
m/tr*

Proteases

Transport

fumarylacetoacetate hydrolase
serpin B6

short chain type dehydrogenase
glutathione Stransferase

sarcoplasmic calciurhinding protein

ficolin-1 precursor

cadherin
asporin precursor

sarcoplasmic calciurbinding protein

troponin C, isofom

TPR repeatontaining protein
T20B12.1

CP1J006160

CP1J000791
CP1J017110
CP1J014719

CP1J005656
CP1J006160, CP1J002663

CP1J001560
CP1J012830

CP1J014101
CP1J017510
CPI1J001560
CP13J012250, CP1J016821
CPI1J007346

D-2-hydroxyglutarate dehydrogenasCP1J001318

glucose oxidase
glutathione Stransferase

CPI1J007620
CP1J002663, CP1J006160

multidrug resistancassociated proteiCP1J001520
myosin heavy chain, striated muscle CP1J000853
NADP-dependent leukotriene B4 12 CP1J003802

hydroxydehydrogenase
alphatocopherol transfer protein

cathepsin B precursor
carboxypeptidase Al precursor
chymotrypsinl

collagenase precursor

fxna

peptdase family
prolylcarboxypeptidase

serine proteases 1/2 precursor
serpin B6

transmembrane protease, serine
trypsin3 precursor

zinc carboxypeptidase

5-nucleotidase, @erminal
ammonium transporter
blastula protease 10 precursor
zinc metalloproteinase
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CPJ009746

CP1J001239, CPI1J001240
CP1J010805

CP1J006543, CP1J002135,
CP1J002137

CP1J002142, CPI1J016012
CP1J009738, CP1J014110
CP13801477
CP1J008873
CP1J002139
CP1J014719
CP1J001111
CP13019428

CP1J801679, €1J801680,
CP13801685, CP1J801686

CP13800110
CP1J013531
CP13002943
CP1J002941, CPI1J002942,



CP1J019029
Metabolism Carbohydate 1, 4alphaglucanbranching enzyme CPI1J006166

m/tr
alphaamylase A precursor CP1J005725, CP1J005060
maltose phosphorylase CP1J008853
Energy and E  acylcoenzyme A oxidase 1, CP1J003059
transfer peroxisomal
cytochrome b5 CP1J004595
vacuolar ATP synthase subunit C ~ CP1J002067
Lipid m/tr lipoprotein amino region CP1J801684
Other enzymes AMP dependent CoA ligase CP1J000791, CPI1J006459
chitinase class CPI1J800112
esterase B1 CPI1J007824, CP1J016336
fumarylacetoacetate hyolase domainCP1J017110
containing protein
luciferin 4monooxygenase CP1J010716, CPIJ015088
lysosomal preX carboxypeptidase  CP1J008876
phospholipase A1 member A precur:CP1J004222
secreted chitinase CPI1J019598
seleniumbinding proten 1-A CP1J013577
WD-repeat protein CPI1J002052
Polysaccharide 2-hydroxyacylsphingosine-teta CP1J000226
m/tr galactosyltransferase
UDP-glucuronosyltransferase 2B17 CP1J006508
precursor
Redox basic juvenile hormone sensitive ~ CP1J005187

hemolymph protein

cytochrome b561 domaicontaining CP1J010934
protein

cytochrome P450 CPI1J800194 (CYP6AAT),
CP1J800196 (CYP6AA9),
CP1J800216 (CYP6BZ2),
CP1J800222 (CYP9J33),
CP1J800229 (CYP9J40),
CP1J800249 (CYP4D42v1),
CP1J800254 (CYP4H30),
CP1J80029 (CYP4H37v1),
CP1J015681 (CYP4H37v2),
CP1J020229 (CYP4D42v2)

hexamerin 1.1 precursor CP1J000056, CPI1J006537,
CP1J006538, CP1J018824,
CP1J018825

larval serum protein 2 precursor CP1J001820
NADH dehydrogenase CP1J018667
short chain type deldyogenase CP1J005656

Secondary betal, 3-glucartbinding protein CP1J004320, CPI1J004323
metabolism precursor

venom allergen 3 precursor CP1J004029
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Transferases  cystathionine gammbyase CP1J006619
Regulation  DNA-binding sterol regulatory elemedfitinding CP1J018167

protein
Signal Neuronal acetylcholine receptor CP1J801870
transduction subunit alph&

NONAS not annotated  acidic mammalian chitinase precursiCP1J000008
actin, muscle A2 CPI1J012574
astacin precursor CPI1J013319
betagdactosidase precursor CP1J003338
cecropinrA precursor CP1J010699
class VIl unconventional myosin CP1J000852
fibrinogen C domaircontaining CP1J005841
protein
galactosidebinding lectin CP1J802228
leucinerich transmembrane protein CPID06150, CP1J004947,

CP1J006515
liver carboxylesterase 1 precursor CP1J018231
low choriolytic enzyme precursor ~ CP1J010224
peroxisomal membrane protein 11C CP1J009744

sarcalumenin precursor CP1J013085
SITSbinding protein CPI1J008904
translocator protein CP1J009683

conserved hypothetical protein CP1J002103, CPI1J002117,
CP1J003223, CP1J003485,
CP1J007785, CP1J010305,
CPI1J012702, CP1J014226,
CPI1J014892, CP1J017149,
CP1J017150, CP1J018791,
CP1J001427, CP1J002070,
CP1J002744, CP1J009034
CP1J010757, CP1J012287,
CP1J012899, CP1J013195,
CP1J013296, CP1J013736,
CP1J017076, CP1J018002,
CP1J020308

5Cx. quinquefasciatusohannesberg strain v1.3 Vectorbase, www.vectorbase.org
¥ SCOP general function categories annotated using the prediztegdinquefasciatuannotation information
available at the Superfamily website (version 1.75) supfam.cs.bris.ac.uk/SUPERFAMILY/index.html

"m/tr= metabolism and transport
™ Annotation of Cytochrome P450s taken from: http://drnelson.ut.mem.edu/Cytochroni&R450
SNONA= No Annotation

Among the SCOP categories, the categories for no annotation, intracellular processes (including
proteases) and metabolism (including detoxification enzymes such as cytochrome P450s) had the

greatest numbers of genes that comdiSNPs, with the majority of the SNPs in these
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catergories being heterozygous (Fig. 7.3). The extracellular processes and regulation categories
each contained two genes that had SNPs within their sequences (Table 7.2). A total of 12 genes
in the generaldnction category contained either heterozygous or homozygous SNPs, with one
gene, CP1J006160glutathioneS-transferase, containing both homozygous and heterozygous
SNPs. Within the metabolism category genes including two esterases and 10 cytochrome P450
genes contained both homozygous and heterozygous SNPs (Table 7.2). The median number of
heterozygous SNPs per gene in metabolism category was six, which was twice the number of
homozygous SNPs (Fig. 7.3).

In the remaining categories of intracellular prsges and no annotation, a similar pattern
of roughly twice as many heterozygous as homozygous SNPs per gene was identified, while the
genes within the intracellular processes category were predominantly annotated as having
proteolytic/peptiditic activitis, which have been previously linked to insecticide resistance in
insects as well as gene regulation and cell signaling (Pedra et al., 2004). Of particular interest
was that among the uggulated genes in the HAmE&ptrain, onethird (132 of 367) contaed
SNPs, the majority of which were a combination of both heterozygous and homozygous SNPs.
In addition, the majority of SNPs were synonymous, suggesting no change in function. As a
result of the high correlation of both heterozygous and homozygous syoosshNPs in the up
regulated genes of HAME® and since we mapped to the genome of the Johannesburg strain,
and not to the genome of HAME&pr HAMCf*8, we propose that the high occurrence of SNPs

in the HAMC® up-regulated genes is due to the crossppng of genes duplicated in the
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HmCd® strain, but not the HAMCY strain.
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Figure 7.3.Distribution of SNPs and indels identified within thenggulated genes in the
pyrethroidresistant HAMCE? strain ofCx. quinquefasciatusithin the general function
categories of the Structural Classification of Proteins (SCOP) datatbase. Individual points within
category represent the actual number of SNPs/indels for a given gene, while-tileisieec
plots represent the quartile values, where the internal blackitbéein each box represents the
median value of SNPs/indels per gene within SCOP general function category.

In order to test this, future work using copy numhbeT-CR (Solomon et al., 2008) on
the DNA of the HAMCE®, HAmCf*®, and insecticide susceptilfidab strains would identify if

gene duplication is responsible for the high occurrence of SNPs in-tieguipted genes of

HAMC8 strain, and may, in part, explain their-tggulation.
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Appendix 3.1.List and sequences of the gRTR primers used.

Gené

18S rRMA
CP1J002802
CP1J002795
CP1J011785
CP1J002943
CP1J001979
CP1J014110
CP1J004594
CP1J014719
CP1J®4323
CP1J002139
CP1J002942
CP1J001111
CP1J018037
CP1J006543
CP1J002130
CPI1J013319
CP1J009106
CP1J001240
CP1J019428
CP1J004086
CP1J008873
CP1J002135
CP1J016012
CP1J002142
CP1J006803
CP1J007383
CP1J010224
CP1J014523
CP1J019029
CP1J002128
CP1J006542
CP1J010805
CP1J006076
CP1J0O0T43
CP1J003623
CP1J001742
CP1J009594
CP1J018233
CP1J006166
CP1J001820
CPI1J000056
CPI1J009033
CP1J009032
CPI1J0O07783

Sense primer (5'to 3")
CGCGGTAATTCCAGCTCCACTA
CTGCATGAAGCTCCGTTGT
ACGCTCCAGCTCTGTCGTA
AGCTGGTGTTCCAGGTGTTC
ATGAGTAACGAGTTCCAGGAGTTG
CGAGTCTACCTACACTGGGAAGAT
CAACGGTACTACATCTTTCACCAA
GGATTTCGGTAAATTTGAAGATGT
TTCAAGGGAACCTGGAAGC
AAAAGTTCCGACCGGTGAC
TAATCTGTCGTGTCAATTGTCGTA
GACTATGGCAGTGTGATGCACTA
ACTGGTTATTCAGCGGTGTACTTT
GGATGTGGTCAGACTGGGTAGTAT
AGGTTGATGAGGAGGAGAATACAG
GTGGAGGTTCTAAAATTTCCAGTG
CTACTACGGTAGCGTGATGCACTA
CAAACCAGAAGAGTACAACTGTCG
AGGACGTGAATATCGTTCTGAAAT
GGTTCAATAATATCCGAACGATG
TTGAGACGTACAATCAGCAATTTT
CAGTGAGCTGTTCAATACCTGTTC
TTCAACGACTATGTTCAACCAATC
GGGAGTTATGTTGAGGACTTGAAA
TGAAATCCTTAGTAGTGCTTGCAG
GGTAATCTGGTGGAGAGTGACAT
TTTGGTTGACATTGAAAACACTCT
GAACTATTCGAGACCGGTAGTGAT
TTTTAACGATTACGTTCAACCTGT
CTACACCAACAACAAGTGGAACA
TTGTTATTCTTCTCACAGCAGCTC
TGTCGACGAATCAGTTCACTTTAT
ATTGGAACTACTCATGAGGGAAGA
CTGAAAACAACACAACCTATGGTC
GCCTTTGGATGGACTGACTACTAC
CAGTCGAGTAAACATCACCGATAG
TGATTTTGAGGAACTTACAACGAA
GAAGTATCAGACAACCGCATTCTA
GTCTGCTTGGGTTCTTCAGC
AAGGGAACGTCGGATGAAG
GTTGAATTCTACAAGCACGGTATG
GAGCTACCTGCCATACTACACCTT
ATCGACTTCAGCTATTTCTTCACC
AGTTGAGATCAAGGAGTTTTCCAG
ACTACCAATTCAAGGATCACCTTC

Antisense primer (5'to 3")
GCATCAAGCGCCACCATATAGG
AGGTGCTCTCGTGGGTAGC
GTGTAGCTGGTGGCGTGAG
AGCTTTTGTTGGGGATTGTG
TTCTCGAACAAAATATCGACAAAC
TAATTCCAGCTTGATGGTTCACTA
ATGTTTGTTTCCAAATGGGTACTT
TTTTCGTACGTCATTTTAAACAGC
ACGCGTTGAGCTCTTCAAA
CGAGGTGTGTCCCATTGAC
GGAAGCTATGTATTCCGATGAGAT
CAAGCACCCATACATCAAGTTTAG
TTTGATCCAAGGAAGATACGTTTT
AAACGCTACATCTCTCTCCAACTT
GGATAGATATGCTCATCGTGGAAC
TCAGGACAAACGTAGACGAAATTA
ACATGTAGTTGACTGCAAGGATGT
GTAGGACACAAAGTAGCGCAGATA
GTTCTGATAGATCTCGGCTTTCAT
GGATGCACGAAGATACTACGAAC
TTGTTGTAATTCTCCTGCACAAAT
GAGTTTGACAGAGCCTATCGGTAT
CGTATACCTCACCATGTCAGATTC
GAAGGGTGGCACAGTTATTTATTC
TGACCAGAGAGAAGGATGTTGATA
AATGAAGTGACGTTCGGTTTTATT
AGCTCTCGTTTCATCTTCTTGATT
GTGAAATTTGCTCCTCAAACACTT
AATCTCTGGCGCCATAATAGTAAC
GGTTCACGTAGATGTACTCGTCAC
CATAGTCATACCATTGGTCCAGTC
CACTTCAAAGTGGGTAGCTGAAC
AGATGCATAATGGTCATAATGGTG
ATTCTCGGAAACCTCTCCACTAAC
CTTGTGGGATAGTTTTACCACCTT
GACCAAATGAAGTTATGCCGTACT
AGATTTCAGCCGTGGAGTAGTAGT
TTTCAAGTTGTTCATCACTGGTCT
CGTCACATTGTTCGGATCAC
CCTTGTCCATCAGCCAGAA
CGTAGTAGAAAACGTGGAACAGAG
GAAGAAGTCAAAGTACGTGAGCAG
GTCGGTAGTGTTTAGTACGACGTG
GGGAGTTCTTGTAGTTGAAGGGTA
AGTATGTGACCAACTTGTCAATGG

"Culex quinquefasciatugenome, Johannesburg strain CpipJ1.2, June 2008;
http://cquinquefasciatus.vectorbasg/or
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Appendix 3.2.Lognormal distributions for expressed genes in HAFGmd HAMC§® by

superfamily.
Superfamily* Strain NY  median mean modality kurtosis skewness
(Trans)glycosidases HAmMCq®® 46 1.64 1.60 bimodal -0.51 0.14
HAmMCq®® 45 1.53 1.55 bimodal -0.42 0.29
Acetyl-CoA synthetasdike HAmMCq®® 38 1.17 1.17 unimodal -0.86 -0.31
HAmMCo®® 34 1.16 1.19 unimodal -0.50 -0.17
Acyl-CoA dehydrogenase-C HAmMCo®® 5 154 1.46  unimodal -296  -0.32
terminal domairike HAmMCo®® 5 1.67 1.50 unimodal 406 -2.01
Acyl-CoA N-acyltransferases HAMCo®° 41 1.17 1.18 unimodal -0.70  -0.05
HAmMCo®® 43 1.04 0.95 unimodal -1.04 0.02
ALDH-like HAMC®° 12 181 1.90 bimodal -0.17 0.70
HAMCc8 14 1.82 1.85 unimodal -0.71 0.29
Alkaline phosphataskke HAMCCO 21 1.04 1.13 bimodal -0.07 0.60
HAmMCc8 21 0.86 0.99 bimodal 0.30 1.07
alpha/beteHydrolases HAmMCq®° 109 1.17 1.26  unimodal -0.07 0.54
HAMCc8 98 1.17 1.20 unimodal 0.41 0.70
Ankyrin repeat HAMC®® 85 0.79 0.82 unimodal -0.53 0.29
HAmMC®® 78 0.70 0.73 unimodal -0.38 0.44
Arginase/deacetylase HAMC®® 9 0.69 0.88 unimodal -0.78 0.25
HAmMC®® 7 1.02 0.85 himodal -0.60 -0.90
ARID-like HAMC®® 6 1.12 1.09 unimodal 1.77 -1.05
HAmMC®® 6 0.82 0.74  unimodal 0.04 -1.04
ARM repeat HAMCCO 136 1.22 1.25 unimodal 0.07 0.14
HAMCc8 133 1.03 1.10 unimodal 0.57 0.71
C-type lectinlike HAmMCq®® 33 1.17 1.39 multimodal -1.06 0.40
HAmMCc8 28 1.50 1.41 multimodal -0.72 0.20
C2H2 and C2HC zinc fingers HAMCCO 515 0.71 0.73  unimodal 0.06 0.46
HAmMCq®® 495 0.50 0.56 unimodal 0.55 0.71
Cadherinlike HAMC®° 14 1.07 1.00 unimodal -1.05 -0.10
HAmMCo®® 14 0.80 0.86 hbimodal -0.91 0.49
Calcium ATPase, HAMC®° 14 1.36 1.48 bimodal -0.81 0.33
transmembrane domain M HAmMCo®® 12 1.20 1.47 bimodal 0.75 1.18
CcAMP-binding domainlike HAMC®° 15 0.69 0.81 bimodal -1.49 0.28
HAmMCo®® 14 0.49 0.48 unimodal -1.30 0.35
Chaperone-dlomain HAmMCq®° 20 1.20 1.29 unimodal -0.97 0.12
HAmMCc8 21 1.07 1.02  unimodal 0.10 0.54
Chemosensory protein Csp2 HAmMCq®° 28 181 1.71 bimodal -0.94  -0.20
HAmMCc8 23 1.66 1.64 bimodal -1.52 -0.04
Concanavalin Aike HAmMCq®® 45 0.85 0.95 unimodal 0.58 0.77
lectins/glucanases HAmMCo®® 39 0.73 0.92 unimodal 0.04 0.89
CRAL/TRIO domain HAmMCq®® 48 1.17 1.18 unimodal 0.56 0.54
HAmMCq®® 43 1.08 1.04 unimodal 1.11 0.73
Cysteine proteinases HAmMCq®® 62 1.27 1.31 unimodal 0.37 0.65
HAmMCq®® 60 1.08 1.17 unimodal 0.57 0.76
Cytochrome biike HAmMCq®® 11 150 1.42 unimodal -0.60 -0.35
heme/steroid binding domain HAmMCc8 12 1.17 1.15 bimodal -0.18 -0.51
Cytochrome P450 HAmMCq®° 143 1.10 1.11 unimodal -0.68 0.08
HAmMCc8 136 1.21 1.22  unimodal -0.70 0.20
Di-copper centecontaining HAMCCO 14 213 241 multimodal 1.25 -0.22
domain HAmMCc8 13 3.01 3.06 multimodal -0.91 0.19
DNA/RNA polymerases HAMCCO 11 081 0.89 unimodal 1.07 -0.10
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E set domains

EFhand

EGF/Laminin

F-box domain

FAD-binding domain
FAD/NAD(P)-binding domain
Family A G proteircoupled
receptotlike

Ferritin-like

Fibrinogen Gterminal domain
like

Fibronectin type Ill

Fnl-like domain

FYVE/PHD zinc finger
Galactose mutarotadi&e
Glucocorticoid receptdlike
(DNA-binding domain)
Glutamine synthetase/guanido
kinase

Glutathione Sransferase
(GST), Gterminal comain
Growth factor receptor domain
HAD-like

Histonefold

HLH, helix-loop-helix DNA-
binding domain

HMG-box

Homeodomairike
Immunoglobulin

Insect pheromone/odorant
binding proteins

Invertebrate chitisbinding

L domainlike

Ligand-binding domain in NO

signaling and Golgi transport
Lipocalins

HAmMCo®®
HAMC®
HAMC®
HAMCCO
HAmMC8
HAMCCO
HAmMCc8
HAMCCO
HAmMC8
HAMC
HAMC®
HAMC®
HAMC®
HAMC®
HAMC®
HAMCCO
HAmMCc8
HAMCCO
HAMCc8
HAMCCO
HAmMCc8
HAMC
HAMC®
HAMC®
HAMC®
HAMC®
HAmMCc8
HAMCCO
HAMCc8
HAMCCO
HAmMCc8
HAMCCO
HAMC®
HAMC
HAMC®
HAMC
HAMC®
HAMC
HAmMCc8
HAMCCO
HAmMCc8
HAMCCO
HAmMCc8
HAMC
HAMC®
HAMCEO
HAMCC?
HAMCE°
HAMCC?
HAMCCO
HAmMCc8
HAMCCO
HAmMCc8
HAMCCO
HAmMCc8
HAMCE°

10
51
49
51
48
15
14
19
18

51
48
31
21
14
14
42
38
32
26

32
32

154
147

29
27
11
11
21
22
43
32
32
28
23
23
85
57
61
30
47
39
103
102
102
87

15
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0.69
1.56
1.39
1.19
0.88
0.96
0.49
0.72
0.57
0.36
0.59
1.28
1.15
0.59
0.27
1.69
1.69
0.99
0.94
0.55
0.53
0.95
0.57
1.09
0.76
1.68
1.38
0.85
0.66
1.75
1.56
1.66
1.54
1.18
0.77
1.23
0.97
0.74
0.64
1.19
0.81
0.98
0.60
0.66
0.54
0.54
0.65
0.97
1.00
2.19
2.05
0.97
0.99
1.12
0.70
1.30

0.80
1.74
1.69
1.30
1.24
1.00
0.62
0.76
0.66
0.65
0.90
1.27
1.18
0.56
0.47
1.67
1.79
1.03
0.94
0.64
0.51
0.93
0.80
0.95
0.74
1.36
131
0.87
0.72
1.92
1.99
157
1.52
1.09
0.92
1.26
1.01
0.80
0.70
1.08
0.90
1.06
0.74
0.66
0.57
0.64
0.68
1.14
1.14
2.03
1.87
0.99
1.01
0.99
0.72
1.42

unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
bimodal
bimodal
unimodal
unimodal
unimodal
unimodal
bimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimadal
unimodal
multimodal
multimodal
unimodal
unimodal
bimodal
bimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
bimodal
unimodal
unimodal

-0.25
-0.26
-0.40
-0.40
-0.14
1.73
-1.10
-0.78
1.10
0.93
0.63
-0.20
-0.13
0.96
2.06
-0.02
-1.02
-0.66
-0.65
-0.30
-0.51
0.70
1.47
-0.55
1.24
-0.57
-0.04
0.99
1.54
1.20
2.73
-0.20
-0.96
0.14
-0.35
1.37
1.76
1.28
1.86
-0.64
-0.88
1.80
1.52
-0.52
0.12
-0.53
-0.90
0.01
1.31
-0.44
-0.63
-0.68
0.55
-2.30
-1.82
-0.60

0.84
0.62
0.65
0.60
0.94
0.97
0.58
0.45
1.00
1.32
1.24
-0.03
0.53
0.86
1.50
0.54
0.45
0.41
0.27
0.54
0.46
0.41
1.46
-0.64
0.44
-0.71
0.72
0.63
1.02
1.04
1.69
-0.59
-0.07
0.30
0.88
0.59
0.90
1.01
1.16
0.06
0.33
0.63
0.99
0.35
0.69
0.69
0.32
0.76
1.06
-0.40
-0.38
0.27
0.62
-0.34
0.24
0.25



Lysozymelike
Metallo-dependent hydrolases
Metallo-dependent
phosphatases
Metalloproteases ("zincins")
MFS general transporter
Myosin rod fragments
N-acetylmuramoyl -alanine
amidasdike

NAD(P)-binding Rossmann
NAD(P)-linked oxidoreductase
NAP-like
Neurotransmittegated ion
channel transmembrane pore
Nicotinic receptor ligand
binding domaidike

Nuclear receptor ligantdind
NucleotidediPO4sugar transf
Outer arm dynein light chain 1
P-loop nucleotide hydrolases
PDZ domainlike
Phosphoglycerate mutatike
Phospholipase A2, PLA2
PLC-like phosphodiesterases
PLP-binding barrel
PLP-dependent transferases
PR 1-like

Protein kinasdike (PK-like)
Proton glutamate symporter
Quinoprotein ADHlike

Retrovirus zinc fingetike

Ribonuclease Hike

HAmMCo®®
HAMC®
HAMC®
HAMCCO
HAmMC8
HAMCCO
HAmMCc8
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HAMCq®
HAMC®
HAMC®
HAMC®
HAmMCc8
HAMCCO
HAMCc8
HAMCCO
HAmMCc8
HAMCCO
HAMC®
HAMC
HAMC®
HAMC
HAMC®
HAMC
HAmMCc8
HAMCCO
HAmMCc8
HAMCCO
HAmMCc8
HAMC
HAMC®
HAmMCq®°
HAMCE?
HAMCE°
HAMCC?
HAMCCO
HAmMCc8
HAMCCO
HAmMCc8
HAMCCO
HAmMCc8
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23
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148
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10
119
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44
36
15
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14
13
10
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1.36
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1.41
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1.28
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0.90
1.45
1.23
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0.83
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bimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
multimodal
bimodal
multimodal
bimodal
unimodal
unimodal
unimodal
unimodal
multimodal
bimodal
unimodal
bimodal
unimodal
unimodal
bimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
multimodal
unimodal
unimodal
unimodal
unimodal
bimodal
bimodal
bimodal
bimodal
bimodal
multimodal
bimodal
bimodal
bimodal
unimodal
unimodal
bimodal
unimodal
bimodal
bimodal
unimodal

0.55
3.22
2.67
-0.59
0.02
0.38
0.09
-0.91
-1.01
0.41
0.94
0.88
151
-0.05
0.56
-0.16
0.51
-0.22
0.22
0.22
2.98
0.17
0.00
-0.93
-0.53
-1.57
-0.56
-0.38
-0.01
-0.83
-1.21
1.89
3.57
-0.50
-0.41
0.08
2.17
1.33
4.53
-0.94
1.14
4.16
3.56
-0.52
-0.76
-1.39
-1.91
0.52
0.27
0.51
2.51
0.20
0.12
4.49
3.18
-0.71

-0.05
1.70
-1.43
-0.09
-0.60
0.51
0.63
0.11
0.25
0.42
0.66
-0.20
0.95
1.18
1.33
-0.11
0.22
-0.55
-0.30
0.96
1.36
0.99
1.38
0.66
0.09
-0.21
-0.36
0.50
0.61
-0.18
0.20
0.89
1.41
0.07
0.48
-0.35
1.23
0.29
-1.96
0.10
1.18
2.04
1.86
-0.40
-0.39
0.29
0.32
0.53
0.58
-0.85
1.59
-0.93
-0.53
1.83
0.86
-0.26



RING/U-box
RNA-binding domain
RNI-like
SAM-methyltransferases
Serine protease inhibitors
SET domain

Six-hairpin glycosidases
Sterol carrier protein
Terpenoid cyclases
Thiolaselike
Thioredoxirlike

TPRlike

TRAF domainlike
Translation proteins
Tropomyosin

Trypsintlike serine proteases
Tubulin nucleotidebinding
UBA-like

Ubiquitin-like
UDP-Glycosyltransferase
VWA-like

WD40 repeatike

Winged helix DNAbinding
WW domain
Zn-dependent exopeptidases

™ Carboxylesterases

HAmMCo®®
HAMC®
HAMC®
HAMCCO
HAmMC8
HAMCCO
HAmMCc8
HAMCCO
HAmMC8
HAMC
HAMC®
HAMC®
HAMC®
HAMC®
HAMC®
HAMCCO
HAmMCc8
HAMCCO
HAMCc8
HAMCCO
HAmMCc8
HAMC
HAMC®
HAMC®
HAMC®
HAMC®
HAmMCc8
HAMCCO
HAMCc8
HAMCCO
HAmMCc8
HAMCCO
HAMC®
HAMC
HAMC®
HAMC
HAMC®
HAMC
HAmMCc8
HAMCCO
HAmMCc8
HAMCCO
HAmMCc8
HAMC
HAMC®
HAMCEO
HAMCC?
HAMCE°
HAMCC?
HAMCCO
HAmMCc8
HAMCCO
HAmMC®

27
90
92
131
120

217
205
10
11
11
10
33
32
29
33
13
14
183
173
57
56
10
11
40
41
17
16

0.89
1.12
0.82
1.25
1.01
0.71
0.63
1.14
0.93
2.39
2.55
0.91
0.71
1.46
1.71
3.32
3.40
1.30
1.10
1.73
1.58
1.64
1.52
1.17
1.07
1.00
0.87
0.51
0.92
0.93
0.68
1.22
1.07
1.97
1.80
1.03
1.05
1.42
1.36
1.38
1.08
1.02
0.92
1.06
0.89
1.20
0.92
0.86
0.67
154
154
1
0.71

0.98
1.08
0.83
1.23
1.04
0.73
0.68
1.13
0.93
1.97
2.03
0.82
0.63
1.48
1.64
2.65
2.70
1.13
1.07
1.70
1.58
1.69
1.50
117
1.10
0.88
0.86
1.19
154
1.12
0.92
1.27
1.20
1.90
1.63
1.09
1.01
1.60
1.48
1.29
1.08
1.11
0.96
1.06
0.91
1.26
1.07
0.99
0.64
1.58
1.54
1.12
1.03

unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
bimodal
bimodal
unimodal
unimodal
unimodal
unimodal
bimodal
multimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
bimodal
bimodal
bimodal
bimodal
unimodal
unimodal
multimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
unimodal
bimodal

“Superfamilies fronStructural Clasification of Proteins (v1.73)
YTotal number of genes detected within the superfamily
"unimodal, but shouldered distribution
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-0.39
1.17
0.97

-0.02
0.46

-0.80

-0.78

-0.16
0.26

-2.70
3.08

-1.05

-0.92

-0.06

-0.99

-1.04

-1.12

-1.69

-0.53

-1.03

-1.11
0.62

-0.50
0.17
0.75

-0.17

-1.04
0.03

-1.02
2.29
5.73
0.06
0.18

-1.00

-1.07
2.27

-0.08

-0.22
0.11
0.32

-1.08

-0.86

-0.94
1.901
3.28
0.89
1.41

-0.28
1.01
0.86
0.15

1.19

3.22

-0.37
0.41
0.52

-0.06
0.30
0.18
0.21

-0.18
0.26

-0.59

-1.77

-0.13
0.16

-0.56

-0.01

-0.97

-0.82

-0.86
0.27

-0.14
0.22

-0.40

-0.20

-0.14
0.37

-0.73
0.20
1.15
0.87
1.40
221
0.66
0.85

-0.51

-0.12
0.17
0.42
0.47
0.66

-0.52

-0.09
0.10

-0.15
0.65
1.06
0.55
0.96
0.62
1.11

-0.01

-0.38

0.94
151



"Not a SCOP superfamily classification. Genes were grouped based on Vectorbase annotation as carboxylesterases.
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Appendix 3.3.Complete list of all differentially upregulated gehEsHAMCAE.

General Detailed function Superfamily Gene CpipJ_1.2 annotation HAmMCo®® Fold FPKM
function’ accessiofh FPKM relative to
HAmMC °
Extracellular Cell adhesion C-type lectintlike CP1J000449 galactosespecific Gtype lectin 52.0 38.6
processes
CP1J015401 galactosespecific Gtype lectin 54.1 42.6
CPI1J017075 galactosespecific Gtype lectin 2.2 -
CP1J019507 salivary Gtype lectin 23.8 5.2
Cadherinlike CPID14101 conserved hypothetical protein 56.6 2.7
EGF/Laminin CPI1J014886 conserved hypothetical protein 5.2 4.4
Blood clotting Fibrinogen Gterminal domain CP1J010089 microfibril-associated glycoprotein 4 28.8 2.9
like
CP1J012830 fibrinogen andibronectin 121.8 6.7
CP1J013294 fibrinogen and fibronectin 11.1 -
CP1J015014 conserved hypothetical protein 9.4 8.3
CP1J018159 fibrinogen and fibronectin 15.1 3.8
Cell adhesion Fibronectin type IlI CPI1J000838 conserved hypotheticalotein 2.7 7.6
Fnl-like domain CP1J013195 conserved hypothetical protein 53.0 2.4
RNI-like CP1J002173 conserved hypothetical protein 16.0 3.2
CP1J004947 leucinerich repeatontaining protein 1 58.7 3.5
CP1J011874 predicted protein 1.3 -
CP1J014115 conserved hypothetical protein 10.7 4.0
CP1J014953 membrane glycoprotein LG 10.5 4.0
CP1J016528 conserved hypothetical protein 1.0 -
CPI1J019556 predicted protein 8.9 -
General Protein interaction Ankyrin repeat CPI1J003373 predicted protein 15.5 12.0
CP1J008490 ankyrin repeat domainontaining protein 44 1.3 -
CP1J009398 conserved hypothetical protein 4.6 3.4
General ARM repeat CP1J005388 conserved hypothetical protein 4.0 2.8
EFhand CPI1J00B60 calciumbinding protein 1097.9 4.4
CP1J012250 troponin C 567.7 6.3
CP1J016821 troponin C 497.5 4.5
CPI1J019636 EFhand calciurvbinding domaircontaining 15 -
protein 1
Protein interaction F-box domain CP1J019555 predicted protein 11.4 34.5
Small molecule  FAD-binding domain CP1J001318 d-lactate dehydrognease 2 40.5 2.2
binding
CP1J013647 alkyldihydroxyacetonephosphate synthase 4.3 3.3
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Information

General

Small molecie
binding

CP1J016321
CP1J016322
FAD/NAD(P)-binding domain CP1J007620
CP13J008048

CP1J008445

CPI1J017813
Glutathione Sransferase CP1J002663
(GST), Gterminal domain
CPI1J006160
CPI1J018631
CPI1J000315
CP1J003143
CP1J004946
CPI1J017510
CP1J003802

L domain-like

NAD(P)-binding Rossmann
fold domains
CP1J004379
P-loop containing nucleoside CP1J000853
triphosphate hydrolases
CP1J001520
CP1J003262
CP1J004695
CP1J009034
CP1J009593
CP1J015649
CP1J019948

Protein interaction TPR-like CP1J007346
UBA-like CP1J011358

General Ubiquitin-like CP1J014273
WD40 repeatike CP1J006339

CP1J012294

DNA FYVE/PHD zinc finger CP1J002070

replication/repair

CPI1J011117
Chromatin structureNAP-like CP1J007782
DNA RING/U-box CPI1J000388
replication/repair
Chromatin structureSmc hinge domain CP1J018617
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alkyldihydroxyacetonephosphate synthase
alkyldihydroxyacetonephosphate synthase
choline dehydrogenase

peroxisomal Ndacetylspermine/spermidine
oxidase

amine oxidase

spermineoxidase

glutathione Stransferase-1

glutathione gransferase
glutathiones-transferase theta, gst
conserved hypothetical protein
conserved hypothetical protein
leucinerich repeatcontaining protein 15
conserved hypothetical protein
NADP-dependent leukotriene B4 12
hydroxydehydrogenase

steroid dehydrogenase

myosin heavy chin

multidrug resistancassociated protein 1
zinc finger protein

dyneinl-beta heavy chain

conserved hypothetical protein
conseved hypothetical protein
DNA-binding protein smubj2

myosin vii

TTC27 protein

conserved hypothetical protein
conserved hypothetical protein
receptor of activated protein kinase C 1
conserved hypothetical protein
conserved hypothetical protein

conserved hypothetical protein
nucleosome assembly protein

ubiquitin conjugating enzyme 7 interacting
protein

structural maintenance of chromosomes pr«
3

3.7
3.9
132.3
14.5

21.4
8.8
354.4

173.7
8.3
1.0
14.0
11.0
914.6

169.2

10.5
1750.5

34.6
1.2
1.9

27.0
8.0
1.8
59

37.5

27.9
11
6.9
2.0

66.0
4.3
7.5

17.4

10.4

3.1
3.3
2.9
2.6

2.8
2.7
2.2

2.4
3.7

2.9
2.5
7.3
4.0

12.7
3.8

2.7

2.3
2.3
29
4.0
25
2.7
2.8

53
3.5
4.0

195
3.2
29

2.8



Intra-cellular Transport

processes

Phospholipid m/tr

Proteases

lon m/tr
Transport

Proteases

lon m/tr

Phospholipid m/tr

Transport

Proteases
Cell motility
Proteases

Ammonium transporter CPI1J013531

CRAL/TRIO domain CP1J001321
CP1J003223
CPI1J009746
CP1J014226

Cysteine proteinases CP1J001239

CP1J001240
Ferritin-like CP1J014287
Glycolipid transfer protein  CP1J003328
GLTP
Lipocalins CP1J013296
CPI1J015725

Metallo-dependent CP1J018314
phosphatases
Metalloproteases ("zincins"), CP1J001050
catalytic domain
CPI1J002941
CP1J002942
CP1J002943
CP1J002945
CP1J004086
CP1J006803
CP1J007383
CP1J009106
CP1J012036
MFS general substrate CP1J001774
transporter
CPI1J001812
CPI1J005300
CPI1J005372
CPI1J008813
CP1J014925
PLC:-like phosphodiesterasesCP1J002103
Proton glutamate symport  CP1J000673
protein
Serine protease inhibitors  CP1J012287
Tropomyosin CP1J008188
Trypsinlike serine proteases CP1J000616
CPI1J000617
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ammonium transporter

conserved hypothetical protein
conserved hypothetical protein
conserved hypothetical protein
cellular retinaldehyddinding protein
cathepsin B

cathepsin Bike thiol protease
ferritin heavy chain

conserved hypothetical protein

conserved hypothetical protein
apolipoprotein D
5' nucleotidase

protease ml zinc metalloprotease

high choriolytic enzyme 1

zinc metalloproteinase nd®
conserved hypothetical prate
zinc metalloproteinase dg31
angiotensirconverting enzyme
zinc metalloproteinase nds
endothelinconverting enzyme 1
angiotensirconverting enzyme
aminopeptidase N

synaptic vesicle protein

sugar transporter

sugar transporter

endogenous retrovirus A receptor
sodiumdependent phosphate transporter
solute carrier family 2

conserved hypothetal protein

glutamate transporter

hypothetical protein

conserved hypotheticalotein
clip-domain serine protease
clip-domain serine protease

31.9

1.7
43.4
54.3

838.3
190.2
99.7
202.2
29.9

29.2
457.6
43.6

266.9

273.8
1025.0
202.6
101.1
292.0
22.5
20.1
209.4
30.6
4.9

3.3
29
3.1
4.6
20.7
78.7
22.5

89.0

3.3
23.8
18.1

3.0

2.2
2.6
2.9
9.7
53
4.0
2.5

2.7
4.6
2.8

3.6

3.5
29
4.3
3.8
5.7
4.5
2.5
2.7
3.1
3.4

4.8
9.3
4.4
2.8
2.3
2.4
2.4

4.8
5.4
3.4
3.6



CP1J001979
CP1J002128
CP1J002133
CP1J002135
CPI1J002137
CP1J002139
CP1J002140
CP1J002142
CP1J002156
CP1J003623
CP1J004594
CP1J005272
CP1J006543
CP1J014656
CP1J016102
CP1J018037
CP1J019428

Zn-dependent exopeptidasesCP1J001742

Metabolism Carbohydrate m/tr (Trans)glycosidases

Other enzymes  3-carboxycis,cismucoante
lactonizing enzyme

Acetyl-CoA synthetasdike

CPI1J001743
CP1J001744
CPI1J001745
CP1J009738
CP1J010805
CP1J014110
CP1J002104
CP1J005060
CPI1J005725
CPI1J006166
CP1J008528
CPI1J009306
CP1J013577

CP1J000791
CP1J006459

CPI1J010716

CP1J015088

E- transfer Acyl-CoA dehydrogenase-C CP1J003059
terminal domaidike

Transferases Acyl-CoA N-acyltransferases CP1J011827

(Nat)
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conserved hypothetical protein
mast cell protease 2

trypsin epsilon

trypsin alpha4

serine proteasel/2

HzC4 chymotrypsinogen
chymotrypsin Bl

chymotypsin Bl

chymotrypsin Bl

coagulation factor Xl
conserved hypothetical protein
trypsin 3A1

urokinasetype plasminogen activat
coagulation factor XIlI
transmembrane protease
serine protease

trypsin 2

zinc carboxypeptidase
carboxypeptidase A2

zinc carboxypeptidase

zinc carboxypeptidase
conserved hypothetical protein
carboxypeptidase Al
conserved hypothetical protein
plasma alphd.-fucosidase
alphaamylase B
alphaamylase A

deltamethrin resistanezssociated NYBGBE

glycoside hydrolase
neutral alphaglucosidase ab
seleniumbinding protein 2

conserved hypothetical protein
long-chainfatty-acid-CoA ligase
luciferin 4monooxygenase
4-coumarateCoA ligase 1
acyl-CoA oxidase

conserved hypothetical protein

22.0
94.1
47.8
61.8
122.4
559.8
205.9
5763.6
194.8
15.0
11.0
2.4
84.5
5.8
29.2
15.7
36.9
1751
91.2
195.5
80.8
73.2
180.8
35.1
25.6
3837.1
171.1
98.8
7.6
10.0
164.4

124.8
114.8
31.1
34.2
47.2

18

3.0
16.1
7.9
59
3.4
4.3
3.5
2.8
2.8
7.1
59

8.2
3.3
2.7
3.9
3.4
3.0
54
3.5
7.4
2.3
4.4
2.4
3.4
2.3
3.1
25
3.9
3.7
2.7

2.8
3.5
2.2
2.2
4.0



Redox ALDH -like CP1J009438 aldehyde dehydrogenase 950 2.6
Other enzymes  alpha/beteHydrolases CP1J002715 lipase 3 10.4 3.2
CP1J004222 pancreatic triacylglycerol lipase 1790.9 4.7
CP1J007461 epoxide hydrolase 18.3 2.5
CP1J007824 esterase B1 344 2.2
CP1J008876 Ilysosomal preX carbocypeptidase 901.2 3.4
CP1J016336 esterase B1 32.3 2.2
CP1J019917 triacylglycerol lipase 23.0 2.8
Secondary Concanavalin Alike CPI1J004320 gramnegative bacteri@dinding protein 1 221.8 5.6
metabolism lectins/glucanases
CP1J004323 gramnegative bacteria binding protein 293.4 4.1
CP1J006421 conserved hypothetical protein 8.8 2.5
CP1J013048 conserved hypothetical protein 2.3 -
E- transfer Cytochrome b8ike CP1J004595 cytochrome b5 91.7 2.3
heme/steroid binding domain
CP1J005308 conserved hypothetical protein 1.4 -
Redox Cytochrome P450 CP1J002538 CYP6AG1Z 575.0 3.7
CPIJ005952 CYP6BB# 4.0 2.8
CPIJ005953 CYP6BBF 74.9 2.6
CPIJ005955 CYP6P1#4 126.6 8.2
CPIJ005956 CYP6BZZ 460.1 3.3
CPJ005957 CYPG6AAYF 84.9 6.6
CPIJ005959 CYPG6AAT 98.3 7.3
CPI1J006721 CYP4H37V1 56.7 2.3
CPIJ007188 CYP4H3(? 27.9 2.3
CPIJ008566 CYP6Z15 5.4 3.3
CPIJ009085 CYP6AGLZF 5.9 3.4
CP1J009478 CYP4D42vE 59.5 2.4
CP1J010225 CYP12F14 30.8 3.9
CP1J010227 CYP12F13 67.8 7.1
CPIJ010537 CYP9J45 109.4 4.8
CPI1J010538 CYP9J46 35.3 7.5
CPI1J010542 CYP9J38& 19.6 8.3
CP1J010543 CYP9J4C¢F 297.6 7.2
CP1J010544 CYP9J3F 58.9 3.1
CP1J010546 CYP9J3 £ 50.9 134
CP1J011127 CYP4H34 9.9 2.7
CP1J012470 CYP9ALLE 86.2 9.2
CP1J014218 CYPOMI1O® 771.2 3.7
CP1J015681 CYP4H37vZ 42.8 2.6
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Coenzyme m/tr
Other enzymes

Amino acids m/tr
Other enzymes

Carbohydrate m/tr

Lipid m/tr

Other enzymes

Transferases

Other enzymes
Amino acids m/tr

Transferases
Secondary
metabolism

CPI1J015958
CPI1J017243
CPI1J017244
CP1J020229
Di-copper centreontaining CP1J000056
domain
CP1J001820
CP1J005187
CP1J00637
CPI1J006538
CPI1J007783
CPI1J009032
CPI1J009033
CP1J018824
Dihydropteroate synthetagike CP1J003752
FAH CPI1J017110
Fumarate reductase respingt CP1J004125
complex transmembrane
subunits
Galactose mutarotadie CP1J004867
Glutamine synthetase/guanidCP1J007538
kinase
HydA/Nqo6-like CP1J018869
Invertebrate chitirbinding CP1J014999
proteins
Lipovitellin-phosvith complexCP1J001746
superhelical domain
Lysozymelike CP1J018802
CPI1J019598
N-acetylmuramoyL -alanine CP1J00660
amidasdike
Nucleotidediphosphesugar
transferases
Phosphoglycerate mutaike CP1J014577

CP1J001091

PLP-binding barrel CP1J009094
PLP-dependent transferases CP1J006619
PR-1-like CP1J000211

CP13J004029
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CYP325BCE 2.6

CYP304B4 73.4
CYP304B% 2.7
CYP4D42vZ 38.1
larval serum protein 1 beta chain 5111.7
larval serum protein 2 9964.0
phenoloxidase subunit 1 147.6
larval serum protein 1 beta chain 986.8
larval serum protein 1 beta chain 1170.3
arylphorin subunit alpha 3379.4
larval serum protein 2 574.1
arylphorin subunit C223 47162.3
larval serum protein 1 beta chain 1024.6
ficolin-2 14.8
fumarylacetoacetate hydrolase 46.7
succinate dehydrogenase 10.6
conserved hypothetical protein 4.7
arginine kinase 4762.7
NADH dehydrogenase iresulfur protein 7, 206.2
mitochondrial

conserved hypothetical protein 36.4
conserved hypothetical protein 1918.0
endochitinase A 177.0
basic endochitinase CHB4 77.3
peptidoglycan recognition proteln 4.6
lactosylceramide -4lphagalactosyltransferas 1.1
phosphoglycerate mutase 2 3302
ornithine decarboxylase 1 16.0
cystathionine gammbyase 120.6
cysteinerich secretory prin-2 2.5
venom allergen 5 72.0

8.1
3.8
18.9
2.4
4.9

4.3
2.6
9.7
10.3
2.8
3.3
2.4
7.6
4.1
2.6
13.5

3.2
3.5
2.7
4.9
4.6

2.6
4.0

2.7
3.0
3.4

6.1



Other enzymes  Quinoprotein alcohol CP1J002052 WD repeat protein 61 28.2 2.3
dehydrogenaskke
Carbohydrate m/tr Six-hairpin glycosidases CP1J008853 maltose phosphorylase 53.8 2.2
Coenzymamitr Sterol carrier protein, SCP  CP1J012490 sterol carrier protein 2 12774.9 31
Other enzymes  Thiolaselike CPI1J003495 fatty acid synthase-8cetyltransferase 7.3 2.7
Redox Thioredoxinlike CPI1J018667 NADH dehydrogenase flavoprotein 2, 116.0 2.8
mitochondral
Polysaccharide m/tUDP- CPI1J000226 glucosyl/glucuronosyl transferase 45.1 2.3

Glycosyltransferase/glycoger
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phosphorylase

CP1J003692 glucosyl/glucuronosyl transferase 9.3 4.7
CP1J006508 UDP-glucuronosyltransferase 2B4 58.0 3.5
CP1J015996 ecdysteroid UDRylucosyltransferase 3.2 7.5
Vacuolar ATP synthase suburCP1J002067 vacuolar ATP synthase subunit C 147.7 2.4
not annotated CPIJO00008 chitotriosidasel 64.4 3.7
CP1J000448 conserved hypottical protein 5.4 6.9
CP1J000494 conserved hypothetical protein 1406.6 3.4
CP1J000665 galectin 223.6 3.6
CP1J000852 myosinld 810.6 3.9
CPI1J000905 tetraspanin 58.7 2.4
CPI1J001111 proacrosin 51.7 3.3
CP1J002056 adenylatecyclase type 2 3.5 2.9
CP1J002117 conserved hypothetical protein 71.4 2.3
CPI1J002130 kallikrein-7 23.1 2.4
CP1J002138 chymotrypsinogen 242.3 824.5
CP1J002168 conserved hypothetical protein 43.2 2.7

CP1J002247 elongation factel alpha 2.3 -
CP1J002359 myomesin 30.9 3.2
CP1J002361 sodium/solute symporter 26.5 5.3

CP1J002406 conserved hypothetical protein 2.0 -
CP1J002882 conserved hypothetical protein 7.8 2.5
CP1J003306 conserved hypothetical prate 1.8 12.6
CP1J003317 conserved hypothetical protein 15.2 3.7
CP1J003338 betagalactosidase 101.7 3.8
CP1J003485 cuticle protein 158.6 2.6
CP1J004394 hypothetical protein 677.2 2.5
CP1J004558 conserved hypothetical protein 6.2 22.0

CPI1J004600 oxidoreductase 15 -

CPI1J004927 potassium channel keng 2.0 -



CP1J004976
CP1J005090
CP1J005451
CP1J005479
CP1J005495
CP1J005656
CP1J005841
CPI1J006076
CP1J006150
CP1J006293
CP1J006294
CP1J006393
CP1J006515
CP1J006516
CP1J006542
CP1J006585
CP1J006588

CPI1J007033
CPI1J007035
CPI1J007382
CP1J00A32

CP1J007683
CP1J007721
CP1J007785
CP1J007966
CPI1J008031
CPI1J008110
CPI1J008379
CPI1J008651
CP1J008662
CPI1J008663
CP1J008807
CP1J008858
CP1J008873
CP1J008904
CP1J009556
CP1J009594
CPI1J009609
CPI1J009683
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conserved hypothetical protein
conserved hypothetical protein
lysozyme

hypothetical protein
hypothetical protein
oxidoreductase

angiopoietinl

hypoderminB

Toll9

congrved hypothetical protein
conserved hypothetical protein
conserved hypothetical protein
Toll9

conserved hypothetical protein
chymotrypsin2

glycoprotein

NADH dehydrogenase 1 alpha subcomplex

subunit 6

lipase

lipase

hypothetical protein

sialin

adam

hypothetical protein
conserved hypothetical protein
conserved hypothetical protein
conserved hypothetical protei
conserved hypothetical protein
conserved hypothetical protein
solute carrier family 41
conserved hypothetical protein
conseved hypothetical protein
ficolin-1

conserved hypothetical protein
prolylcarboxypeptidase
alphaglucosidase

serine threoning@rotein kinase
nephrosin

conserved hypothetical protein
translocator protein

54
12.7
141.8
10.1
806.7
58.5
118.2
11.5
30.5
16.5
7.7
6.4
25.6
17.3
64.8
27.6
6.5

112.0
574.2
7.7
6.2
2.5
995.1
143.6
19.0
17.7
15.8
583.6
23.4
7.0
243.3
3.7
38.1
83.0
24.3
4.7
26.2
20.7
106.8

51
3.5
2.2
13.7
2.5
2.8
8.2
17.0
3.0
2.3
2.8

2.5
9.7
19.7
3.5

2.7
3.9

2.6

29
2.3
2.3
25
2.6
2.7
2.7
8.6
2.8

3.2
3.5
2.1

21.7
2.6
2.6



CP1J009726
CP1J009744
CP1J009902
CP1J009929
CP1J010224
CP1J010247
CP1J010305
CP1J010426
CP1J010563
CP1J010641
CP1J010699
CP1J010757
CP1J010759
CP1J010761
CP1J010934
CP1J010987
CPI1J011523
CP1J012458
CP1J012571
CP1J012573
CP1J012574
CP13012700
CP1J012899
CP1J013085
CPJ013319
CP1J013351
CPI1J013355
CPI1J013736
CP1J014184
CPI1J01£236

CP1J014523
CP1J014719
CP1J014892
CP1J015171
CP1J015328
CP1J015823
CP1J015857
CP1J016012
CP1J016374
CPI1J016375
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conserved hypothetical protein
conserved hypotheticakotein
predicted protein

conserved hypothetical protein
metalloproteinase

raw

CHKov1

nucleoporin

conserved hypothetical protein
prostasin

cecropin A

conserved hypothetical protein
conserved hypothetical protein
conserved hypothetical protein
conserved hypothetical protein
conserved hypothetical protein
conserved hypothetical protein

chromatin assemplfactor 1, p18subunit

actin

actin

actin

CHKovl

secreted protein

sarcalumenin
metalloproteinase

hypothetical protein
conserved hypothetical protein
hypothetical protein
conserved hypothetical protein
conserved hypothetical protein
elastase8A

alaserpin

conserved hypothetical protein
hypothetical protein

nesprin

conserved hypothetical protein
NADH dehydrogenase
tryptase2

conserved hypothetical protein
conserved hypothetical protein

29.9
38.3
14.3
14.9
29.4
14.9
60.2
24
2.3
104.0
374.4
325.2
1.4
738.5
252.5
2.5
16.0
8.8
1474.9
4309.3
97.7
5.8
91.7
167.6
132.2
2.0
55.0
1306.7
270.6
11
18.3
202.3
29.5
15
30.5
13
489.7
190.8
32.9
3.7

3.1
2.6
4.8
2.4
2.9
2.7
4.4
12.7

24.2
2.7
3.0

2.8
2.4
3.5
2.8
2.6
4.4
4.8
21
5.8
2.3
2.5
3.5

24
3.1

3.0
2.3
2.4

3.0
2.4

2.2
3.6



Other

Regulation

Unknown function Bactericidal permeability

Viral proteins

DNA-binding

Receptor adtity

DNA-binding

increasing protein, BPI
E set domains

CP1J0bB440

CP1J016762
CP1J016914
CPI1J017076
CPI1J017149
CPIJA7150

CP1J017621
CPIJ017717
CPI1J017730
CP1J018002
CP1J0B092

CP1J018231
CP1J018233
CP1J018544
CP1J018724
CP1J01§91

CP1J018967
CP1J018988
CP13019007
CP1J019029
CPIJOB577

CP13020308

CP1J002744
CP1J018825

Ligand-binding domain in the CP1J004088

NO signalling and Golgi

transport

Retrovirus zinc fingetike

domains

CP1J006202

C2H2 and C2HC zinc fingersCP1J004716

CPI1J009633
CP1J011598
CP1J015936

Chemosensory protein Csp2 CP1J002617
Signal transductionGrowth factor receptor domaiCP1J005087

HLH, helix-loop-helix DNA-

binding domain
Homeodomairike

CP1J018167

CP1J002050
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dihydroceramide delta (4jesaturase
conserved hypothetical protein
hypothetical protein
conserved hypothetical protein
I(2) long form

I(2) long form

conserved hypothetical protein
conserved hypothetical protein
hypothetical protein
conserved hypothetical protein
ryanodine receptor 3, brain
carboxylesterase
carboxylesterase

conserved hypothetical protein
conserved hypothetical protein
conserved hypothetical protein
conserved hypothetical protein
phosphatidylinositol glycan, class ¢
polyserase?

metalloproteinase
alphaactinin

conserved hypothetical protein

conserved hypothetical protein
larval seum protein 1 beta chain
guanylyl cyclase receptor

conserved hypothetical protein

zinc finger protein 266
conserved hypothetical protein
zinc finger protein

hypothetical protein
chemosensory protein 1

cell wall cysteinerich protein

sterolregulatory elememrbinding protein 1

homeobox protein

18.9
1.0
1.6

34.4

57.7

30.0
11

27.3

39.8

33.5
9.5

81.7

5766.3
5.8

70.8

60.3
6.6
15

10.4

181.5
361.7
1742.1

944.9
1061.3
7.5

10.0

3.8
7.6
2.1
2.4
865.9
16.2
39.1

21.7

20.3

51.0
9.4
3.2

3.4
5.5
3.2
3.5
2.3
2.8
2.1

29



Signal transductioninsect pheromone/odorant CPI1J001872 Odorantbinding protein 56a 24.7 5.0
binding proteins
CP1J002108 odorantbinding prdein 17.2 2.7
CPIJ002111 Odorantbinding protein 50d 28.8 4.0
CP1J004145 predicted protein 1.9 -
CP1J009038 odorant binding protein 1 1.8 -
Nicotinic receptor ligand CP1J002436 neuronal acetylcholine receptor suiitalpha2 30.1 2.5
binding domaidike
Nuclear receptor ligand CPI1J010249 retinoid X receptor alpha 24.6 25
binding domain
PDZ domainlike CPI1J015336 DlIg5 protein 4.0 2.6
Kinases/phos Protein kinasdike (PK-like) CPIJ010307 conserved hypothetical gein 31.9 20.3
phatases
CP1J010319 Juvenile hormonénducible protein 12.6 2.7
CP1J010324 conserved hypothetical protein 19.5 4.2
CP1J012702 conserved hypothetical protein 32.8 2.3
CP1J012763 3-phosphoinositidelependent protein kinase 6.3 2.7
RNA binding, m/tr RNA-binding domain, RBD CPI1J001827 conserved hypothetical protein 15 7.8
Signal transductionTRAF domainlike CPI1J001427 conserved hypothetical protein 28.3 2.3
CP1J006152 conserved hypothetical protein 25.9 2.7

“Differentially expressed genes represent those genes that differed in their expression level (FPKM) i®Hbym@ge than two fold when compared to the
parental strain HAMCY.

"SCOP general and detailed functions using the pred@teduinquefasciatusnnotation information available at the Superfamily website (version 1.75)
supfam.cs.bris.ac.uk/SUPERFAMILY/index.html

™ Culex quinguefasciatugenome, Johannesburg strain CpipJ1.2, June 2008; http://cquinquefasciatus.vectorbase.org/

£ Annotations for cytchrome P450 genes were taken from the most current annotation based on: Nelson, DR (2009) The Cytochrome P450 Homepage. Huma
Genomics 4, 5%5: http://drnelson.uthsc.edu/CytochromeP450.html

SNONA: Not annotated
“Fold FPKM relative to HAMCEf indicates tle ratio of the FPKM value in HAmC§ divided by the FPKM value of HAMC§
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Appendix 3.4 List of genes downregulated by at least-faidl in HAMCdf*® when compared to HAmCH

Level of SCOF classification

Downregulatedgenes

General Detailed . Gene .
i . Superfamily - Vectorbaseannotation’
function function Accessiof
Extracellular . . . . . . .
processes Blood clotting FibrinogenC-terminaldomairlike CP1J00086! conservedhypotheticalprotein

Cell adhesionalphacatenin/vinculinlike
C-typelectin-like

Cadherinlike

EGF/Laminin

185

CPI1J00126t fibrinogenandfibronectin
CPI1J00190:t fibrinogenand fibronectin
CP1J00639: fibrinogenandfibronectin
CP1J01289:scabrougprotein

CP1J01328:i fibrinogenandfibronectin
CP1J01454. conservedypotheticalprotein
CP1J01454. conservedypotheticalprotein
CP1J01765" salivaly secretegngiopoietin
CPI1J01783 angiopoietin2

CPI1J01787 fibrinogenandfibronectin
CP1J01874! zincfinger protein
CP1J01885! fibrinogenandfibronectin
CPI1J00577. actinbindingprotein
CP1J00044. galactosespecificC-typelectin
CPI1J00132: galactosespecificC-typelectin
CP1J00460° conservedypotheticaprotein
CPI1J00561! collagenalphal

CPI1J00598: conservedypotheticalprotein
CPI1J00598 conservedypotheticalprotein
CPI1J00609: conservedypotheticalprotein
CP1J01213¢ conservedypotheticalprotein
CP1J01574. conservedypotheticalprotein
CP1J01815: conservedypotheticaprotein
CP1J01735( conservedypotheticaprotein
CP1J01873! conservedypotheticaprotein
CP1J01899! conservedypotheticaprotein
CPI1J01732: conservedypotheticalprotein
CP1J00468: laminin subunitbetal
CP1J00556! neungeniclocusnotch
CP1J00567. conservedypotheticaprotein
CP1J00961. serrateprotein

CP1J00961: serrateprotein



CP1J00980: conservedypotheticaprotein
CP1J01176: conservedypotheticaprotein
CP1J01536. conservedypotheticaprotein
CPI1J01912- conservedypotheticalprotein

FAS1domain CPI1J00383: conservedypotheticalprotein
CP1J00468! conservedypotheticalprotein
Fibronectintypelll CP1J00201" cell adhesiommolecule

CP1J00391.: corservedhypotheticaprotein
CPI1J00412: conservedypotheticalprotein
CP1J00509:. conservedypotheticaprotein
CPI1J00689: myosinlight chainkinase
CP1J00811. cell adhesiormolecule
CP1J00921 roundabout.
CP1J01438: factor for adipocytedifferentiation
CP1J01490¢ hostcell factorC1
CP1J01883! conservedypotheticaprotein
CP1J02025: conservedypotheticaprotein
Fnl-like domain CP1J00509:. conservedypotheticaprotein
CP1J01328! conservd hypotheticaprotein
CP1J01597( conservedypotheticaprotein
CP1J02007: conservedypotheticaprotein
Immunoglobulin CPI1J00391( conservedypotheticalprotein
CP1J00496( conservedypotheticalprotein
CPI1J00729! beatproten
CPI1J00908: conservedypotheticalprotein
CPI1J00995( conservedypotheticalprotein
CP1J01216! conservedypotheticaprotein
CP1J01249¢ conservedypotheticaprotein
CP1J01450: conservedypotheticaprotein
CP1J01530 conservedypotheticaprotein
CP1J01755! defectiveproboscisextensiorresponse
CP1J01808:. conservedypotheticaprotein

IntegrinalphaN-terminaldomain CP1J00525: T-cellimmunomodulatoryrotein
CP1J01732(integrinalphaPS2
RNI-like CP1J00256! f-box/leucinerich repeatprotein

CP1J00340- conservedypotheticaprotein
CP1J00446( tubulin-specificchaperone
CP1J01428: conservedypotheticaprotein
CP1J01503 conservedypotheticaprotein
CPI1D1588¢ f-box/Irr protein,drome
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SEAdomain
SomatomediB domain
Spectrinrepeat

TSP-1typel repeat
VWA -like

Immune

Complementontrolmodule/SCRdomain
response

Tetraspanin

TNF-like
Toxms/defensAhpD_Iike

e
omegatoxin-like
Scorpiontoxin-like
Snaketoxin-like

CP1J01614! predictedprotein

CP1J01614 predictedprotein

CP1J01651 conservedypotheticaprotein
CPI1J01703: conservedypotheticalprotein
CP1J01728: conservedypotheticalprotein
CPIJD1936( predictedprotein

CPI1J01147: conservedypotheticalprotein
CPI1J00070! conservedypotheticalprotein
CP1J00323t conservedypotheticalprotein
CP1J00690 conservedypotheticalprotein
CP1J01143: conservedypotheticalprotein
CPI1J01359: conservedypotheticalprotein
CPI1J00070( conservedypotheticalprotein
CP1J00452: 26Sproteasom@&onATPaseregulatorysubunit4
CPI1J00533 transporiproteinsec23
CP1J00669t integrinbetaPS

CP1J00549:. conservedypotheticaprotein

CP1J00779( conservedypotheticaprotein
CP1J00886! conservedypotheticaprotein
CP1J013901 plateletendotheliatetrasparantigen3
CP1J01725: conservedypotheticalprotein
CP1J01149: conservedypotheticalprotein

CP1J01066! P53regulatedha26nuclearproteinsestrin

CPI1J00095( conservedypotheticalprotein
CP1J01191¢ conservedypotheticaprotein
CP1J01156: 14.5kDa salivarypeptide
CP1J01185: conservedypotheticaprotein
CPI1J01708t activin receptoitypel

General

General ARM repeat

187

CP1J00670: 26Sproteasom@on-AT Paseregulatorysubunitl
CP1J00000: conservedypotheticaprotein

CP1J00073! conservedypotheticaprotein

CP1J00128i conservedypotheticalprotein

CP1J00147i premRNA-splicing factorcwc22

CP1J00418! conservedypotheticaprotein

CP1J00419:. conservedypotheticaprotein

CP1J00461: importin subunitbeta

CP1J00464: cell differentiationproteinrcdl

CPI1J00474 smaugprotein



BRCTdomain
Calponirhomologydomain,CH-domain

Cryptochrome/photolyadeAD-bindingdomain

EF-hand

Kelch motif

L domainlike

188

CP1J00478 FKBP12rapamycincomplexassociategrotein
CP1J00490t armadillorepeatcontainingprotein6
CP1J00613: importinalpha

CPI1J00631 conservedypotheticalprotein

CPI1J00670: 26Sproteasom@on-ATPaseregulatoy subunitl
CPI1J00732: conservedypotheticalprotein

CPI1J00996: stromalantigen

CP1J01039! conservedypotheticalprotein

CPI1J01252: coatomeisubunitgamma

CP1J01281. thyroid hormonereceptorinteractorl?2
CPI1J01310! sarting nexin

CP1J01398: conservedypotheticalprotein

CP1J01467! conservedypotheticalprotein
CP1J01811(conservedypotheticalprotein

CP1J01837! adaptinalpha/gamma/epsilon
CP1J01868: conservedypotheticaprotein

CP1J01970¢ 26Sproteasom@on-AT Paseregulatorysubunit2
CP1J01171(conservedypotheticaprotein

CP1J00323: conservedypotheticaprotein

CP1J00453: microtubulebindingprotein

CPI1JO®540 musclespecificprotein20

CPI1J00397! deoxyribodipyrimidingphotolyase
CP1J00945! DNA photolyase

CP1J01885! cryptochrome2

CPI1J00130 predictedprotein

CP1J00189( consered hypotheticalprotein

CP1J00259: nadphoxidase

CPI1J00430° supercoilingfactor

CP1J00509! voltagedependenp/q type calciumchannel
CP1J00822! conservedypotheticaprotein

CPI1J00935( dynaminassociategrotein

CP1J01a.78 conservedypotheticaprotein

CP1J01225: troponinC

CP1J01581( calciumbinding proteinE63-1

CP1J01581. calciumbinding proteinE63-1

CP1J00098:. actinbinding protein

CP1J01158¢ actinbinding protein

CPI1D1161% conservedypotheticaprotein

CP1J01490! hostcell factor

CPI1J00127: leucinerich transmembranprotein



SpermadhesinCUB domain

Transthyretinsynonym:prealbumin)
Ubiquitin-like

WDA40 repeatlike

189

CP1J00189! conservedypotheticaprotein
CP1J00338! predictedprotein
CP1J00384- leucinerich trangnembranegorotein
CP1J00486! leucinerich transmembranprotein
CP1J00535: conservedypotheticaprotein
CPI1J00682: leucinerich transmembranprotein
CPI1J01178: conservedypotheticalprotein
CP1J01283: conservedypotheticalprotein
CP1J01331(adenylatecyclase
CP1J01385: conservedypotheticaprotein
CPI1J01580: reticulon/nogaeceptor
CP1J01669: rassuppressoproteinl
CP1J01680t leucinerich repeatprotein
CP1J01760: conservedypothetcal protein
CP1J01845: conservedypotheticalprotein
CP1J01887tleucinerich repeatcontainingprotein24
CP1J01962! conservedypotheticaprotein
CP1J01981! conservedypotheticaprotein
CP1J00374: conservedypotheticaprotein
CP1J01561 conservedypotheticaprotein
CP1J01828. conservedypotheticaprotein
CP1J01405 conservedypotheticalprotein
CP1J00238! transcriptionelongationfactor B polypeptide2
CP1J00360- conservedypotheticalprotein
CPI1J00709i ubiquitin-fold modifier 1
CP1J01101¢ pept.idyl_glycinealphaamidatingmonooxygenasé:OOH
terminalinteractorproteinl
CP1J01176! conservedypothdical protein
CP1J01468! conservedypotheticaprotein
CPIJ01916 pep'gidyl_gchinealphaamidatingmonooxygenas@OOH
terminalinteractorproteinl
CP1J00063: conservedypotheticaprotein
CP1J00131- WD repeatproten 46
CP1J00191! WD repeatdomain50
CP1J00219! vesicleassociategbrotein
CP1J00245: WD repeatprotein57
CP1J003091 WD repeatprotein7
CP1J00321: WD repeatprotein51B
CPI1J00360! vacuolarmembraneroteinpepll
CP1J00456: pleiotropicregulatorl



lon binding

Ligand
binding

Amyloid betaa4 proteincopperbindingdomain
(domain2)
ArfGap/RecQlike zincfinger

B-box zinc-bindingdoman
GYF domain

190

CP1J00506° G proteinbetasubunit

CP1J00548( autophagyspecificgenel8
CP1J00609! conservedypotheticaprotein
CP1J00652. conservedypotheticalprotein
CP1J00701: splicingfactor 3B suburit 3
CPI1J00740: guaninenucleotidebinding proteinsubunitbetal
CP1J00922( grouchoprotein

CP1J00939: nucleoporinNup43

CP1J00998! conservedypotheticaprotein
CP1J01047 conservedypotheticaprotein
CPI1J01091! will die slowly

CP1J01103: conservedypotheticalprotein
CP1J01106: WD repeatprotein51A

CP1J01126: cell cycle control proteincwf8
CP1J01132: mediatorcomplex,95kD-subunit
CP1J01139! conservedypotheticaprotein
CP1J01B687 conservedypotheticaprotein
CPI1J01383: WD repeatcontainingproteinsrwl
CPI1J01420" elongatorcomplexprotein?2
CP1J01465" vesicleassociateghrotein
CP1J01500: predictedprotein

CP1J01534 receptoifor activatedprotein kinaseC
CPI1J01535: conservedypotheticalprotein
CP1J01591: conservedypotheticalprotein
CPI1J01700 vesicleassociategrotein
CPI1J01753: serinethreoninekinasereceptorassociategrotein
CPI1J01782! wd-repeatprotein

CP1J01826- will die slowly

CPI1J01876( WD repeatdomainphosphoinositidénteractingprotein?2
CP1J01980: receptoifor activatedproteinkinaseC
CP1J02000¢ wd-repeatprotein

CPI1J00855! conservedypotheticalprotein

CP1J00230! arf GTPaseactivatingprotein
CP1J00895! arf GTPaseactivatingprotein
CP1J01092. conservedypotheticaprotein
CP1J01517! predictedprotein

CP1J00165: conservedypotheticaprotein
CP1J01029( CD2 antigencytoplasmidail-binding protein2



Protein
interaction

Ankyrin repeat

BAG domain
BAR/IMD domainlike

Dimerizationranchoringdomainof cAMP-dependent

PK regulatorysubunit

F-boxdomain

Hemopexinlike domain

HIV integrasebindingdomain
IP3receptottype 1 bindingcore,domain2
POZdomain
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CP1J00012: conservedypotheticaprotein

CP1J00088< DNA-binding proteinrfxank
CP1J00185: conservedypotheticaprotein
CPI1J00270¢ conservedypotheticalprotein
CP1J00477. developmentaproteincactus
CP1J00498. gabinding proteinbetachain
CP1J00692! conservedypotheticalprotein
CP1J00692( phosphatas# regulatorysubunit12b
CP1J00979: conservedypotheticaprotein
CP1J01073: sexdeterminingproteinfem-1
CP1J01352( conservedypotheticalprotein
CP1J01443i sexdeterminingproteinfem-1
CPI1J01593i conservedypotheticalprotein
CPI1J01718: forked protein

CP1J01859! transientreceptompotentialchannel
CPI1J01874-ankyrin2,3/unc44

CP1J00280! conservedypotheticaprotein
CP1J002501 conservedypotheticaprotein
CP1J00710 insulinreceptortyrosinekinasesubstrate
CPI1J01128: isletcell autoantigeri

CP1J01769 endophilinb

CPI1JO@553 predictedprotein

CP1J01594! conservedypotheticalprotein

CPI1J00090¢ conservedypotheticalprotein

CP1J00638! conservedypotheticaprotein

CPI1J01745: transmembranprotein183

CP1J00H428 matrix metalloproteinase

CP1J01085( matrix metalloproteinase

CP1J00309: hepatomaderivedGF

CP1J01221  inositol 1,4,5trisphosphateeceptor
CP1J00236 conservedypotheticaprotein

CP1J00145! ankyrinrepeatandBTB/POZ domairrcontainingprotein2
CP1J00166! BTB/POZdomaincontainingprotein7
CP1J00399( conservedypotheticaprotein

CP1J00501: BTB/POZandKelch domaircontaning protein
CP1J00569! serineenrichedprotein

CPI1J00721" speckletypepozprotein

CP1J00754 conservedypotheticaprotein



SNARElike

SWIB/MDM2 domain

TPRlike

UBA-like

VasodilatorstimulatedphosphoproteinyASP,
tetramerisatiomomain
WW domain

FAD/NAD(P)-bindingdomain

192

CP1J00827: conservedypotheticaprotein
CP1J00939! speckletype pozprotein
CP1J00964: conervedhypotheticaprotein
CP1J01248t conservedypotheticalprotein
CP1J01262¢ conservedypotheticalprotein
CP1J01320t conservedypotheticalprotein
CP1J01336¢ microtubulebindingprotein
CPI1J01362 conservedypotheticalprotein
CP1J01608: conservedypotheticalprotein
CP1J01766: leucinezippetlike transcriptionategulatorl
CP1J01810¢ conservedypotheticalprotein
CP1J01812! conservedypotheticalprotein
CPI1J00950: clathrincoa assemblyproteinAP17
CP1J01328: conservedypotheticalprotein
CP1J01754( coatomersubunitdelta

CP1J01914: brg-1 associatedactor

CP1J01914 brg-1 associatedactor

CP1J00144: eukaryotictranslatio initiation factor 3 subunit
CP1J00203( transmembranand TPRrepeatcontainingprotein
CP1J00379! suppressoof forked

CP1J00440! conservedypotheticaprotein
CPI1J00515( conservedypotheticalprotein
CP1J00824! conservedypotheticalprotein
CPI1J00835! transmembranproteinl/tmemlb
CP1J01092! heatshockprotein70

CPI1J01154« tetratricopeptideepeatdomain21B
CP1J01713: prolyl 4-hydroxylasesubunitalphal
CP1J019071 tetratricopeptideepeatprotein15
CP1J00605! conservedypotheticaprotein
CP1J01149: conservedypotheticaprotein
CPI1J01219: conservedypotheticalprotein

CP1J00470 vasodilaor-stimulatedphosphoprotein

CP1J00028! conservedypotheticaprotein
CP1J00029: conservedypotheticalprotein
CP1J00471. conservedypotheticaprotein
CP1J01370: conservedypotheticaprotein
CP1J01483! conservd hypotheticalprotein
CP1J01907 conservedypotheticaprotein
CP1J00121!alcoholdehydrogenase



CP1J00136" glucosedehydrogenase

CP1J00219! lysine-specifichistonedemethylase

CP1J00264: CDNA sequene

CPI1J00555: thioredoxinreductasd., mitochondrial

CP1J00761! glucosedehydrogenase

CP1J00762! alcoholdehydrogenase

CP1J00958. glucosedehydrogenase

CP1J01062( conservedypotheticalprotein

CP1J01066! rab proteingeranylgeranyltransferassomponenti 1

CP1J01372: dimethylanilinemonooxygenase

CP1J01372! dimethylanilinemonooxygenase

CP1J01748: cholinedehydrogenase

CP1J01748i glucosedehydrogenase

CP1J01749( glucosedehydrogenase

CPI1D17491 glucosedehydrogenase
GlutathioneS-transferas€GST),C-terminaldomain  CP1J00266( glutathiones-transferas¢heta,gst

CP1J00268!( glutathioneS-transferase

CP1J00398i prostaglandirk synthase?

CPI1J01405: glutathiones-transferaseheta,gst

CPI1J01405: glutathiones-transferas¢heta,gst

CP1J01852: prostaglandirk synthase?

CP1J01863:. glutathiones-transferas¢heta
NAD(P)-binding Rossmansfold domains CP1J01676: shortchaindehydrogenase

CP1JO®400 3-hydroxyisobutyratelehydrogenase

CP1J00084: dimericdihydrodioldehydrogenase

CPI1J00305( hydroxysteroiddehydrogenase

CP1J00380: NADP-dependenteukotrieneB4 12-hydroxydehydrogenas

CP1J00383 shortchaindehydrogenase

CP1J00439: fatty acylCoAreductasd

CP1J00439:. fatty acylCoAreductase

CP1J00589:. conservedypotheticaprotein

CP1J00647! 3-hydroxyacylcoadehyrogenase

CP1J00722! 3-ketodihydrosphingosineeductase

CP1J00724. fatty acyl-CoAreductasd

CP1J00724! fatty acylCoAreductasd

CP1J01176" shortchaindehydrogenase

CP1J01321! 3-hydroxybutyratedehydrogenastype 2

CP1J01405! NADP-dependenteukotrieneB4 12-hydroxydehydrogenas

CP1J01412: shortchaindehydrogenase

CP1J01412: dehydrogenase/reductaSBR family member8
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CP1J01458( dimericdihydrodioldehydrogenase
CP1J01567: glyoxylatereductase/hydroxypyruvateductase
CP1J01568! 3-oxoacytacyl-carrierprotein]reductase
CP1J01665! shortchaindehydrogenase
CP1J01665" shortchaindehydrogenase
CP1J01671'alcoholdehydrogenasg
CP1J01677 hydroxyacytcoenzymed dehydrogenasenitochondrial
CPI1J01729 quinoneoxidoreductase
CP1J01771: short-chaindehydrogenase
CP1J01831i shortchaindehydrogenase
CP1J01913 dihydropteridinereductase
CP1J01928: conservedypotheticalprotein
CP1J01936: dehydrogenase/reductaSBR family member8
CP1J01994. conservedypothetcal protein
CP1J01994. conservedypotheticalprotein
CP1J02000! UDP-glucuronicacid decarboxylasé
Nucleotidebindingdomain CPI1J00281 d-aminoacidoxidase
CPI1J00727. d-aminoacid oxidase
CP1J00727. d-aminoacid oxidase
Obg GTP-binding proteinN-terminaldomain CPI1J00591" SpoOBassociatedTP-binding protein
P-loop containingnucleosiddriphosphatéydrolases CP1J01421( conservechypotheticalprotein
CPI1J00031( hepararsulfate2-o-sulfotransferase
CP1J0®320 conservedypotheticalprotein
CPI1J00087: carbohydratesulfotransferase
CP1J00096: chromosomessociatedinesinKIF4A
CPI1J00105i{ ADP-ribosylationfactor
CPI1J00131: multidrugresistanceassociategrotein2
CP1J00138: kinesinlike proteinKIF3A
CP1J00154( abctransporter
CP1J00169! conservedypotheticaprotein
CP1J00170: conservedypotheticaprotein
CP1J00175! conservedypotheticaprotein
CP1J00184. translationinitiation factor IF-2, mitochondrial
CP1J00198i ATP-dependenRNA helicaseA
CP1J00233! ATP-dependenRNA helicaseDDX51
CP1J00315( vesicularfusion proteinNsfl
CP1J00381: cell cycle checkpointproteinradl7
CP1J00393: RNA helicase
CPI1J00393! ATP-dependenRNA helicasep62
CP1J00466! chromodomairhelicaseDNA-binding protein3
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CP1J00498( ATP-binding cassettesub-family A member3
CP1J00516! rasrelatedproteinRab10

CP1J00517: GTP-binding protein

CPI1J00534( ATP-binding cassettéransporter
CPI1J00534: abctransporter

CPI1J00536( GTP-binding proteinyptV1

CP1J00554! conservedypotheticaprotein

CP1J00706- conservedypotheticaprotein

CPI1J00723: translationelongationfactor

CP1J®758€ conservedypotheticaprotein

CPI1J00779! guanylateinase

CPI1J00781: myosiniii

CPI1J00788! abctransporter

CPI1J00810: rasrelatedproteinRab-39B

CP1J00828: canaliculamultispecificorganicaniontransportefl
CP1J008677 conservedypotheticaprotein

CP1J00880t ATP-dependenproteasd.a

CP1J00889. conservedypotheticaprotein

CP1J00898. ATP-dependenRNA helicaseDBP8
CP1J00900! ATP-dependenDNA helicaseMER3
CP1J00906! rasrelakedproteinRab9

CPI1J00908! rasrelatedproteinRab-7

CPI1J00953: conservedypotheticalprotein

CPI1J00999:i transcriptionategulatorATRX

CPI1J01019: rasrelatedprotein

CP1J01081i GTP-binding proteinalphasubunit,gna
CP1J01088¢ origin recognitioncomplexsubunitl
CP1J01099¢ wernerhelicasdanteractingprotein
CPI1J01100: bile saltsulfotransferasé

CPI1J01132¢ GTP:AMP phosphotransferaseitochondrial
CP1J01152: mitochondrial28Sribosomalproten S29
CP1J01156° conservedypotheticaprotein

CP1J01183( serineprotease

CP1J01228- abctransporter

CP1J01236- abctransporter

CP1J01236! ATP-binding cassettesubfamily G memberd
CP1J01251(ATP-dependenRNA helicaseDDX24
CP1J01251: ATP-dependenRNA helicasep62
CPI1J01261: sulfotransferasgé Al

CP1J01262: ATP-dependenRNA helicaseDdx1



CP1J01325( conservedypotheticaprotein

CP1J01339: mitochondrialchaperond8CS1
CP1J01352! corservedhypotheticaprotein

CP1J01387( DNA polymerasdheta

CP1J01403¢ DEAD-box ATP-dependenRNA helicases7
CP1J01414. nucleotidebinding proteinl
CPI1J01415(ATP-binding cassettsubfamily F member3
CP1J01430! conservedypotheticalprotein

CP1J01436: conservedypotheticalprotein

CP1J01444. ATP-binding cassettesubfamily G memberd
CP1J01469: transcriptionategulatorATRX

CPI1J01490: CDC42

CP1J01568:. translationinitiation factorif-2

CP1J01576! myosinvi

CP1J01584! elongationfactortu

CP1J01589: conservedypotheticaprotein

CPI1J01609 peroxisomamembrangrotein70abcd3
CP1J01666: CTPsynthase

CP1J01680! ribosomebiogenesiprotein

CP1J01720:. conservechypotheticaprotein

CP1J01733{ DEAD boxATP-dependenRNA helicase
CP1J01739: conservedypotheticalprotein

CP1J01757( myosinIB heavychain
CP1J01788(ATP-dependenRNA helicase

CP1J01845: chromosomessociatedinesinKIF4A
CP1J01854( hypotheticalprotein

CP1J01919( DEAD boxATP-dependenRNA helicase
CP1J01959: chromosomeransmissiotfidelity proteinl8
CP1J01963: kinesinheavychain

CP1J01964( conservedypotheticaprotein

PEBRlIike CP1J00342¢ brotherof ft andtfl1
CP1J00865: phosphatidylethanolamirginding protein
Information Chromatin NAP-like CP1J01545! nucleosomeassemblyprotein
structure
CP1J01577. nucleosomeassemblyprotein
DNA

replication/refChromodomainlike
air
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CP1J00734( conservedypotheticaprotein

CP1J01435: conservedypotheticaprotein
CP1J01992! conservedypotheticaprotein



(IjD(I)\lrﬁapi)r:)Iymerasdll clamploadersubunits C-terminal CPIJ01785 ATPaseWRNIP1
DNA/RNA polymerases CP1J00735: terminaldeoxycytidyltransferaseevl
CP1J01226( DNA polymerasesubunitgammal, mitochondrial
CPI1J01526( DNA polymerasalphacatalyticsubunit
DNasel-like CP1J00669i typel inositol1,4,5trisphosphat®-phosplatase
CP1J00816. skeletalmuscle/kidneyenrichedinositol 5-phosphatase
CP1J01200t conservedypotheticaprotein
CP1J01998: sphingomyelirphosphodiesterase
FYVE/PHD zinc finger CP1J00188: conservedypotheticaprotein
CPI1J0@025 conservedypotheticalprotein
CPI1J00411¢ zinc finger FYVE domaincontainingprotein28
CPI1J00617( CpG-binding protein
CP1J00923: conservedypotheticalprotein
CPI1J00939t inhibitor of growthprotein3
CP1J01128! fetal dzheimerantigen falz
CPI1J01337tphdfinger protein
CP1J01384 conservedypotheticaprotein
CP1J01428! conservedypotheticaprotein
CP1J01563! conservedypotheticaprotein
CPI1J01670: inhibitor of growthproteinl

His-Me finger endonucleases CP1J00228! deoxyribonucleask

CP1J00643: caspaseactivatednuclease
HRDC-like CP1J00994. conservedypotheticalprotein
Nucleicacid-bindingproteins CPI1J00313( replicationfactorA, 14kD-subunit

CPI1J00458: mitochondrialribosomalproteinS17

CPI1J00520t DNA-directedRNA polymerasel

CP1J00586¢ multisynthetaseomplexauxiliary componenp43
CP1J00669: insectreplicationproteina

CP1J00853! conservedypotheticaprotein

CP1J01929 DNA ligase4

Nudix CP1J01478! mitochondrialribosomalprotein,L46
Restrictionendonucleaséke CP1J01912: conservedypotheticalprotein
RING/U-box CP1J01519: conservedypotheticalprotein

CP1J00116! ubiquitin conjugationfactorE4 A
CP1J00146¢ RING-box proteinla

CP1J00371: E3 ubiquitin-proteinligaseMARCHG6
CP1J00451! conservedypotheticaprotein

CP1J00451! conservedypotheticaprotein

CP1J00502: vacuolarproteinsortingassociategrotein18
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CP1J00505! conservedypotheticaprotein
CP1J00513! peroxisomeassemblyfactor 1
CP1J00603!ring finger protein
CP1J00623: rolling pebbles
CP1J00783: conservedypotheticaprotein
CPI1J01000! RING finger protein126-B
CPI1J01051: hypotheticalprotein
CP1J01057 conservedypotheticaprotein
CPI1J01061: zincfinger protein
CP1J01185¢ E3 ubiquitin-proteinligaseMARCH5
CP1J01280i conservedypotheticalprotein
CP1J01426! zinc andring finger 2
CP1J01541! conservedypotheticalprotein
CP1J01604. autocrinemotility factorreceptor
CP1J01618( conservedypotheticalprotein
CPI1J01679( zincfinger protein
CP1J01737! conservedypotheticaprotein
CP1J01799:. conservechypotheticaprotein
Tudor/PWWP/MBT CPI1J00320: predictedprotein
CP1J00560: conservedypotheticaprotein
CP1J01266- conservedypotheticaprotein
CP1J01403! conservedypotheticalprotein

EPT/RTPClike CPIJ00923< RNA 3-terminalphosphateyclase

Eukaryotictype KH-domain(KH-domaintypel) CP1J00290¢ far upstreanbinding protein
CP1J01041¢ conservedypotheticalprotein
CP1J01063: conservedypotheticaprotein
CPI1J01134¢igf2 mRNA binding protein
CP1J01432: conservedypotheticaprotein
CPI1J01557: heterogeneousuclearribonucleoprotein
CPI1J01810  zincfinger protein

RNA
processing

PAP/OAS1substratebindingdomain CP1J01174«poly apolymerase
CP1J01548i sigmaDNA polymerase
RNaselll domairlike CPI1J00741( ribonucleasdii

CP1J00836: 39SribosomalproteinL44
CPI1J01357!ribonucleassii
Translin CP1J01108¢ translinassociatedactorx
CP1J01109: translinassociatedactor x
betaandbetaprime subunitsof DNA dependenRNA- CP1J00245 DNA-directedRNA polymerasé 135kDa polypeptide

Transcriptia
polymerase
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Translation

CYTH-like phosphatases

occludin/ELL-like

RBP1like subunitsof RNA polymerase
TATA-box binding proteinlike
Anticodon-bindingdomainof a subclas®f classl
aminoacyitRNA synthetases

Classll aaRSABD-related

EFTu/eEFlalpha/elF2ZgammaC-terminaldomain

elF1-like

elF4elike

Elongationfactor TFIIS domain2
Elongationfactor Ts (EFTs), dimerisationdomain
L21p-like

L27 domain

L30elike

L35p-like

L9 N-domainlike
ProkaryoticribosomalproteinL17
Prokaryotictype KH domain(KH-domaintypell)

Releasdactor

RibosomalL11/L12eN-terminaldomain
RibosomalproteinL16p/L10e

RibosomalproteinL20
RibosomalproteinL29 (L29p)
RibosomalproteinL30p/L7e

RibosomalproteinlL.36

199

CP1J01833! DNA-directedRNA polymerasé largestsubunit
CP1J00980! conservedypotheticabproten

CP1J00440: conservedypotheticaprotein

CPI1J00530: DNA-directedRNA polymerasél subunitJ
CPI1J00760( TATA -box-bindingprotein

CPI1J01916:. conservedypotheticalprotein

CPI1J00743 conservedypotheticalprotein
CPI1J01103( conservedypotheticalprotein
CP1J01795: conseved hypotheticalprotein
CP1J00041: elongatiorfactor1 alpha

CPI1J00576. elongationfactor 1-alpha

CP1J00644- elongationfactor 1-alpha

CPI1J00950i elongationfactor 1 alpha

CPI1J00994. densityregulatedorotein

CP1J01349 eukaryotictranslationinitiation factor 1b
CP1J01203: eukaryotictranslationinitiation factor4etype
CP1J01384( conservedypotheticaprotein
CP1J00469: elongatiorfactorts

CP1J01563! 39SribosomalproteinlL21, mitochondrial
CP1J00952' membraneassociateguanylatekinase
CPI1J00581i 13 kDaribonwcleoproteinrassociategrotein
CP1J01913( 39SribosomalproteinL35, mitochondrial
CP1J01328: 39SribosomalproteinL9, mitochondrial
CP1J00893! 39SribosomalproteinL17, mitochordrial
CP1J01340( ribosomalproteinS3

CP1J01601i ribosomalproteinS3

CP1J01918i peptidechainreleasdactor1
CPI1J01367:39SribosomalproteinL11, mitochondrial
CPI1J01299¢ serrateprotein

CP1J00929: 60SribosomalproteinL10

CP1J01707. conservedypotheticaprotein
CP1J01841 conservedypotheticaprotein
CP1J01884 60Sribosomé proteinL10

CP1J01000t 39SribosomalproteinL20, mitochondrial
CP1J01048: hypotheticalprotein

CP1J01157¢ mitochondrialribosomalproteinL30
CP1J01274.60SribosomalproteinL?

CP1J01789! tetratricopeptideepeatprotein,tpr
CPI1J00925" mitochondrialribosomalproteinL.36



RibosomalproteinS10 CP1J01181¢ DedZ-like DEAD-box RNA helicase
CP1J01761 40Sribosomalprotein S20
CP1J01827¢40SribosomalproteinS20
CPI1J01851: 40SribosomalproteinS20

RibosomalproteinS16 CP1J00923 28SribosomalproteinS16
RibosomalproteinS18 CP1J00264- 28SribosomalproteinS18b,mitochondrial
Ribosomalprotein S3 C-terminaldomain CPI1J01542  40SribosomalproteinS3
RibosomalproteinS5domain2-like CP1J00823 40SribosomalproteinS2

CPI1J01310- 40SribosomalproteinS2

CP1J01681: 40SribosomalproteinS2

CP1J01815  exosomecomplexexonucleas®RP46
CP1J01828( conservedypotheticalprotein

RibosomalproteinS6 CPI1J00763: mitochondrial28SribosomalproteinS6
RibosomalproteinsL15p andL18e CP1J01202: 60SribosomalproteinL18
Ribosomanactivatingproteins(RIP) CPI1J00921: conservedypotheticalprotein
Seconddomainof FERM CP1J01757. focal adhesiorkinase

Smtlike ribonucleoproteins CPI1J00558¢ smallnuclearribonucleoproteirSM D3

CPI1J00661( smallnuclearribonucleoproteirassociategroteinB
CPI1J01742: smallnuclearribonucleoproteirE

ThrRS/AlaRScommondomain CP1J01555: alanyHRNA synthetaselomairrcontainingproteinl
'(Ij'(r)?;ilﬁtmnmtlatmn factor2 beta,alF2betaN-term|naICP|J01386( eukaryotictranslationinitiation factor 2 subunitbeta
Translationproteins CPI1J00763: elongationfactor1 alpha

CPI1J00955" elongationfactor 1 alpha

CP1J01567: conservedypotheticalprotein
TranslationproteinsSH3-like domain CPI1J00879( 39SribosomalproteinL2, mitochondrial

CP1J01925  39SribosomalproteinlL19, mitochondrial
Translationamachinerycomponents CP1J00004: 40SribosomalproteinS14

CP1J00048 conservedypotheticaprotein
CPI1J00087! 40SribosomalproteinS14A
CPI1J®248¢€ 40SribosomalproteinS14B
CP1J00287: 40SribosomalproteinS14
CP1J00321(40SribosomalproteinS14-B
CP1J00394. 40SribosomalproteinS14
CP1J00610: 40SribosomalproteinS14A
CP1J00717-40SribosomalproteinS14
CP1J00806° 40SribosomalproteinS14-A
CP1J00928" conservedypotheticaprotein
CPI1J01025: 40SribosomalproteinS14
CP1J01064 predictedprotein
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Zn-bindingribosomalproteins

CP1J01128¢40SribosomalproteinS14
CP1J01169 40SribosomalproteinS141
CP1J01211(40SribosomalproteinS14A
CPI1J01307t40SribosomalproteinS14
CPI1J01380: 40SribosomalproteinS14-2
CPI1J01495¢ 40SribosomalproteinS14A
CP1J01599: conservedypotheticalprotein
CPI1J01659 40SribosomalproteinS14
CPI1J01729. 40SribosomalproteinS14
CP1J01844(40SribosomalproteinS14-B
CP1J01404! 39SribosomalproteinL32, mitochondrial

Intra-cellular Cell cycle,

processes

Apoptosis

Cell motility

CAD & PBldomains

Cell cycleregulatoryproteins
Cullin homologydomain
Cystineknot cytokines

DEATH domain

Inhibitor of apoptosigIAP) repeat
RCC1/BLIRI

Rhodanese/Cetlycle controlphosphatase
Actin depolymerizingproteins
Actin-crosslinkingproteins

DLC

Forminhomology2 domain(FH2 domain)

I/LWEQ domain
Myosinrod fragments
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CP1J00878" conservedypotheticalprotein

CP1J02017! conservedypotheticalprotein
CPI1J00610! cyclin-dependenkinaseregulatorgubunitl
CP1J00398( anaphas@romotingcomplexsubunit2
CPI1J00027: Sptzle2

CP1J00027: sptzle2

CPI1J00175: sptzle3A

CP1J00228: sptzle6

CP1J01274i conservedypotheticaprotein
CPI1J01009: netrinreceptorunc5

CPI1J01050: ankyrin2,3/unc44

CPI1J00691i conservedypotheticalprotein
CP1J01164! hyperplastidiscsprotein

CP1J01529i regulatorof chromosomeondensation
CP1J00166: M-phaseinducerphosphatasg
CP1J01388( heatshockprotein67B2

CP1J00782. glial maturationfactor

CP1J01583! conservedypotheticaprotein
CP1J019501 conservedypotheticaprotein
CPI1J01321: conservedypotheticalprotein
CP1J01562: dyneinlight chainl, cytoplasmielike protein
CP1J01562. predictedprotein

CP1J00313: formin 1,2/cappuccino

CP1J®660¢ conservedypotheticaprotein
CP1J00732. formin 3

CP1J00441( huntingtininteractingprotein
CP1J01452: lavalampprotein

CPI1J01745( mushroonmbodydefectprotein



Outerarmdyneinlight chan 1 CP1J01283: conservedypotheticaprotein
CP1J01567! conservedypotheticaprotein

Tropomyosin CP1J00176: Ofd1 protein
CPI1J00545: M-type 9 protein
Tubulin nucleotidebindingdomainlike CP1J00326. tubulin betachain

CPIJO1550 tubulin alpha2 chain
CPI1J01738: tubulinalphal chain
lon m/tr Band7/SPFHdomain CPI1J00113: erythrocyteband7 integralmembranerotein

CalciumATPase fransmembrandomainM CP1J00188: cationtransportingATPasel3al
CP1J0059@ Na+/K+ATPasealphasubunit
CPI1J00596! conservedypotheticalprotein
CP1J01354. conservedypotheticalprotein

Clc chloridechannel CP1J00493" chloridechannelprotein3

Cupredoxins CPI1J01046( laccasdike multicopperoxidasel
CP1J01224. multicopperoxidase
CP1J01235" multicopperoxidase
CP1J01680: laccasdike multicopperoxidasel
CP1J02000: multicopperoxidase

Ferritin-like CP1J00376. coenzymeyl0biosynthesigprotein
HMA, heavymetatlassociatedlomain CPI1J01563 antioxidantenzyme
MFS generakubstratgransporter CPI1J00076! monocarboxylatéransporter

CPI1J00098i sugartransporter

CPI1J00197( organicaniontransporter

CPI1J00197: solutecarrierorganicaniontransportefamily member3Al
CPI1J00197: organicaniontransporter

CP1J00212: hippocampusibundantl protein
CP1J00217: oligopeptidetransporter

CPI1J00341: UNC93Aprotein

CP1J00361: sugartransporter

CP1J00417 sodiumdependenphosplatetransporter
CP1J00544! glucosetransporter

CPI1J00641 monocarboxylatéransporter

CP1J00743: sodium/phosphateotransporter
CP1J00811" monocarboxylatéransporter

CP1J00811¢ monocarboxylatéransporter

CP1J00827:- mormocarboxylatdransporte

CP1J00834: sugartransporter

CP1J00842- integralmembranegoroteinefflux proteinefpA
CPI1J00894 sugartransporter

CP1J00894i sugartransporter
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CP1J01154. synapticvesicleprotein
CP1J01154: protonrassociatedugartransporte A
CP1J01202: organiccation/carnitingransportet
CPI1J01435¢ organiccationtransporter
CP1J01515! adenylatecyclase
CPI1J01562: cis,cismuconatdransporiproteinMucK
CP1J01563( conservedypotheticalprotein
CP1J01735: adenylatecyclase
CPI1J01747¢ conservedypotheticalprotein
CP1J01846( mfstransporter
CP1J01846. mfstransporter
CP1J01948" organiccationtransporter
CP1J01948:i organiccationtransporter
CPI1J01956: conservedypotheticalprotein
CP1J01982( sugartransporter
Multidrug resistancefflux transporteEmrE CP1J00901: UDP-N-acetylglucosamingransporter
CP1J01040t conservedypotheticaprotein
CP1J01796:. conservedypotheticaprotein
Neurotransmittegatedion-channekransmembranporeCP1J00694! histaminegatedchloridechannekubunit
CP1J00763! conservedypotheticaprotein
CP1J01061( conservedypotheticaprotein
Periplasmidinding protein-like Il CP1J00666° glutamatereceptor
CPI1J00798! porphobilinogerdeaminase
CP1J01082: conservedypotheticalprotein
SETdomain CPI1J00835" conservedypotheticalprotein
CP1J01014: conservedypotheticalprotein
CP1J01351( conservedypotheticaprotein
CP1J01351 conservedypotheticaprotein
CPI1J01397: MII1 protein
CP1J01525: conservedypotheticaprotein
CP1J01665: histonelysine N-methyltransferasSETDB1
CP1J01850: conservedypotheticaprotein
sodiumandchloride-activatedATP-sensitivepotassium
channel
CP1J00074! conservedypotheticaprotein
CP1J00199( conservedypotheticaprotein
CP1J00576! calciumactivatedpotasium channehllphachain
CP1J01084! potassiunthannekubfamilyK member9
CP1J01794! voltageandligand gatedpotassiunthannel
Phospholipid CRAL/TRIO domain CP1J00138! conservedypotheticalprotein

Voltage-gatedpotassiunthannels CP1J00021!
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CP1J00581( CRAL/TRIO domaincontainingprotein
CP1J00851! cellularretinaldehydéinding protein
CP1J00892( tyrosinephosphatase9
CPI1J00957{ CRAL/TRIO domaincontainingprotein
CP1J01346. conservedypotheticalprotein
CP1J01346- conservedypotheticalprotein
CP1J01347. conservedypotheticalprotein
CP1J01359: conservedypotheticalprotein
CP1J01367! cellularretinaldehydéinding protein
CP1J01421 CRAL/TRIO domainrcontainingprotein
CP1J01422! CRAL/TRIO domaircontainhg protein
CP1J01676! gangliosidenduceddifferentiationassociateghrotein
CP1J01818: conservedypotheticalprotein
CP1J01821: CRAL/TRIO domaircontainingprotein

CRAL/TRIO N-terminaldomain CP1J01346! conservedypotheticaprotean
CPI1J01422: CRAL/TRIO domaincontainingprotein
CP1J01818: conservedypotheticaprotein
CP1J01818: conservedypotheticaprotein

Phospholipasa2, PLA2 CP1J00143 phospholipasa?2
CPI1J01115: secretoryPhospholipasa2
CPI1J01115¢ secretoryPhospholipasa2
CPI1J01955 conservedypotheticalprotein

PLC-like phosphodiesterases CPI1J00872: conservedypotheticalprotein
Proteases BPTI-like CP1J00421! conservedypotheticalprotein
ClpP/crotonase CP1J00285 enoytCoA hydratasee CHA12

CPI1J00543! peroxisomaB,2-transenoylCoAisomerase

CP1J00999! methylcrotonoyCoA carboxylaséetachain,mitochondrial

CPI1J01379: cuticleprotein8

CP1J02026:. fatty acid oxidationcomplexsubunitalpha
Creatinase/aminopeptidase CP1J01194! methionineaminopeptidasé@

CP1J02006! methionineaminopeptidas@

CP1J00632. xaaProaminopeptidasé

CP1J01490 xaapro dipeptidase

Cystatin/monellin CP1J00277( cystatinlike protein
CP1J00277: cystatinlike protein
Cysteineproteinases CP1J00013: conservedypotheticaprotein

CP1J00057! oryzaingammachain
CP1J00321¢ ubiquitin carboxyHerminalhydrolase22
CP1J00434 Autophagyspecificprotein
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DPP6N-terminaldomairlike
Elafin-like

HSP40/Dnapeptidebindingdomain
Kazaltype serineproteasénhibitors
LuxS/MPRIlike metallohydrolase

Metallo-dependenphosphatases

Metalloproteaseg'zincins"), catalyticdomain

PMPinhibitors
Proteasepropeptides/inhibitors
Rhomboidlike

Serpins
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CP1J004.64 ubiquitin specificproteinase

CP1J00516! ubiquitin specificproteinase

CP1J00544( conservedypotheticaprotein

CPI1J00700¢ conservedypotheticalprotein

CPI1J01086° conservedypotheticalprotein

CP1J01343t conservedypotheticalprotein

CP1J01429:. ubiquitin specificprotease?

CP1J01468" ubiquitin carboxykterminalhydrolasel4
CP1J01469( conservedypotheticalprotein
CP1J015771OTU domaincontainingprotein6B
CP1J01613- ubiquitin carboxyterminalhydrolase64E
CPI1J00836: DET1 protein

CPI1J00621- salivarycysteinerich peptide

CP1J01987- salivarycysteinerich peptide

CPI1J00689: tumorousmaginaldiscs,mitochondrial
CPI1J01118¢ predictedprotein

CP1J00188( mitochondrialprocessingeptidasalphasubunit
CP1J01957( mitochondrialprocessingeptidasesubunitbeta
CP1J00016! sphingomyelirphosphodiesterase
CP1J00137: serine/threoning@roteinphosphatasé catalyticsubunit
CPI1J00454 lariatdebranchingghzyme

CPI1J00966: purpleacidphosphatase

CPI1J00105: aminopeptidas@, mitochondrial

CP1J00146: conservedypotheticalprotein

CP1J00180i conservedypotheticalprotein

CPIJO0593: ADAM 17

CPI1J00629! proteasanl zinc metalloprotease

CP1J01.458 aminopeptidasél

CP1J01268(ADAM 12

CP1J01338I zinc metalloproteinasaas14

CPI1J01466( proteasanl zinc metalloprotease

CP1J01783( conservedypotheticaprotein

CP1J01099 pacifastinlight chain

CP1J01654 proproteinconvertaseubtilisin/kexintype 4, furin
CP1J00396! stemcell tumor

CP1J01434. conservedypotheticaprotein

CP1J01435( transmembranprotein115

CP1J01537. rhomboidprotein 1, mitochondrial

CPI1J00091! serpinB3

CP1J00522" serineproteaseanhibitor



CP1J01018i conservedypotheticaprotein
CP1J01201! serineproteaseanhibitor, serpin
CP1J01629! serineproteaseanhibitor, serpin
CPI1J01778- serpinB8
Subtilisir-like CPI1J01385: tripeptidylpeptidase
CPI1J01518!( proproteinconvertaseubtilisin/kexintype 4, furin
CP1J01518: proproteinconvertaseubtilisin/kexintype 4, furin
Thyroglobulintype-1 domain CP1J0687 conservedypotheticaprotein
Trypsirtlike serineproteases CP1J00059. coagulatiorfactor XI
CP1J00105! serineprotease
CPI1J00106( coagulatiorfactor Xl
CPI1J00109! serineprotease
CPI1J00110" serineprotease’
CPI1J®1109 serineprotease
CPI1J00198: trypsin5G1
CP1J00249( conservedypotheticaprotein
CP1J00249: conservedypotheticaprotein
CP1J00253: serineprotease
CP1J00403" serineprotease
CPI1J00403: clip-domainserineproteae
CP1J00409: trypsineta
CPI1J00409: coagulatiorfactor Xl
CPI1J00409: serineprotease
CPI1J00409! serineprotease
CPI1J00430: serineprotease
CPI1J00499( serineproteasel/2
CP1J00548!( serineprotease
CPI1J00590:- anionictrypsin-2
CP1J00622! serineprotease
CP1J00654- chymotrypsinoger2
CP1J00656:¢ chymotrypsinl
CP1J00686! mastcell protease3
CP1J00806: conservedypotheticaprotein
CP1J00852. serinetype enodpeptidase
CP1J00856" serineprotease
CP1J00856! serineprotease
CP1J00911: chymotrypsinBlI
CP1J00914. coagulatiorfactor VIl
CP1J00948!( tryptasegamma
CP1J00959: serinetype enodpeptidase
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Protein

Zn-dependenéxopeptidases

ATPasedomainof HSP90chaperone/DNA

modification topoisomeras#/histidine kinase

Chaperong-domain
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CP1J00962: serineprotease

CP1J00979:. conservedypotheticaprotein
CP1J00989! serineproteinasestubble
CP1J00989: serineprotease

CP1J00989:. serineprotease

CP1J00989: serineprotease

CP1J01029 coagulatiorfactor X

CPI1J01061! proclottingenzyme

CPID11477 conservedypotheticalprotein
CP1J01201 serineprotease

CP1J01304: chymotrypsinA

CP1J01304- anionictrypsin

CP1J01336: conservedypotheticalprotein
CP1J013391 urokinasetype plasminogeractivator
CP1J01361(trypsin5

CP1J01540! serineprotease

CP1J01610: serineprotease

CP1J01622( serineprotease

CPI1J01779- 220kDasilk protein

CP1J01779 neurohypophysidhormones
CP1J01779! serineprotease

CPI1J01799( serineprotease/?

CP1J01852 trypsin1

CP1J01903: chymotrypsinBlI

CP1J01929: serineproteasétra2

CP1J01978: trypsin1

CP1J01995: serineprotease

CP1J02011¢ conservedypotheticaprotein
CP1J00117: plasmaglutamatecarboxypeptidase
CP1J00939: zinc carboxypeptidase

CP1J00946! conservedypotheticaprotein
CP1J010801 conservedypotheticaprotein
CP1J01290: glutaminylpeptidecyclotransferase
CP1J01525: zinc carboxypeptidseA 1
CP1J01969! plasmaglutamatecarboxypeptidase
CP1J01989( carboxypeptidasP

CP1J01124" heatshockprotein82

CP1J00792. conservedypotheticaprotein
CP1J00858: DnaJdomaincontainingprotein



Cyclophilin-like

FKBP-like

GroEL equatoriadomainlike

GroESlike

Hect,E3 ligasecatalyticdomain

HSP20like chaperones

Peptidemethioninesulfoxidereductase

Prefoldin

Tubulin chaperoneofactorA
UBC-like
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CP1J01141: M-phasephosphoproteiil

CP1J01772: conservedypotheticaprotein
CP1J01884 mitochondrialproteinimport proteinMAS5
CPI1104991 peptidytprolyl cis-transisomerase
CP1J01194 peptidytprolyl cis-transisomerasd 0
CP1J01659: peptidylprolyl cis-transisomerase
CP1J02006! peptidytprolyl cis-transisomeraseyp8
CPI1J01177° FK506-bindingprotdn 2

CP1J01469: FK506-bindingprotein59

CP1J01495( FK506-binding protein

CP1J01495: conservedypotheticalprotein
CP1J00888! 60 kDa heatshockprotein,mitochondrial
CP1J01878( ribosomalproteinS6

CP1J00084( conservedypotheticalprotein
CPI1J00722i heatshockprotein

CP1J01729( conservedypotheticaprotein
CP1J00491- ubiquitin-proteinligase

CP1J01164« ubiquitin-proteinligase

CP1J01281. conservedypotheticaprotein
CPI1J01782: hecttype E3 ubiquitinligase
CP1J00564. heatshockprotein27

CPI1J00564! heatshockprotein22

CPI1J00734 nuclearmovemeniproteinnudC
CP1J0B743 integrinbetal-binding protein2
CP1J01928: NudCdomaincontainingl

CPI1J01971: chaperonédindingprotein

CP1J00520: peptidemethioninesulfoxidereductasensrA
CP1J01856! peptidemethiorine sulfoxidereductase
CP1J00406: conservedypotheticaprotein
CP1J00888i conservedypotheticaprotein
CPI1J00355¢ tubulin-specificchaperoné\
CP1J00418t ubiquitin-conjugatingenzymemorgue
CP1J00514! ubiquitin-conjugatingenzymeE2 i
CP1J00531f RWD domainrcontainingprotein4A
CP1J00656" ubiquitin-conjugatingenzymeE2-17 kDa
CP1J00740¢ ubiguitin-conjugatingenzymem
CP1J00772( ubiguitin-conjugatingenzyme E2 Q2
CP1J00995! ubiquitin conjugatingenzymeE?2
CP1J01132( Ufm1-conjugatingenzymel
CP1J01352- ubiquitin-conjugatingenzymeE2 g



CP1J01476( nedd8conjugatingenzymence?2

Transport  ABC transportetransmembrangegion CP1J01B59 conservedypotheticaprotein
CP1J01196: multidrugresistancerotein2
Aquaporinlike CP1J01644 aquaporirtransporter
CapGly domain CP1J00354! 150kDa dyneinassociategolypeptide
CBSdomain CP1J00625: AMPK-gammasubunit
ENTH/VHS domain CP1J00045: conservedypotheticaprotein

CP1J00118¢ conservedypotheticalprotein
CP1J00153¢ hepatocytgrowthfactorregulatedyrosinekinasesubstrate
CP1J00209: liquid facets
CP1J01060t( conservedypotheticalprotein
CP1J01298 conservedypotheticalprotein
CP1J01474i conservedypotheticalprotein
CP1J01989 phosphatidylinositebinding clathrinassemblyprotein
Glycolipid transferprotein,GLTP CP1J01082i conservedypotheticalprotein
LDL receptoflike module CP1J00435 conservedypotheticaprotein
CP1J01425: conservedypotheticaprotein
CP1J01634( conservedypotheticaprotein
Lipocalins CPI1J01572 apolipoproteirD
CPI1J01572¢ conservedypotheticalprotein
CPI1J01761! apolipoproteirD
Mitochondrialcarrier CPI1J00225: mitochondrialcarnitine/acylcarnitingarrierprotein
CP1J00647! mitochondrial2-oxoglutarate/malatearrierprotein
CPI1J00125( mitochondrialuncouplingprotein
CPI1J00125" mitochondrialuncouplingprotein
CP1J00594. ADP,ATP carrierprotein2
CP1J00701( peroxisomamembrangroteinpmp34
CPI1J00745: smallcalciumbinding mitochondrialcarrier
CP1J00858( mitochondrialcarrierprotein
CPID1155E mitochondrialcarrierprotein
CP1J01209! mitochondrialcarrierprotein
CP1J01280:. folate carrierprotein
CP1J01368- Mitochondrialglutamatecarrier
CP1J01369 tricarboxylatetransportprotein,mitochondrial
CP1J01647. mitochondrialsolutecarrierprotein
CP1J01647. mitochondrialsolutecarrierprotein
CP1J01983- mitochondrialcarnitine/acylcarnitinearrierprotein
CP1J02018: folate carrierprotein
(l;/lol#]t;di:]ug efflux transporteAcrB transmembrane CP1J00296! conservedypotheticalprotein
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NTF2-like

Nucleoprin domain
Phoshotransferase/anitransportprotein
Preproteirtranslocas&ecYsubunit
Secl/munt8-like (SM) proteins

Seconddomainof Mu2 adaptinsubunit(ap50)of ap2

CP1J01171: conservedypotheticaprotein
CP1J01919! conservedypotheticaprotein
CP1J00199! conservedypotheticaprotein
CP1J00515: nucleartransportfactor2

CPI1J00914: nuclearporecomplexproteinnup214
CP1J00583! sodiumbicarbonatecotransporter
CP1J00296! transporfproteinSec61subunitalpha2
CPI1J00722: vacuolarproteinsortingassociated

CP1J00369" clathrincoatassemblyproteinAP50

adaptor
CPI1J00977(AP-2 complexsubunitmu
SNARE fusioncomplex CPI1J00738 conservediypotheticalprotein
CPI1J00995! conservedypotheticalprotein
CP1J01047: conservedypotheticalprotein
CP1J01168: synaptosomaassociategrotein29
Metabolism Amino acids SRP19 CP1J01213( conservedypotheticaprotein

m/tr
Alanineracemas&€-terminaldomainlike
Arginase/deacetylase

Glutaminase/Asparaginase
L-aspartasdike
PLP-bindingbarrel

CarbohydrateTryptopharsynthaséetasubunitlike PLP-dependent
m/tr enzymes
(Trans)glycosidases

Aldolase
Carbohydratehosphatase
Galactosebindingdomainlike

210

CP1J01068" ornithinedecarboxylase
CP1J01184 histonedeacetylase
CP1J01917: histonedeacetylase
CP1J00868: I-asparaginase
CP1J00270: adenylosuccinatlase
CPI1J00855! ornithinedecarboxylase
CPI1J01068i ornithinedecarboxylase

CPI1J01119" threoninedehydratase/dednase

CPI1J00206! alphagalactosidasa

CPI1J00394- brainchitinaseandchia

CP1J00456- brainchitinaseandchia

CP1J00853: glycoside hydrolase

CP1J01185: CD98hcaminoacidtransporteprotein
CPI1J01213: brainchitinaseandchia

CP1J013471 chitooligosaccharidolytibetaN-acetylglucosaminidase
CP1J01406. glycoside hydrolase

CP1J01562" alphaN-acetylglucosaminidase
CP1J01822: alphaamylaseB

CP1J00600:. deltazaminolevulinic aciddehydratase
CP1J01635! myo inositol monophosphatase
CP1J00383: thioredoxinfamily Trp26

CP1J00882! conservedypotheticaprotein



CP1J01107¢discoidindomainreceptor
CP1J01481. ephreceptortyrosinekinase
HIT-like CP1J00558! histidinetriad proteinmember
Invertebratechitin-binding proteins CP1J01634. conservedypotheticalprotein
CP1J00024i conservedypotheticalprotein
CPI1J00068: obstactorB
CPI1J00395! predictedprotein
CP1J00433: conservedypotheticaprotein
CPI1J00472¢ conservedypotheticalprotein
CP1J00613: conservedypotheticaprotein
CPI1J00731 chitin binding protein
CPI1J00760: conservedypotheticalprotein
CPI1J00766. conservedypotheticalprotein
CPI1J00766. conservediypotheticalprotein
CP1J00846( conservedypotheticalprotein
CP1J00850: conservedypotheticaprotein
CP1J00855: conservedypotheticaprotein
CP1J00907: conservedypotheticaprotein
CP1J00940 conservedypotheticaprotein
CP1J00996! conservedypotheticaprotein
CP1J01148: conservedypotheticaprotein
CP1J01213i conservedypotheticalprotein
CP1J01316 conservediypotheticalprotein
CP1J01266! conservedypotheticalprotein
CP1J01398( conservedypotheticalprotein
CP1J01418( conservedypotheticalprotein
CP1J01419: conservedypotheticaprotein
CP1J01419! conservedypotheticalprotein
CP1J01419 conservedypotheticaprotein
CP1J01426° conservedypotheticaprotein
CP1J01517: conservedypotheticaprotein
CP1J01517: conservedypotheticaprotein
CP1J01573: conservedypotheticaprotein
CP1J01634- conservedypotheticaprotein
CP1J01832: conservedypotheticaprotein
CP1J01832. conservedypotheticaprotein
CP1J01846! conservedypotheticaprotein
CP1J02013i conservedypotheticaprotein
Sevenharpin glycosidases CP1J00660: conservedypotheticalprotein
CP1J00993! mannosyoligosaccharidalphal,2-mannosidase
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Coenzyme
m/tr

Energy

Six-hairpinglycosidases

Activating enzymef the ubiquitin-like proteins

Acyl-CoA dehydrogenas®M domairtlike

Classll aaRSandbiotin synthetases

Glutathionesynthetas@&TP-bindingdomainlike

PCDlike

Peptidedeformylase
S-adenosylmethionindecarboxylase
Substratebindingdomainof HMG-CoA reductase
UROD/MetElike

Cytochromeb5-like heme/steroidindingdomain

Cytochromec oxidasesubunith
FMN-dependennitroreductasdike
Molybdenum cofactorbindingdomain

6-phosphogluconatédehydrogenas€-terminaldomain
like

Citratesynthase
EnolaseC-terminaldomainlike
Mitochondrialcytochromec oxidasesubunitVila
PEPcarboxykinasdike

VacuolarATP synthasesubunitC
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CP1J00885! maltosephosphorylase

CP1J01396. sumal-activatingenzymeEla
CPI1J01655! ubiquitin-activatingenzymeE1
CP1J00821 acylcoadehydrogenase

CP1J01478. isovalerytCoA dehydrogenasenitochondrial
CP1J01645: crotonobetaiyl-CoA dehydrogenase
CP1J01645:. acylcoadehydrogenase

CP1J01645- acylcoadehydrogenase

CP1J01953! aspartyitRNA synthetase

CP1J00118: asparaginytRNA synthetase

CP1J01314! prolyl-tRNA synthetase

CP1J01606" phenylalanytRNA synthetaséetachain
CP1J00328: conservedypotheticalprotein

CP1J00914! phosphoribosylaminglycineligase
CP1J01343( conservedypotheticaprotein

CP1J00671: conservedypotheticaprotein

CP1J01101¢ peptidedeformylasemitochondrial
CP1J00558 s-adenosyimethioninedecarboxylase
CP1J00407 3-hydroxy-3-methylglutarytlcoenzymeA reductase
CP1J01069. uroporphyrinogemecarboxylase
CPI1J00031i cytochromeb5

CP1J01062¢ membraneassociategrogesteonereceptor
CP1J01383: cytochromeb5

CP1J01812( flavohemoproteirB5/b5r

CP1J01222: cytochromec oxidase;subunitVib
CPI1J01217 iodotyrosinedehalogenasg

CP1J01391! xanthinedehydrogenase/oxidase
CP1J01392( aldehydeoxidase

CP1J01392: aldehydeoxidase

CP1J01393: xanthinedehydrogenase/oxidase

CP100842 conservedypotheticalprotein

CP1J01216! conservedypotheticaprotein
CP1J01302: 6-phosphogluconatéehydrogenase
CP1J01986! citratesynthase

CP1J01360f mandelateacemase

CP1J01438: conservedypotheticaprotein
CP1J01051! phosphoenolpyruvatearboxykinase



Lipid m/tr Acyl-CoA bindingprotein
Creatinase/prolidagé-terminaldomain
Lipovitellin-phosvitincomplex,superhelicalomain
Thioesterase/thidsterdehydrasésomerase

YWTD domain

CP1J01970 conservechypotheticaprotein
CP1J01699: xaapro dipeptidase
CP1J00202i conservedypotheticaprotein
CPI1XD0965: conservedypotheticaprotein
CP1J00080¢ low-densitylipoproteinreceptor
CP1J01750 low-densitylipoproteinreceptor
CP1J00355: conservedypotheticaprotein

Nitrogenm/tr RmIC-like cupins
Nucleotide

dUTPasdike
m/tr

Nucleosidehydrolase

CP1J00561( deoxyuridines*-triphosphatenucleotidohydrolase

CP1J00818: inosineuridine preferringnucleosidehydrolase
CP1J01404 inosineuridine preferringnucleosidenydrolase

Nucleotidyltransferase
Nucleotidylyltransferase

PRTasdike
Pseudouridinsynthase

Ribonucleas#i-like

Ribulosephoshatéindingbarrel
SAICAR synthasdike

Tetrahydrobiopterimiosynthesienzymedike

Acetyl-CoA synthetasdike
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CP1J01088( corservedhypotheticalprotein
CPI1J01039: cysteinyltRNA synthetase
CPI1J01052( cysteinyltRNA synthetase
CP1J00452i conservedypotheticalprotein
CP1J00496" uracil phosphoribosyltransferase
CPl01274" uridinecytidinekinasei
CP1J00249! ribosomalpseudouridinesynthase
CP1J014141 conservedypotheticaprotein
CP1J00292i conservedypotheticaprotein
CPI1J00533! ATP-binding cassée transporter
CPI1J00801! conservedypotheticalprotein
CP1J01026" 3-5'exonuclease

CPI1J00810( conservedypotheticalprotein
CPI1J00199: inositol triphosphate3-kinasec
CPIJ00199: inositol triphosphate3-kinasec
CP1J00086. 6-pyruvoyl tetrahydrobiopterirsynthase
CP1J01485 GTPcyclohydrolase

CP1J01848. GTPcyclohydrolase

CP1D00424 AMP dependentoaligase
CP1J00042! shortchainfatty-acid-CoA ligase
CP1J00286° AMP dependentoaligase
CP1J00730: long-chainfatty acidtransportprotein4
CP1J00997{AMP dependentoaligase
CP1J00998: conservedypotheticalprotein
CP1J01160( long-chainfatty-acid coaligase
CP1J01567(4-coumarateCoA ligase3
CP1J01571(4-coumarateCoA ligasel
CPI1J01739(AMP dependenligase
CP1J01815! luciferin 4-monooxygenase



Actin-like ATPasedomain CP1J00448: conservedypotheticaprotein
CP1J00653: conservedypotheticaprotein
CP1J01108: heatshockprotein70 B2
CP1J01108: heatshockprotein70 B2
CP1J01108: heatshockprotein70 B2
CP1J01986¢ heatshock70 kDa protein4

Alkaline phosphataséke CPI1J00126: membrandsoundalkalinephosphatase
CP1J00209! alkalinephosphatase
CP1J00677- arylsulfataseB
CP1J01020: heparam-sulfatase
CP1J01066. conservedypotheticalprotein
CPI1D11047 arylsulfatasédo
CP1J01524: alkalinephosphatase
CPI1J01704. conservedypotheticalprotein

alpha/beteHydrolases CPI1J00036" lysosomalacidlipase
CP1J00103! conservedypotheticaprotein
CPI1J00135: N-myc downstreameguated
CP1J00271!lipasel
CPI1J00272(lysosomalacidlipase
CPI1J00272: lysosomalacidlipase
CPI1J00272: lipasel
CP1J00272: lysosomalacidlipase
CP1J00272( lipase3
CPI1J00406( juvenile hormoneesterase
CPI1J004£26 pancreatidriacylglycerollipase
CP1J00463( paranitrobenzylesterase
CP1J00480: endothelialipase
CP1J00622( conservedypotheticaprotein
CP1J00714: esterasé&E4
CPI1J00742- juvenile hormoneesterase
CPI1J00782! paranitrobenzylesterase
CP1J01099: neuralstemcell-deriveddendriteregulator
CP1J01328( lysosomalPro-X carboxypeptidase
CP1J01372( conservedypotheticaprotein
CP1J01383tlipasel
CP1J01391iesteras®1
CP1J01415: esterasé&E4
CP1J01538! hepatictriacylglycerollipase
CPI1J01555 Sni-specificdiacylglycerollipasealpha
CP1J01875: juvenile hormoneesterase
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Amidasesignaturg(AS) enzymes
Calciumdependenphosphotriesterase
Carbonicanhydrase

Caseirkinasell betasubunit

DHH phosphoesterases

DHS-like NAD/FAD-binding domain
F1ATPasenhibitor, IF1, C-terminaldomain
Folatebindingdomain
Galactosanutarotasdike

Glycosidehydrolase/deacetylase

HAD-like

HD-domain/PDEasdke
Kinaseassociatedlomainl, KA1

LysM domain
Metallo-dependenhydrolases

N-acetylmuramoyl -alanineamidasedike

N-terminalnucleophileaminohydrolase@Ntn
hydrolases)
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CP1J01922 pancreatidriacylglycerollipase
CP1J01922i pancreatidriacylglycerd lipase
CP1J01999! conservedypotheticaprotein
CP1J00559: indoleacetamidéydrolase
CPI1J00336: 0dd Oz protein

CP1J00180° carbonicanhydrase
CP1J01142« carbonicanhydrase
CP1J01153: carbonicanhydrase
CP1J01428( carbonicanhydrase
CP1J01499( caseirkinasell subunitbeta
CPI1J00533{ PRUNEprotein

CP1J00299: deoxyhypusinesynthase
CP1J00050: mitochondrialATPaseinhibitor
CP1J01498. aminomethyltransferaseitochondrial
CP1J01565! lysosomahklphamannosidase
CPI1J01565! lysosomaklphamannosidase
CP1J00631: conservedypotheticaprotein
CP1J00826! conservedypotheticaprotein
CP1J00826° conservedypotheticaprotein
CP1X11808¢ conservedypotheticaprotein
CP1J01012: coppertransportingATPasel
CP1J00869: conservedypotheticalprotein
CP1J01060! conservedypotheticalprotein
CP1J01089¢ conservedypotheticalprotein
CP1J01391: dullard protein

CPI1J00030¢ sam/hddomainprotein
CP1J00618i conservedypotheticaprotein
CP1J01583! conservedypotheticaprotein
CPI1J01341! nucleolarproteinc7b
CP1J00258: Ampd2protein

CP1J00974: N-acetylglucosaminé-phosphateleacetylase

CP1J00655! peptidoglycarnrecognitionproteinla
CP1J00851: peptidoglycarrecognitionproten-1

CP1J00089 proteasomasubunitalphatype 1

CP1J00136: proteasomsubunitbetatype 3
CP1J00358! proteasomasubunitalphatype 3
CP1J00694( proteasomsubunitalphatype 2
CP1J00826: proteasomsubunitbetatype 7
CP1J00986: proteasomeomponenPRE2



NAD kinase
NHL repeat

PeptidyHRNA hydrolasedomainlike

PFL-like glycyl radicalenzymes
Phosphoglyceratmutaselike

Phospholipas®/nuclease

PurM C-terminaldomainlike
Quinoproteinalcoholdehydrogenaskke

Ribokinaselike

SGNHhydrolase

Thiolaselike

Trimeric LpxA-like enzymes
Photosynthes
s
Polysaccharic
em/tr

PRGbarreldomain

DAK1/DegV-like
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CP1J01624. proteasomasubunitbetatype 5,8
CP1J01699 proteasomsubunitbetatype 5,8
CP1J01738! proteasomasubunitbetatype 8

CP1J01772: gammaglutamyltranspeptidase
CP1J019601 asparaginsynthetase

CPI1J00996( sphingosin&inasea, b

CP1J00368! tripartite motif proteintrim2,3

CP1J00368! conservedypotheticaprotein

CP1J00705: immaturecoloncarcinoma

CP1J00599: ribonucleosidediphosphateeductasdarge subunit
CPI1J01600! acid phosphatasé

CPI1J00295! multiple inositol polyphosplatephosphatase
CPI1J00960: phosphoglyceratmutaseamily members
CP1J01124¢ multiple inositol polyphosphat@hosphatasg
CP1J01600( conservedypotheticalprotein

CP1J00621: tyrosytdnaphosphodiesterase

CP1J00979: conservedypotheticaprotein

CP1J00914- phosphoribosylaminglycineligase
CP1J00046! conservedypotheticaprotein

CPI1J00096: kinesinfamily member21A

CP1J00785: receptoifor activatedproteinkinaseC
CP1J01101¢ wd-repeatprotein

CP1J01436: conservedypotheticalprotein

CP1J01980" proliferatiortrinducinggene21

CP1J01110¢ conservedypotheticalprotein

CPI1J011111 conservedypotheticalprotein

CP1J01688: conservedypotheticaprotein

CPI1J02005! pyridoxal kinase

CP1J01174: plateletactivatingfactoracetylhydrolaséB subunitbeta
CP1J01257! phospholipasé

CPI01257¢ phospholipasé

CP1J01257 phospholipasé, plbl

CP1J01688( phospholipasé, plbl

CP1J00234. 3-ketoacytCoAthiolase

CP1J01806! trifunctionalenzymebetasubunit
CP1J00312: dynadin subunit5

CP1J00587: conservedypotheticalprotein

CP1J01445: conservedypotheticaprotein



Redox

Ricin B-like lectins

RuBisCoLSMT C-terminal,substratebindingdomain

Starchbinding domainlike

UDP-Glycosyltransferase/glycogeinosphorylase

2Fe2Sferredoxinlike

CP1J01613: dihydroxyaceton&inase

CP1J00569! polypeptideN-acetylgalactosaminyltransferase
CP1J01464 N-acetylgalactosaminytransferas&
CP1J01787.16.7kDa salivarypeptide

CP1J01826. conservedypotheticalprotein
CPI1J01148¢t NOMO3 protein

CP1J00003¢ UDP-glucuronosyltransferase 3
CP1J00436! glucosyltransferase

CPI1J01041. fucosyltransferas&l

CP1J01320: glycoprotein3-alphaL-fucosyltransferasé
CP1J01433: glucosyl/glucuronosyiransferase
CP1J02026! aldehydeoxidase

Acid phosphatase/VanadiudependenhaloperoxidaseCP1J00360! dolichyldiphosphatasg

ALDH -like

Aromaticaminoacidmonoxygenasesatalyticand

oligomerizationdomains
Cu,Znsuperoxidedismutasdike
CytochromeP450
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CP1J01321 glutamatesemialdehydelehydrogenase
CP1J01415! conservedypotheticaprotein

CP1J000141 superoxidedismutase
CPI1J01885CYP4C502
CPI1J00175CYP4J6
CP1J00175CYP4H39
CPI1J00181/(CPY4AC38
CPIJO0336.CPY6EBY2
CPIJ00337'CYP6EBY3
CPIJO0589'CYPEN26P
CP1J00632"SCOP predicted cytochrome P450
CPI1J00632:CYP307A1
CPI1J00897.CYP6F5P
CPI1J01081ICYP32BC2
CPI1J01635!CYP6AK1delb
CPI1J01684/(CYP6M13
CPI1J01684 CYP6CQ2
CPI1J01684'CYP6M12
CPI1J01685/(CYP6Y4
CPI1J01685:CYPEN21P
CPI1J01685CYP6N22
CPI1J01685/(CYP6N18
CPI1J01724!CYP304B6
CPI1J01735.CYP4C50v1
CPI1J01871(ICYP4C38
CPI1J01970-CYP6N24



FAD-dependenthiol oxidase CP1J01222( augmentenf liver regeneration
FAD/NAD-linked reductasegjimerisation(C-terminal)
domain
Ferredoxinreductasdike, C-terminalNADP-linked
domain
Formate/glyceratdehydrogenaseatalyticdomainlike CP1J00636! conservechypotheticalprotein

CP1J01153: adenosyhomocysteinase
Hemedependenperoxidases CPIJ00317 dualoxidasel

CP1J01674. thyroid peroxidase

CP1J01810! chorionperoxidase
InosinemonophosphatdehydrogenasgMPDH) CP1J01168" inosine5-monophosphatdehydrogenase
Metallo-hydrolase/oxidoreductase CP1J01162: conservedypothetcal protein

CP1J01162! conservedypotheticalprotein

CPI1J01950: hydroxyacylglutathiondaydrolase

CPI1J01950: DNA crosslink repairlA protein
NAD(P)-linked oxidoreductase CPI1J00337- aldo-ketoreductase

CPI1J00339: aldosereducase

CPI1J00372: aldo-ketoreductase

CPI1J01746: aldo-ketoreductase
PHM/PNGasd~ CP1J01420: dopaminebetahydroxylase
Thioredoxinlike CP1J00185! conservedypotheticaprotein

CP1J00308! SCO1,mitochondrial

CPI1J00339! peroxredoxins,prx-1, prx-2, prx-3

CP1J00370! thioredoxin,mitochondrial

CPI1J00398: 15 kDa selenoprotein

CP1J00732 disulfide-isomerasé\6

CP1J00880: conservedypotheticaprotein

CP1J00994( conservedypotheticaprotein

CP1J01061(C NADH-ubiquinoneoxidoreductas®8 subunit

CPI1J01129¢ peroxiredoxinb

CP1J01256¢ phospholipidhydroperoxideglutathioneperoxidasel

CPI1J015341 glutaredoxingrx

CP1J01617! glutaredoxingrx

CP1J01736- endoplasmiceticulum residentprotein

CP1J01762! conservedypotheticalprotein

CP1J00264. apoptosisnducingfactor 1, mitochondrial

CPI1J00357¢ conservedypotheticalprotein

Secondqry Clavaminatesynthasdike CP1J014041 conservedypotheticalprotein
metabolism
CP1J01450 conservedypotheticalprotein
CP1J01709( gammabutyrobetainalioxygenase

CP1J01709: gammabutyrobetainalioxygenase
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CP1J01808: uty-prov protein
Concanavalii\-like lectins/glucanases CP1J00129 keratinocytdectin
CP1J00432; gramnegativebacteriabinding protein
CP1J00468: lamininalphal, 2 chain
CPI1J00491! conservedypotheticalprotein
CP1J00598i conservedypotheticaprotein
CPI1J00659t tripartite motif proteintrim9
CPI1J01217: conservedypotheticalprotein
CP1J01287- kinasec-binding proteinnelll
CP1J.3642 conservedypotheticaprotein
CP1J01612: conservedypotheticalprotein

Hom(}ollgomencflavm—conta|nmgCy:sdecarboxylaseCPI 101981! phosphopantothenoylcysteidecarboxylase

HFCD
Terpenoidsynthases CPI1J00808! conservedypothdical protein
CP1J01630¢ candidatdéumor suppressoprotein
CP1J01631( candidatdumor suppressoprotein
CP1J01631: decaprenydiphosphatesynthasesubunit2
Transferases 4-phosphopantetheinytansferase CPI1J01141¢taminoadipatesemaldehydedehydrogenase
Acyl-CoA N-acyltransferase@\at) CP1J00041. conservedypotheticaprotein
CP1J00134. histoneacetyltransferastype B catalyticsubunit
CP1J00839: N-acetyltransferasg
CPI1J01039( conservedypotheticalprotein
CP1J01293( conservedypotheticalprotein
CP1J01528: dopamineN acetyltransferase
CP1J01598: N-acetyltransferasseparatioranxiety
Classl glutamineamidotransferaskke CP1J00693( gammaglutamyl hydrolase
CoA-dependenagyltransferases CPI1J00160¢ cholineO-acetyltransferase
CP1J00561. carnitineo-acyltransferase
Formyltransferase CP1J00914. phosphoribosylglycinamidirmyltransferase
Glycerol3-phosphatél)-acyltransferase CP1J00413i 1-acytsnglycerol3-phosphatacyltransferase
CP1J00414: 1-acyksnglycerol3-phosphatecyltransferasbeta
CP1J01393! glycerol3-phosphatacyltransferase
CP1J01596! transmembranprotein68
Homocysteines-methyltransferase CP1J00886! homocystein&-methyltransferase
MIR domain CP1J01625! probableER retainedprotein
NagB/RpiA/CoAtransferasdike CP1J00425! ribose5-phosphatésomerase

CP1J00516. conservedypotheticaprotein
CP1J00691! translationinitiation factor 2b, deltasubunit
CP1J00807: glucosamines-phosphatésomerase
CP1J01193: conservedypotheticaprotein
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Nucleotidediphosphesugartransferases

PLP-dependentransferases

Prokin prenylyltransferase

CP1J00317: UDP-n-acteylglucosaminpyrophosphorylase

CP1J00025 conservedypotheticaprotein

CP1J00265( dolicholphosphatenannosyltransferase

CP1J00431! galactosylgalactosylxylosylproteBibeta
glucuronosyltransferade

CPI1J00522¢ N-acetylgalactosaminytransferas®

CP1J01281! mannosel-phosphatguanyltransferase

CPI1JA625E chitin synthase

CPI1J01870: betal,3-galactosyltransferaden

CP1J00352. cysteinedesulfurasemitochondrial

CP1J01003: glutamatedecarboxylase

CPI1J01330 aromatieL-amino-aciddecarboxylase

CPI1J00582( geranylgeranytransferasg¢ype-2 alphasubunit

CPI1J01755 smileprotein

S-adenosylL-methioninedependeninethyltransferaseCP1J00115: HemK methyltransferastamily member2

CPI1J00133(ribosomalRNA large subunitmethyltransferasé
CP1J00140: histoneargininemethyltransferas€EARM1
CP1J00157¢ conservedypotheticaprotein

CP1J00504. conservedypotheticaprotein

CP1J00693. conservedypotheticaprotein

CPI1J00723: AdoMet-dependentRNA methyltransferasspbl
CP1J00897: conservedypotheticalprotein

CP1J01000: tRNA methyltransferase

CPI1J01091! argininen-methyltransferase

CP1J01355{ 23SrRNA methyltransferase

CP1J01665. HemK methyltransferasfamily memberl
CP1J01814. conservedypotheticaprotein

Regulation
DNA-binding AlbA-like
ANZ1-like Zinc finger

ARID-like
ATP-dependenDNA ligaseDNA-bindingdomain
Bromodomain

C2H2andC2HCzincfingers
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CP1J00924- conservedypotheticaprotein
CP1J01056! conservedypotheticaprotein
CPI1J00270" zincfinger protein

CPIJ00278: AN1-typezincfinger protein2B
CP1J00813: receptoifor activatedproteinkinaseC
CP1J01728( conservedypotheticaprotein
CP1J00794( conservedypotheticabroten
CP1J01261. conservedypotheticaprotein
CP1J01881i conservedypotheticaprotein
CP1J00040! conservedypotheticalprotein
CP1J00091: zincfinger protein383
CP1J00102! serendipitylocusproteindelta
CPI1J00130t zinc finger protein780B
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CP1J00147: transcriptionfactorhamlet
CP1J00147: conservedypotheticaprotein
CP1J00155: conservedypotheticaprotein
CP1J00198! conservedypotheticalprotein
CPI1J00270! zinc finger protein90
CP1J00282- predictedprotein

CP1J00293: conservedypotheticalprotein
CPI1J00327( broadcomplexcoreprotein
CP1J00360! Sp5transcriptionfactor
CP1J00366° zinc finger protein141
CPIJO0374'tRNA dela

CPI1J00379( conservedypotheticalprotein
CP1J00425" zinc finger-containingprotein
CPI1J00435: zinc finger protein92
CP1J00438: zinc finger protein
CPI1J00466" zinc finger protein
CP1J00478! conservedypotheticaprotein
CP1J00496. conservedypotheticaprotein
CP1J00517! transcriptionfactorsp8,sp9
CPI1J00550: zinc finger protein36
CPI1J00581.: zinc finger protein
CPI1J00581.: zinc finger protein
CPI1J00638! conservedypotheticalprotein
CP1J00676! conservediypotheticalprotein
CPI1J00685: conservedypotheticalprotein
CPI1J00685! zinc finger protein
CPI1J00783" zincfinger protein
CP1J00785: conservedypotheticaprotein
CP1J00806! conservedypotheical protein
CP1J00829 conservedypotheticaprotein
CP1J00836: doublestrandedRNA-bindingproteinzn72d
CP1J00854! conservedypotheticaprotein
CP1J00869! conservedypotheticaprotein
CP1J00940! conservedypotheticaprotein
CP1J00950: zinc finger protein
CP1J00950:. zinc finger protein583
CP1J00952- forkheadbox protein
CP1J00964 conservedypotheticaprotein
CPI1J00978!( zincfinger protein 75A
CPI1J00978!( zinc finger protein
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CP1J00978" zincfinger protein582
CP1J00998! zinc finger protein
CP1J00999! zinc finger protein
CP1J01055: predictedprotein

CP1J01065: conservedypotheticalprotein
CP1J01085( conservedypotheticalprotein
CPI1J01101! conservedypotheticalprotein
CPI1J01116¢ zincfinger protein
CPI1J01178¢ conservedypotheticalprotein
CP1J01203! conservedypotheticaprotein
CPI1J01253! zinc finger protein
CP1J01259: predictedprotein

CPI1J01261( zinc finger protein38
CP1J01306: zinc finger protein
CP1J01311¢ conservedypotheticalprotein
CP1J013241 conservedypotheticaprotein
CP1J01365:. conservedypotheticaprotein
CP1J01402¢ conservedypotheticaprotein
CP1J01403! conservedypotheticaprotein
CP1J01413! conservedypotheticaprotein
CPI1J01471: zincfinger protein
CP1J01471: krueppelprotein

CP1J01471: zincfinger protein
CP1J01471! zincfinger protein
CP1J01500t zinc finger protein250
CP1J01526! zinc finger protein345
CPI1J01526" zincfinger proteinZNF780A
CP1J01542! conservedypotheticaprotein
CPI1J01557¢ hypotheticalprotein
CP1J01557! conservedypotheticaprotein
CP1J01558: conservedypotheticaprotein
CP1J01672! conservedypotheticaprotein
CP1J01672( conservedypotheticaprotein
CP1J01686:. conservedypotheticalprotein
CP1J01694. conservedypotheticaprotein
CP1J01694- conservedypaheticalprotein
CP1J01703! zincfinger protein141
CP1J01714: conservedypotheticaprotein
CP1J01714. conservedypotheticaprotein
CP1J01725! predictedprotein



CP1J01727¢ zincfinger protein436
CP1J01735! conservedypotheticaprotein
CP1J01765: conservedypotheticaprotein
CPI1J01775!t conservedypotheticalprotein
CP1J01807- conservedypotheticalprotein
CP1J01833t conservedypotheticalprotein
CP1J01842: zincfinger protein
CP1J01844 transcriptionfactor btd
CP1J01850! zinc finger transcriptionfactor
CP1J01918: U1 smallnuclearribonucleoproteirC
CP1J01941 zincfinger protein322A
CP1J01962: conservedypotheticalprotein
CP1J01971(conservd hypotheticalprotein
CP1J01977! conservedypotheticalprotein
CPI1J02020° zinc finger protein36

CCCHzincfinger CP1J01873: conservedypotheticalprotein
CSLzincfinger CP1J00128: conservedypotheticalprotein
Cyclin-like CPIJ00684: transcriptioninitiation factor TFIIB

CP1J01093! conservedypotheticaprotein
CPI1J01291:cyclin T
CPI1J01356( cyclina
CP1J01356 cyclina
Cysteinerich DNA bindingdomain,(DM domain) CPI1J00405" malespecificdoublesexprotein
DNA-bindingdomain CPI1J00460t phdfingerdomain
Glucocorticoidreceptotlike (DNA-bindingdomain)  CP1J00237 elongationfactor 1-alpha
CP1J00254 conservedypotheticalprotein
CP1J00280: conservedypotheticaprotein
CP1J00281: conservedypotheticaprotein
CP1J00591.: conservedypotheticaprotein
CP1J00667: malatedehydrogenase
CP1J00668: predictedprotein
CP1J00683( conservedypotheticaprotein
CP1J00734! zincfinger protein225
CP1J00770: predictedprotein
CP1J00821( nuclearhormonereceptorftz-f1
CP1J00834{ GATA transcriptionfactor GATAd
CP1J00868: hypotheticalprotein
CP1J00929 conservedypotheticalprotein
CP1J00929: conservedypotheticaprotein
CP1J00929! four anda half lim domains
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CP1J01010t conservedypotheticaprotein
CP1J01040: conservedypotheticaprotein
CP1J01086! conservedypotheticaprotein
CP1J01168: conservedypotheticalprotein
CPID1174%Z conservedypotheticalprotein
CP1J01218t epsilontrimethyllysine2-oxoglutaratedioxygenase
CP1J01258t predictedprotein
CPI1J01361: conservedypotheticalprotein
CPI1J01402 conservedypotheticalprotein
CP1J01408( conservechypotheticaprotein
CP1J01459: predictedprotein
CP1J01603: GATA-bindingfactorC
CP1J01662: conservedypotheticalprotein
CP1J01754 conservedypotheticalprotein
CP1J01886: retinoicacidreceptoibeta
Histonefold CP1J00139¢ transcriptioninitiation factor TFIID subunit9
CPI1J00849:- histoneh2a
CP1J01088: conservedypotheticaprotein
CP1J01177¢transcriptioninitiation factor TFIID subunit12
CP1J01476! histonel
CPI1J01718" histoneH3.3type2
CPI1J01727( suppressoof ty3
CP1J01890( conservedypotheticalprotein

HIT/MYND zincfingerlike CP1J01443: predictedprotein
CP1J01758 conservedypotheticalprotein
HLH, helix-loop-helix DNA-bindingdomain CP100233: conservedypotheticalprotein

CP1J00340¢ enhancepf split mgammaprotein
CP1J00701! conservedypotheticaprotein
CP1J00812( conservedypotheticaprotein
CP1J01282 conservedypotheticaprotein
CP1J01508( conseved hypotheticaprotein
CPI1J01547. maxbinding protein

HMG-box CP1J00199 conservedypotheticaprotein
CP1J00508: coiled-coil domairrcontainingprotein124
CP1J00639! conservedypotheticaprotein
CP1J01220: capicuaproten
CP1J01442. conservedypotheticaprotein
CP1J01442. conservedypotheticaprotein
CP1J01765! conservedypotheticaprotein

Homeodomaidike CP1J00102: homeoboxproteinabdominalB
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CP1J00281! conservedypotheticaprotein
CP1J00537! metastasiassociategrotein3
CP1J00582 predictedprotein
CP1J00638: pairedbox proteinpax6
CPI1J00639( pairedbox proteinPax6
CP1J00803 homeoboxproteinextradenticle
CPI1J00998: restcorepressoproten
CP1J01022( segmentatiompolarity homeoboxproteinengrailed
CP1J01208( conservedypotheticalprotein
CP1J01278: zincfinger proteinl
CP1J01466! predictedprotein
CP1J01588! homeoboxprotein
CPI1J01715: conservedypoteticalprotein
CPI1J01721- mesodernminductionearlyresponseroteinl
CP1J01946( hypotheticalprotein
Insertsubdomairof RNA polymeraselphasubunit ~ CP1J00312: DNA-directedRNA polymerasé 40 kDa polypeptide

Kix domainof CBP (crebbindingprotein) CP1J00554( conservedypotheticaprotein

lambdarepressotike DNA-bindingdomains CP1J00398t multiproteinbridging factor
CP1J01452( conservedypotheticaprotein

Leucinezipperdomain CPI1J00326( CCAAT/enhancebindingprotein

CP1J00376° conservedypotheticaprotein
CPI1J00380! cyclic-AMP responselementbinding protein
CP1J01217i ovary C/EBPgtranscriptionfactor
CP1J01492( pardomainprotein
CP1J01694: conservedypotheticalprotein
p53like transcriptiorfactors CP1J00043: conservedypotheticalprotein
CP1J00043: T-box proteinH15
CP1J00072: conservedypotheticaprotein
CP1J00276: conservedypotheticaprotein
CP1J00773i T-box proteinH15
CP1J01646! signaltransduceandactivatorof transcription
Periplasmidindingproteirtlike | CP1J01008: atrial natriureticpeptidereceptor
CP1J01959! glutamatereceptorjonotropickainatel, 2, 3
CP1J02004( conservedypotheticaprotein

Puative DNA-bindingdomain CP1J00058! ladybird homeoboxcorepressor
CP1J00097i transformingprotein Ski

RPB6/omegaubunitlike CP1J01844. DNA-directedRNA polymerasel

SAM/Pointeddomain CP1J00084! conservedypotheticaprotein

CP1J0®@860 conservedypotheticaprotein
CP1J00901( conservedypotheticaprotein
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CP1J01775 conservedypotheticaprotein

SAPdomain CP1J00751: conservedypotheticaprotein
SMAD MH1 domain CPI1J00952( nuclearfactori
SMAD/FHA domain CPI1J00027- conservedypotheticalprotein

CP1J00646- nuclearinhibitor of proteinphosphatasg#

CP1J00683- kinesinlike proteinKIF1B

CPI1J00951( conservedypotheticalprotein
SRFlike CP1J00833! conservedypotheticalprotein

CP1J01645! conservedypotheticalprotein
Tim10-like CPIJ018051_|_r1i1rirt]<£);%hondrialimportinnermembranaranslocasesubunit

CPIJ01038:_I_r’inrirt]cl)((:)hondrialimport innermembrandranslocassubunit
mitochondrialinner menbraneproteintranslocase9kD-
subunit
mitochondrialinnermembrangroteintranslocase8kD-
subunit

CPIJ01821:SnJigﬁcr:lrilondrialinnermembraneproteintranslocase],SkD
Wingedhelix DNA-bindingdomain CPI1J00168( DNA-binding proteinD-ELG

CP1J00171: conservedypotheticaprotein

CPI1J00306: conservedypotheticalprotein

CP1J00392: conservedypotheticalprotein

CPI1J00401: rfx transcriptionfactor

CPI1J00952: conservedypotheticalprotein

CP1J01029: vacuolamproteinsortingassociategrotein25

CPI1J01347! transcriptioninitiation factor lIE subunitbeta

CP1J01472( etsDNA-binding proteinpokkuri

CP1J01597: 26Sproteasom@on-ATPaseregulatorysubunitll

CP1J01084t

CP1J01805:

EQ;SS:SS/DhOS(Phosphotyrosinprotein)phosphataseH; CP1J01845t slingshotdual specificity phosphatase
CP1J01955! phosphatasglingshot
CP1J00196! tyrosinephosphatasprl
CP1J00375" tyrosinephosphatasmitochondriall
CP1J00801 dualspecificity proteinphosphatase
CP1J00880: conservedypotheticaprotein
CP1J00940:! testis/seletalmuscledual specifictyphosphatase
CP1J01197¢tyrosinephosphataseionreceptortypentl
CP1J01341(tyrosineproteinphosphataskar
CP1J01489! tyrosinephosphatasell
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CP1J01829! tryrosinephosphatase

FAT domainof focal adhesiorkinase CPI1J01757: focal adhesiorkinase

GHMP Kinase,C-terminaldomain CP1J01518! conservedypotheticaprotein

Myosin phosphatseinhibitor 17kDaprotein,CPI-17  CP1J00435( conservechypotheticalprotein
Phosphotyrosingroteinphosphatases CP1J00829: low molecularweightphosphotyrosin@roteinphosphatas#
PP2Clike CP1J01225! pyruvatedehydrogenase

Proteinkinaselike (PK-like) CP1J01027! map/microtubuleffinity-regulatingkinase2,4

CP1J00027(tyrosinekinase

CP1J00028:i serine/threoning@roteinkinase3

CP1J00081! kinaseprotein

CPI1J00083: tyrosineproteinkinasebtk29a

CPI1J00084 cell division proteinkinase8

CPI1J00115! cell division proteinkinase2

CP1J00127: conservedypotheticalprotein

CPI1J00356: mitosisinhibitor proteinkinase

CP1J00359! serine/threoningroteinkinase

CP1J00398! tyrosineproteinkinaseAbl

CP1J00399! calciumdependenproteinkinase

CPI1J00417: Juvenilehormoneinducibleprotein

CP1J00468! Dual specificity tyrosinephosphorylatiorregulateckinase

CP1J00468" Dual specificitytyrosinephosphorylatiorregulateckinase

CPI1J00479¢ activin receptortypel

CP1J00491( serine/threonin&inaseNLK

CP1J00527( cGMP-proteinkinase

CPI1J00529( conservedypotheticalprotein

CP1J00544! nuclearbodyassociatedinase

CP1J00628:. serthr proteinkinasetrb3

CP1J00628: ser/thrproteinkinasetrb3

CPI1J00670: serine/threoningroteinkinaseD3

CPI1J00722" tyrosineproteinkinase

CPI1J00745! tyrosineproteinkinasesrc64b

CP1J00893" dual_specificity mitogenactivatedproteinkinasekinase
hemipterous

CP1J00895. mitogeractivatedproteinkinasekinasekinase

CP1J00901: mixedlineageproteinkinase

CP1J00922. serine/threoning@roteinkinase

CP1J01032. cell division control protein

CP1J@1073 discoidindomainreceptor

CPI1J01167: cell division control protein

CPI1J01193¢ S6kinasell beta
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Other
regulatory
function

Receptor
activity

GCM domain

Mago nashiprotein

Mob1/phocein

N-terminaldomainof adenylylcyclasessociated
protein,CAP

RanBP2/NZFzincfinger-like

Sec7domain

ChemosensorgroteinCsp2

228

CP1J01217( ribosomalproteinS6 kinase 90kD, polypeptide
CP1J01253: eukaryotictranslationinitiation factor 2-alphakinasel
CP1J01256( leucinerich repeatserine/threoningroteinkinasel
CP1J01369: serine/threoningroteinkinaserio2

CP1J01383! conservedypotheticalprotein

CP1J01394. conservedypotheticalprotein

CP1J01480. Dual specificity tyrosinephosphorylatiorregulateckinase
CP1J01568! serine/threoningroteinkinaserio2

CPI1J01569!( serine/threoningroteinkinaseR102

CP1J01580: mitogenactivatedproteinkinasekinase2
CP1J01583: map/microtubuleaffinity-regulatng kinase2,4
CPI1J01591i conservedypotheticalprotein

CP1J01592: Juvenilehormoneinducibleprotein

CP1J01647! conservedypotheticalprotein

CP1J01664- integrinlinked proteinkinase

CPI1J01672¢ serine/threoningroteinkinasevrk

CP1J01686: conservedypotheticaprotein

CP1J01800: fibroblastgrowth factorreceptor

CP1J01820: serine/threoningroteinkinaselats

CP1J01940: conservedypotheticaprotein

CP1J01949: fibroblastgrowthfactorrecepor 1

CP1J01968: conservedypotheticalprotein

CP1J00664( conservedypotheticalprotein

CP1J00294¢ magonashi
CP1J00291: conservedypotheticaprotein

CP1J00312! adenylylcyclaseassociategrotein

CP1J00301( conservedypotheticaprotein
CPI1J00717 nucleoporinNup153

CP1J00281: guanytnucleotice exchangdactor
CP1J01558! arfé guaninenucleotideexchangdactor

CP1J01998! serine/threonin&inase

CP1J00260: conservedypotheticaprotein
CP1J00260! serine/threonin&inase
CPI1D02607 conservedypotheticaprotein
CP1J00260¢ chemosensorgrotein
CP1J00260¢ serine/threonin&inase



RNA binding,
m/tr

Alpha-L RNA-binding motif
dsRNA-bindingdomainlike

Nop domain
Nop10like SnoRNP
PUA domairtlike

RNA-bindingdomain,RBD
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CP1J00261! serine/threonin&inase
CP1J00262! chemosensorgroteinl
CP1J00262! sensoryappendagerotein
CP1J0170¢ serine/threonin&inase
CP1J01998! sensoryappendagerotein

CPI1J01614(tyrosyHtRNA synthetase

CPI1J00326- 40SribosomalproteinS2

CP1J00483: tar RNA binding protein

CP1J00684! 40SribosomalproteinS2

CPI1J00833: 40SribosomalproteinS2

CPI1J00977- 40SribosomalproteinS2
CP1J01185(doublestrandedRNA-specificeditaseAdar
CPI1J01350( ATP-dependenRNA helicase

CP1J01404: conseved hypotheticalprotein
CPI1J00217¢U4/U6 smallnuclearribonucleoproteirPrp31
CP1J01883. H/ACA ribonucleoproteirtomplexsubunit3
CP1J00606! adenylsulfat&kinase

CP1J00879! ATP-dependenton protease

CP1J01213 conservedypotheticaprotein

CP1J01470: splicingfactor

CP1J01941 splicingfactor

CPI1J00002! negativeelongationfactorE

CP1J00048! conservedypotheticalprotein

CP1J0O®588 polypyrimidinetractbinding protein
CPI1J00088( RNA-binding posttranscriptionalegulatorcsx1
CPI1J00161: heterogeneousuclearribonucleoprotein
CP1J00307: conservedypotheticaprotein

CP1J00355! nuclearcapbinding proten subunit2
CPI1J00373t heterogeneousuclearribonucleoprotein
CP1J00385: conservedypotheticaprotein

CP1J00388: G-rich sequencéactor1

CP1J00453i conservedypotheticaprotein

CP1J00489:. conservedypotheticaprotein

CP1J00565. developmentallyegulatedRNA-binding protein
CPI1J00610" NONA protein

CP1J00697! polypyrimidinetractbinding protein
CP1J00704 serine/arginineich splicingfactor
CP1J00729! conservedypotheticaprotein

CP1J00762¢ splicingfactor



CP1J00783: RNA andexportfactorbindingprotein

CP1J00824i conservedypotheticaprotein

CP1J00847( conservedypotheticaprotein

CP1J00862! predictedprotein

CPI1J00863: 52K activechromatinboundary protein

CPI1J00869¢ rbm25protein

CP1J00878t arginine/seringich splicingfactor

CPI1J00977. conservedypotheticalprotein

CPI1J01217- conservedypotheticalprotein

CP1J01251! conservedypotheticaprotein

CP1J01266: cleavagestimulationfactor 64 kDa subunit

CP1J01281: scaffoldattachmenfactorb

CP1J01285( splicingfactoru2aflargesubunit

CP1J01323 conservedypotheticalprotein

CP1J01450( fusebinding proteirtinteractingrepressosiahlpl

CPI1J01505: RNA binding motif protein18

CPI1J01526: heterogeneousuclearribonucleoproteir27C

CPI1J01535( eukaryotictranslationinitiation factor 3 subunit4

CP1J01554¢ ribosomalbiogenesiproteinGar2

CP1J01614. conservd hypotheticaprotein

CP1J01632! conservedypotheticaprotein

CP1J01651 conservedypotheticalprotein

CP1J01775! conservedypotheticalprotein

CP1J01845: conservedypotheticalprotein
Surpmodule(SWAP domain) CP1J01717¢ scaffoldattachmentactorB

C2 domain(Calcium/lipid-bindingdomain,CalLB) CPI1J00500i E3 ubiquitinligase

CP1J00570: kinaseC alphapolypeptide
CP1J01178! E3 ubiquitin-proteinligasenedd4
CP1J01504! conservedypotheticalprotein
CP1J01511: E3 ubiquitin-proteinligasenedd4
CP1J01686! conservedypotheticaprotein
cAMP-bindingdomainlike CP1J00455: conservedypotheticalprotein
CP1J00527 conservedypotheticalprotein
CP1J00527! cGMP-dependenproteinkinase
CP1J00621. cyclic nucleotidegatedcationchannek
CP1J015441 cyclic-nucleotidegatedcationchannel
CP1J01565. cGMP-dependenproteinkinase
CPIJ0159 42501;,83/:5 dependenproteinkinasetypel-betaregubtory

Signal
transduction
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DBL homologydomain(DH-domain)

Family A G proteincoupledreceptor-like

Frizzledcysteinerich domain
Growthfactorreceptordomain

GTPaseactivationdomain,GAP

Insectpheromone/odorasiiinding proteins

Insulin-like
Nicotinic receptotigandbindingdomainlike

Nuclearreceptolligand-bindingdomain
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CP1J01842( conservedypotheticaprotein

CP1J01987! cyclic nucleotidegatedcationchannebeta3
CP1J00148: pakinteractingexchangdactor,betapix/cool1
CP1J00498: rho guanineexchangefactor

CP1J01150« RHO guanytnucleotideexchangdactor
CP1J01398" conservedypotheticalprotein

CP1J01542: Rho GEFandpleckstrindomainprotein
CPI1J01759¢ guaninenucleotideexchangdactor
CP1J00626! cardioacceleratorgeptidereceptor
CP1J00626! cardioacceleratorgeptidereceptor
CPI1J01161¢ leucinerich transmembranprotein
CP1J01448 betaadrenergiaeceptor

CP1J01475: conservedypotheticalprotein

CP1J01597¢ conservedypotheticalprotein

CP1J01609: adenosiné2 receptor

CP1J01179¢ conservedypotheticaprotein

CP1J00911" conservedypotheticaprotein

CP1J01518: proproteinconvertaseubtilisin/kexintype 4, furin
CP1J01737: conservedypotheticaprotein

CP1J01087! conservedypotheticaprotein

CPI1J01251 cdc42GTPaseactivatingprotein

CP1J01582! conservedypotheticalprotein

CP1J01972 conservedypotheticalprotein

CP1J00186" hypotheticalprotein

CP1J00187: hypotheticalprotein

CP1J00187: Odorantbinding protein56a

CP1J00386! conservedypotheticalprotein

CP1J00386! conservedypotheticaprotein

CPI1J00463: odorantbinding protein

CPI1J00463! odorantbinding proteinOBPjj7a

CP1J00733 conservedypotheticaprotein

CP1J01078 conservedypotheticaprotein

CP1J01078i conservedypotheticaprotein
CP1J01888:tRNA delta

CP1J01804! conservedypotheticalprotein

CP1J00763! acetylcholinereceptomproteinalphal, 2, 3, 4 invertebrate
CP1J01690! nicotinic acetylcholinereceptorpeta? subunit
CP1J00296. ecdysoneaeceptor

CP1J00460! nuclearhormonereceptor

CP1J00821! nuclearhormonereceptoiftz-f1



Nucleotidecyclase

PDZ domainlike

PH domainrlike
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CP1J00958: conservedypotheticaprotein
CP1J01494! nuclearhormonereceptorftz-f1
CP1J01554. nuclearreceptor3

CP1J01602: retinoid x receptor

CP1J00473! adenylatecyclase

CP1J01518! adenylatecyclase

CP1J01708: guanylde cyclasesolublesubunitbetal
CP1J01728 adenylatecyclasetype

CP1J01994 adenylatecyclasetype 5

CP1J00171( conservedypotheticaprotein
CPI1J00380i partitioningdefective3

CP1J00449! conservedypothetcal protein
CPI1J00556- 26Sproteasom@&onATPaseregulatorysubunit9
CPI1J00602( conservedypotheticalprotein
CPI1J00637 conservediypotheticalprotein
CP1J00735: conservedypotheticaprotein
CP1J00768: conservedypothetcal protein
CP1J01087! conservedypotheticaprotein
CP1J01501: conservedypotheticaprotein
CPI1J01607: golgi reassembhstackingprotein2
CP1J01827. conservedypotheticaprotein
CP1J01834( ezrinradixin-moesinbinding phosphoprotei®0
CP1J01922( Glutamatereceptorbinding protein
CP1J01976( conservedypotheticalprotein
CPI1J00036. conservedypotheticalprotein
CP1J00469( numbprotein

CPI1J00470t vasodilatorstimulatedphosploprotein
CP1J00559:. decappingoroteinl

CP1J00568i conservedypotheticaprotein
CP1J00669¢ wiskott-aldrich syndromeprotein
CP1J00792 conservedypotheticaprotein
CP1J00936: conservedypotheticaprotein
CP1J00999. conservedypotheticaprotein
CP1J01036! conservedypotheticalprotein
CP1J01087: conservedypotheticaprotein
CP1J01107: structurespecificrecognitionprotein
CP1J01174¢ conservedypotheticaprotein
CP1J01273 nucleomrin 50kDa

CP1J01358: conservedypotheticaprotein
CP1J01368! signaltransductiorproteinink-realted



PX domain

PYP-like sensodomain(PAS domain)

Rap/RarGAP
RasGEF

Regulatorof G-proteinsignaling,RGS

SH2domain

SH3-domain

TRAF domainlike
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CP1J01370! conservedypotheticaprotein
CP1J01393i conservedypotheticaprotein
CP1J01899! conservedypotheticaprotein
CPI1J01961: myosinxv

CPI1J01972¢ conservedypotheticalprotein
CPI1J01974( conservedypotheticalprotein
CPI1J02001: FACT complexsubunitSsrpl
CPI1J00162: sortingnexin

CP1J00534. sortingnexin-6

CP1J00®89 conservedypotheticaprotein
CP1J01011¢ sortingnexin9

CP1J01330( conservedypotheticalprotein
CPI1J00368: hypoxiainduciblefactor

CP1J01344i conservedypotheticalprotein
CP1J01473 arylhydrocarbomeceptomucleartranslocator
CP1J01814. rap GTPaseactivatingprotein
CP1J00559. rasGTPexchangdactor,sonof sevenless
CPI1J00590: ral guaninenucleotideexchangdactor 2
CP1J01768( c-AMP-dependentaplguaninenucleotideexchangdactor
CP1J00465! betaadrenergiaeceptorkinase
CP1J00699! conservedypotheticaprotein
CPI1J01593: regulatorof g proteinsignaling
CPI1J00086 growthfactorreceptofboundprotein
CPI1J00310( cytoplasmigproteinNCK1

CPI1J00338( suppressorsafytokinesignalling
CPI1J01065! proto-oncogenayrosineproteinkinasesrc
CPI1J01212¢ conservedypotheticalprotein
CP1J01490( corkscrewphosphatase

CP1J00638! ablinteractor2

CP1J00231: conservedypotheticaprotein
CP1J00263- membraneraffic protein

CPI1J00300: neblprotein

CP1J00622: Plentyof SH3s

CP1J01065’ conservedypothetcal protein
CP1J01608: endophilina

CP1J01769: conservedypotheticaprotein
CP1J01854! ablinteractor2

CP1J00120¢ autoimmuneegulator

CPI1J00121. tripartite motif-containingprotein37
CP1J00924" E3 ubiquitin-proteinligasesina



Transducinalphasubunit),insertiondomain

Transducin(heterotrimerids protein),gammachain

Ypt/Rab-GAP domainof gyplp

CP1J01019: conservedypotheticaprotein

CP1J01639 guaninenucleotidebinding proteinG

CP1J00586. guaninenucleotde-binding proteingammal subunit
CP1J01690: conservedypotheticalprotein

CPI1J00831" TBC1 domainfamily member22B

CP1J01026! GTPaseactivatingproteingyp2

CP1J01163: ghregulatedbc protein1

Other

Unknown
function

alpha/bet&not

Anti-sigmafactorantagonisSpollaa

betasandwichdomainof Sec23/24

BtrG-like

CrustaceattHH/MIH/GIH neurohormone
Cysteinealphahairpin motif

Cysteinerich domain

Delta-sleepinducingpeptideimmunoreactivepeptide

E setdomains

Frataxin/Nqo18ike
GckA/TtuD-like
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CP1J00688. conservedypotheticaprotein

CP1J01046- conservedypotheticalprotein
CPI1J00600( sulfatetransporter
CPI1J00061: sulfatetransportetl.2
CPI1J00533: sulfatetransporter
CP1J01214 sulfatetransporter
CPI1J01709! sulfatetransporter
CP1J00880! conservedypotheticaprotein
CP1J00928: Sec24Bprotein

CP1J01459: conservedypotheticaprotein
CP1J01765: conservedypotheticaprotein
CP1J005341 conservedypotheticaprotein
CP1J00879 conservedypotheticaprotein
CPI1J00397: ion transporpeptide
CPI1J00033( conservedypotheticalprotein
CPI1J01405( predictedprotein

CP1J01981" cytochromec oxidaseassemblyproteinCOX19
CPI1J00079: myotoninproteinkinase
CPI1J00670! proteinkinaseC

CP1J00692( corservedhypotheticaprotein
CP1J00627. conservedypotheticaprotein
CP1J00263¢{ KDEL motif-containingprotein2
CP1J00273( conservedypotheticaprotein
CPI1J00273 MPA2 allergen

CP1J00428: hexamerir? beta
CP1J00465: conservedypotheticaprotein
CP1J00575( conservedypotheticaprotein
CP1J00837. conservedypotheticaprotein
CPI1J01607: SEC63protein

CP1J01698! betaarrestinl

CP1J01402: frataxin, mitochondrial
CP1J00480:. glyceratekinase



Hairpinloop containingdomairtlike CP1J00506: conservedypotheticaprotein
CP1J00507( conservedypotheticaprotein
CP1J01897( conservechypotheticaprotein

HCP-like CP1J00134! conservedypotheticalprotein
Hook domain CPI1J01867¢hookprotein
{_rg;r?:&l?;nd|ngdomaln|n theNO signallingandGolgi CPI1J01076! conservedypotheticalprotein
CP1J01943t corservedhypotheticalprotein
MAL13P1.25%like CPI1J01373: conservedypotheticalprotein
PIN domainlike CP1J01877. conservedypotheticaprotein
PTPAlike CPI1J01773! serine/threoningroteinphosphatas2A regulatorysubunitB

Pym_(W|th|n th_e bgcngeneintron protein,WIBG), N- CPI1J00691( conservedypotheticalprotein

terminaldomain

Roadblock/LC7domain CPI1J00204: dyneinlight chain
CP1J01126: mitogenactivatedproteinbinding proteirtinteractingprotein
CP1J01478( conervedhypotheticaprotein

Subunitsof heterodlmerlcactlnfllamentcapplngproteerPUOlO?ﬂ: F-actincappingproteinsubunitbeta

Capz
CPI1J01127: f-actincappingproteinalpha
CPI1J01127: conservedypotheticalprotein
CP1J01931! F-actincappingproteinsubunitbeta
YggU-like CPI1J00119¢ conservedypotheticalprotein
YjeF N-terminaldomainlike CP1J01178¢ conservediypotheticalprotein
YjgF-like CP1J00839¢ conservedypotheticalprotein
Zinc betaribbon CP1J00185! DNA-directedRNA polymerasdl 15.1kDa polypeptide
Viral proteins Arp2/3 complex16 kDa subunitARPC5 CP1J01279! arp2/3complex16 kd subunit
Retroviruszinc finger-like domains CP1J00189: conservedypotheticalprotein
Tetrapyrrolemethylag CP1J00867! diphthinesynthase
Eferin C-derminaldomainlike CPI1J00375: conservedypotheticalprotein
ERHlike CP1J01349: enhancepf rudimentaryprotein
ExpressegroteinAt2g23090/F21P24.15 CP1J00229! conservedypotheticaprotein

ADifferentially expressedjenegepresenthosegeneshatdifferedin their expressionevel (FPKM) in HAmCq®8 by morethantwo fold whencomparedo the
parentaltrainHAMC°.

"SCOPgeneralanddetailedfunctionsusingthe predictedCx. quinquefasciatuannotatiorinformationavailableat the Superfamilywebsite(version1.75)
™ Culexquinquefasciatugenome JJohannesburgtrainCpipJ1.2 June2008;http://cquinquefasciatus.vectorbase.org/

YVectorbase annotation taken from CpipJ1.2, June 2008; httpoiéeefasciatus.vectorbase.org/ with the exception of cytochrome P450 genes whose
annotations were taken from the most current P450 annotation based on: Nelson, DR (2009) The Cytochrome P450 Homep@geohhitsah) 5%5:
http://drnelson.uthsc.edu/CytaomeP450.html
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SNONA: Not annotated
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Appendix 3.5.List of differentially upregulated genes in HAm&gqvhich contained functionaltgnriched Gene Ontology terms.

Gené

GO TERMS'

Annotatiori

(225000 Aunanoe Janodsuen uabAxo
PGG17000:09) spunodwod |As02A|6y BuizAjoipAy ‘AliAnoe ase|olpAy
(8€28000:09) spuoq [As02A|6 uo Bunoe ‘AlAnoe asejoipAy
(8€28000:09) Ananoe aspndadoxa

(££28000:09) Annnoe asepndadojelsw

(TLTLT00:09) AnAnoe ssejolpAy suniss

(9€28000 :09) Ananoe asepdad adAisunias

(252%7000:09) Auanoe asepndadopus adAisulias

(52T+000:(9) Auanoe asepndadopus

(TT00,00:09) sapndad pioe oulwg-uo Hunoe ‘Ayanoe asgndad
(€€£28000:09) Aunnoe asepndad

(£829T00:09) AnAnoe asejoiphy

(26¥71700:0/ANoR aseuabAxoouow

(505600:09) AnAnoe Jsiied uoiOdId

(9055000 :09) bulpuig uor uol

(9069700:09) Buipulq sjo.1Adens)

(££00200:09) Buipuig sway

(T6%79100:09) AuAnOE 8SEIINP3IOPIXO

(¥28€000:09) AuAnoe onAjered

+U

CYP4D42v2
CYP304B5

CP1J020229

CP

J017244
J017243
J015958
J015681
J014218
J012470
J011127
J010546

CYP304B4

CYP325Ba

CYP4H37v2
CYPOM10
CYPO9AL1
CYP4H34
CYP9J34
CYP9J33
CYP9J40

J010544
J010543

CP

CP

CP

CP

CP

CP

CP

CP

CP
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CP1J010542
CP1JA0538

CP1J010537
CP1J010227
CP1J010225
CP1J009478
CP1J009085
CP1J008566
CP1J007188
CP1J006721
CP1J005959
CP1J005957
CP1J005956
CP1J005955
CP1J005953
CPI1J005952
CP1J002538
CP1J004088
CP1J019428
CP1J019007
CP1J018037
CP1J016102
CP1J0B012

CP1J014523
CP1J010641
CP1J006543
CP1J006542
CPI1J006076
CPI1J005272
CP1J004594
CP1J003623
CPI1J002156
CP1J002142
CP1J002140
CP1J002139
CP1J002138
CP1J002137
CP1J002135
CPI1J002133
CPI1J002130

CYP9J38

CYP9J46

CYP9J45

CYP12F13

CYP12F14

CYP4D42v1

CYPBAG13

CYP6215

CYP4H30

CYP4H37v 1

CYP6AATY

CYP6AA9

CYP6BZ2

CYP6P14

CYP6BB3

CYP6BB4

CYPBAG12

guanylyl cyclase receptor
trypsin 2

polyserase?

serine protease
transmembrane protease
tryptase2

elastase8A

prostasin

urokinasetype plasminogen activator
chymotrypsin2
hypoderminB

trypsin 3A1

conserved hypothetical protein
coagulation factor XII
chymotrypsin Bl
chymotrypsin BI
chymotypsin Bl

HzC4 chymotrypsinogen
chymotrypsinogen

serine proteasel/2
trypsin alphad

trypsin epsilon
kallikrein-7
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CP1J002128
CP1J001979
CP1J001111
CP1J000617
CPI1J000616
CP1J019029
CP1J013319
CP1J010224
CP1J009594
CP1J007383
CP1J002945
CP1J002943
CP1J002942
CP1J002941
CP1J012036
CP1J010805
CP1J009106
CP1J004086
CPI1J001745
CP1J001744
CPI1J001743
CP1J001742
CP1J008876
CP1J008873
CP1J001240
CP1J001239
CP1J001050
CPI1J014110
CPI1J009738
CPI1J010716
CPI1J005187
CP1J019598
CP1J018802
CP1J009306
CP1J008904
CP1J008528
CP1J006585
CP1J006166
CPI1J00351

CPI1J004323

mast cell protease 2

conserved hypothetical protein
proacrosin

clip-domain serine protease
clip-domain serine protease
metalloproteinase
metalloproteinase
metalloproteinase

nephrosin

endothelinconverting enzyme 1
zinc metalloproteinase dg1
conseved hypothetical protein
zinc metalloproteinase nd®

high choriolytic enzyme 1
aminopeptidase N
carboxypeptidase Al
angiotensirconverting enzyme
angiotensirconverting enzyme
zinc carboxypeptidase

zinc carboxypeptidase
carboxypeptidase A2

zinc carboxypefdase

lysosomal preX carboxypeptidase
prolylcarboxypeptidase
cathepsin Bike thiol protease
cathepsin B

protease ml zinc metalloprotease
conserved hypothetical protein
conserved hypothetical protein
luciferin 4monooxygenase
phenoloxidase subunit 1
basicendochitinase CHB4
endochitinase A

neutral alphaglucosidase ab
alphaglucosidase

glycoside hydrolase

glycoprotein

deltamethrin resistanezssociated NYBGBE
lysozyme

gramnegative bacteria binding protein
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CP1J004320
CP1J002104
CP1J005725
CPI1J005060
CP1J019948
CPI1D19917
CP1J018233
CP1J018231
CP1J017110
CP1J016336
CP1J015649
CP1J013085
CP1J007824
CP1J007461
CP1J007035
CP1J006560
CP1J004695
CP1J004222
CP1J002103
CP1J00206
CPI1J001520
CP1J000853
CP1J000852
CP1J003495
CP1J014287
CP1J005308
CP1J004595
CP1J004125
CP1J018869
CP1J016440
CP1J016322
CP1J016321
CP1J013647
CP1J009438
CP1J007620
CP1J005656
CP1J004600
CP1J004379
CPI1J003802
CPI1J003059

gramnegative bacteridinding protein 1
plasma alpaL-fucosidase
alphaamylase A

alphaamylase B

myosin vii

triacylglycerol lipase
carboxylesterase

carboxylesterase
fumarylacetoacetate hydrolase
esterase B1

DNA-binding protein smub2
sarcalumenin

esteras@®1

epoxide hydrolase

lipase

peptidoglycan recognition proteln
dyneinl-beta heavy chain
pancreatic triacylglycerol lipase
conserved hypothetical protein
vacuolar ATP synthase subunit C
multidrug resistancassociated protein 1
myosin heavy chain

myosinld

fatty acid synthase-8cetyltransferase
ferritin heavy chain

conserved hypothetical protein
cytochrome b5

succinate dehydrogenase

NADH dehydrogenase iresulfur protein 7, mitoch.

dihydroceramide delta (4jesaturase
alkyldihydroxyacetonephosphate synthase
alkyldihydroxyacetonephosphate synthase
alkyldihydroxyacetonephosphate synthase
aldehyde dehydrogenase

choline dehydrogenase

oxidoreductase

oxidoreductase

steroid dehydrogenase

NADP-dependent leukotriene B-hydroxydehydrog.

acylCoA oxidase

s ik T s S s ST S S S e T S S S SR S S
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CP1J001318 d-lactate dehydrognease 2 + -
CP1J018631 glutathiones-transferase theta, gst + -
CP1J015996 ecdysteroid UDRylucosyltransferase + -
CPI1J015088  4-coumarateCoA ligase 1 + -
CP1J014577 phosphoglycerate mutase 2 + -
CPI1J012763 3-phosphoinositidelependent protein kinase 1 + -
CP1J011827 conserved hypothetical protein + -
CP1J009929 conserved hypothetical protein + -
CPI1J009094  ornithine decarboxylase 1 + -
CP1J008853 maltose phosphorylase + -
CP1J008110 conserved hypothetical protein + -
CPI1J007538 arginine kinase + -
CPI1J006619 cystathionine gammbyase + -
CP1J006508 UDP-glucuronosyltransferase 2B4 + -
CP1J006459 long-chainfatty-acid CoA ligase + -
CP1J006339 receptor of activated protein kinase C 1 + -
CP1J006160 glutathione gransferase + -
CP1J004867 conserved hypothieal protein + -
CP1J003692 glucosyl/glucuronosyl transferase + -
CP1J002663 glutathione Sransferase-1 +

CP1J001427 conserved hypothetical peh + -
CP1J001091 lactosylceramide -lphagalactosyltransferase + -
CP1J000791 conserved hypothetical protein + -
CP1J018825 larval serum proteid beta chain - +
CP1J018824 larval serum protein 1 beta chain - +
CP1J009032 larval serum protein 2 - +
CP1J007783 arylphorin subunit alpha - +
CP1J006538 larval serum protein 1 beta chain - +
CP1J006537 larval serum protein 1 beta chain - +
CP1J001820 larval serum protein 2 - +
CP1J000056 larval serum protein 1 beta chain - +

AGenes within theunctionally enrichedsO terms for the differentially upregulated gene set in HAFﬁ@dpen tested by gProfiler

"Culexguinguefasciats genome,Johannesburgtrain CpipJ1.2 June2008;http://cquinquefasciatus.vectorbase.dmhotationsfor cytochromeP450genes
weretakenfrom the mostcurrentannotatiorbasedon: Nelson,DR (2009) The CytochromeP450HomepageHumanGenomics4, 59-65:
http://drnelson.uthsc.edu/CytochromeP450.html

" GeneOntologyconsortium(version1.2084;releasadate:12:07:2011)
"A A+0 sign indicates GO terms within c¢eol umngnt hiantdiacraet easkestolhgantaa G o etrhnmes gwe nt
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Appendix 4.1.List and sequences of the gRTR primers used.

Gené

18S rRNA
CP1J002139
CP1J001240
CP1J002156
CPI1J016012
CP1J002142
CP1J009594
CP1J018233
CP1J001820
CPI1J0O00056
CP1J009033
CP1J009032
CPI1J0O07783

Sense primer (5'to 3")
CGCGGTAATTCCAGCTCCACTA
TAATCTGTCGTGTCAATTGTCGTA
AGGACGTGAATATCGTTCTGAAAT
CACTGCGTCGTTGATGCTAC
GGGAGTTATGTTGAGGACTTGAAA
TGAAATCCTTAGTAGTGCTTGCAG
GAAGTATCAGACAACCGCATTCTA
GTCTGCTTGGGTTCTTCAGC
GTTGAATTCTACAAGCACGGTATG
GAGCTACCTGCCATACTACACCTT
ATCGACTTCAGCTATTTCTTCACC
AGTTGAGATCAAGGAGTTTTCCAG
ACTACCAATTCAAGGATCACCTTC

Antisense primer (5'to 3")
GCATCAAGCGCCACCATATAGG
GGAAGCTATGTATTCCGATGAGAT
GTTCTGATAGATCTCGGCTTTCAT
CCACATCATTTCGCACAATC
GAAGGGTGGCACAGTTATTTATTC
TGACCAGAGAGAAGGATGTTGATA
TTTCAAGTTGTTCATCACTGGTCT
CGTCACATTGTTCGGATCAC
CGTAGTAGAAAACGTGGAACAGAG
GAAGAAGTCAAAGTACGTGAGCAG
GTCGGTAGTGTTTAGTACGACGTG
GGGAGTTCTTGTAGTTGAAGGGTA
AGTATGTGACCAACTTGTCAATGG

"Culex quinquefasciatugenome, Johannesburg strain CpipJ1.3
http://cquinquefasciatus.vectorbasg/or
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Appendix 4.2 Genes ugegulated in the pyrethroigesistant HAMCE? strain ofCulex

quinquefasciatufollowing permethrin challenge.

SCOP functional annotationA Vectorbase annotatioti FPKM*® Fold change (24h)
Permethrin
General Detailed Superfamily Accession Gene Untreated Acetone LCso LCo
Extra Cell C-type lectin  CP1J019507salivary Gtype lectin 52.8 1.7 3.9 4.2*%
cellular adhesion like
processes
CPl1J016716conserved hypothetical protein  23.8 3.4* 2.7 8.2*
ImmunoglobulirCP1J015022stretchinmick 0.5 25 3.7 6.5*
RNI-like CP1J001238conserved hypothetical protein 1.9 3.7* 4.1* 4.0*
CP1J018057conserved hypothetical protein 0.6 35 4.1* 4.2
Toxins/defeSuperantigen CPI1J003460M12 mutant protein precursor, 0.3 4.2 4.2 6.4*
nse toxins putative
General General ARMrepeat CPIJ005388conserved hypothetical protein 1 4.2* 35 4.4*
CP1J801656armadillo repeatontaining 1 3.7 3.9* 3.6
protein 4
EFhand CP1J002594NADPH oxidase 14 2 4.4* 3
CP1J008636¢conserved hypothetical protein 1.2 3.3* 3.3 31
CP1J001307predicted protein 0.9 4.9 9.5* 5.4
GLA-domain CPI1J802301conserved hypothetical protein  29.6 5.8* 3.7 14.3*
Kelch motif ~ CPI1J011586actin binding protein, putative 5 1.6 1.8 3.8*
CP1J003681ring canal kelch protein 0.7 3.6* 4.3* 3.2
L domainlike CPI1J802473conserved hypothetical protein 3.4 2.1 7.1* 7.3*

CP1J002160conserved hypothetical protein 1.6 1.9 4.6* 4.5*
CP13802491conserved hypothetical protei 1.3 1.8 7.0* 7.4*

CP13802477leucine rich protein 1.3 1.3 4.4* 4.1*
Spermadhesin,CP1J015617conserved hypothetical protein 1.1 1.8 4.4* 25
CUB domain
WD40 repeat CPI1J000996axonemal dynein intermediate 0.7 3.1 4.2* 3.2
like chain polypeptide
Protein  Ankyrin repeat CPI1J801726conserved hypothetical protein  18.9 3.2* 41 34
interaction
POZ domain CPI1J008757conserved hypothetical protein 0.2 10.0* 6.1* 23.0*
Small FAD/NAD(P)- CPI1J001367glucose dehydrogera 3.7 1.9 4.9* 3.6
molecule binding domain
binding
CP1J017482choline dehydrogenase 2.7 1.8 3.9* 3.2*
CP1J017491glucose dehydrogenase 2 15 5.1* 3.2
CP1J013724dimethylaniline monooxygenas 1.7 1.3 2.4 4.3*
CP1J007619glucose dehydrogenase 1.4 2.3 4.9* 3.2
CPI1JAL7490 glucose dehydrogenase 0 1.3*8 1.7*§ 2.3*§
GST Gterminal CP1J002679glutathione Sransferase theta 8.7 1.9 15.6 15.0*
domainlike
NAD(P)- CP1J017620hypothetical protein 97.2 3.5% 5.5 8.2*
binding
Rossmansfold
domains
CP1J009105hypotheical protein 27 25 7.6* 5.1*
CP1J007450conserved hypothetical protein 2.2 2.8* 2.7 5.7*
CP1J004391fatty acytCoA reductase 1 25.6 4.4* 6 10.3*
CP1J011767shortchain dehydrogenase 22.5 4.2 35 11.8*
CP1J003056hydroxysteroid dehydrogase 10.6 2.0* 1.6* 4.5*
CP1J019942conserved hypothetical protein 9.1 4.1 5.0* 10.5*
CP1J019941conserved hypothetical protein 7.1 2.2 3.2* 6.9
CP1J014121shortchain dehydrogenase 35 1.4 4.0* 25
CP1J007244fatty acytCoA reductase 1 24 2.3 4.8 5.1*
CP1J007245fatty acytCoA reductase 1 1.3 3.2 7.2* 7.2*
CP1J004392fatty acytCoA reductase 2 1.1 4.0* 7.4* 8.0*
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P-loop CP1J009593conserved hypothetical protein

containing

nucleoside

triphosphate

hydrolases
CP1J000848myosin2 heavy chain
CP1J012205dynein1-beta heavy chain
CP1J007215ciliary dynein heavy chain 5
CP1J012527ciliary dynein heavy chain 5
CP1J002912ciliary dynein heavy chain 11
CP1J001823conserved hypothetical protein
CP1J013371conserved hypothetical protein
CP1J004695dyneinl-beta heavy chain
CP1J017862sulfotransferase
CP1J005250conserved hypothetical protein
CP1J011001sulfotransferase
CP1J009296conserved hypothetical protein

Thiamin CP1J01148 conserved hypothetical protein

diphosphate

binding fold

(THDP-binding)

InformatioChromatin Histone H3 K4 CP1J009321conserved hypothetical protein
structure specific

n

Intra-
cellular
processes

methyltransfera
e SET7/9 N
terminal domair
CP13801398conserved hypothetical prate

DNA FYVE/PHD  CPIlJ011620conserved hypothetical protein
replication/zinc finger
repair
Nucleic acid CPI1J000529conserved hypothetical protein
binding protein:
RING/U-box  CPI1J007874predicted proti&a
CP1J015248conserved hypothetical protein
TranslationRibosome CP1J009211conserved hypothetical protein

inactivating
proteins (RIP)

Cell cycle, Inhibitor of CP1J006918conserved hypothetical protein
Apoptosis apoptosis (IAP)

Cell
motility

lon m/tr

repeat
Outer arm CP13802497conserved hypothetical protein
dynein light
chain 1
Phase 1 flagelliCP1J009539hypothetical protein
Tropomyosin  CP1J001907conserved hypothetical protein
CP13802332conserved hypothetical protein
Tubulin G CP1J001353tubulin alpha chain
terminal
domainlike
Tubulin CP13J018045tubulin alphal chain
nucleotide
binding domain
like
CP1J012634tubulin beta3 chain
Cupredoxins CP1J010466laccasdike multicopper oxidase
1
Ferritin-like CP1J000900conserved hypottical protein
MFS general CPI1J002794hypothetical protein
substrate
transporter
CP1J015621cis,cismuconate transport
protein MucK, putative
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2.2
1.9
3.8
5.4*

5.3*
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2.2
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3.5
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4.8
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3.9
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1.9
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7.1*

13

4.6*

4.6*

3.1
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CP1J0021720ligopeptide transporter
CP1J008813sodiumdependent phosphate
transporter
CP1J018461mfs transporter
CPI1J002957sugar transporter
CP1J0194870rganic cation transporter,
putative
CP1J®M2956 sugar transporter
Periplasmic  CP1J008094conserved hypothetical protein
binding protein
like Il
SET domain  CPI1J019392conserved hypothetical protein

PhospholiftCRAL/TRIO  CPIJ®1421 CRAL/TRIO domaincontaining

d m/tr

domain protein
CP1J014225CRAL/TRIO domaincontaining
protein
CP1J013676cellular retinaldehyde binding
protein, putative
CP1J013463conserved hypothetical protei

Proteases Cysteine CP1J001240cathepsin B precursor

proteinases

LuxS/MPRIlike CPI1J013977conserved hypothetical protein

metallohydrolas

e

Metalloproteas¢«CP1J009594nephrosin

s ("zincins"),

catalytic domai
CP1J001808conserved hypothetical protein
CPI1J012680ADAM 12 precursor
CPI1J009594Astacin precursor

Pyrrolidone  CPI1J009328conserved hypothetical protein

carboxyl

peptidase

(pyroglutamate

aminopeptidase

Serine proteaseCP1J012287hypothetical protein

inhibitors

Serpins CP1J010576endopinl precursor

Subtilisinlike CPI1J014726conserved hypothtieal protein

Trypsinlike CP1J010091hypothetical protein

serine protease
CP1J801497serine protease
CP1J006544chymotrypsinogen 2 precursor
CP1J011901 polyserase precursor
CP1J0188000vochymase? precursor
CP1J003994serine collagenase 1 precursor

putative

CP1J010615proclotting enzyme precursor
CP1J009891serine protease
CP1J017797neurchypophysial hormones
CP13J0040920viductin
CP1J015103trypsin5 precursor
CP1J019781trypsin 1 precursor
CP1J003325anionic trypsin2 precursor
CP1J006869mast cell protease 3 precursor
CP1J004984serine proteases 1/2 precursor
CP1J018529trypsin 1 precursor
CP1J002140collagenase precursor
CP1J016012collagenase precursor

Zn-dependent CP1J000990cytosol aminopeptidase

exopeptidases
CP1J003539cytosol aminopeptidase
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Protein

CP1J009640cytosol aminopeptidase
CP1J011999zinc carboxypeptidase A 1
precursor
HSP20like CP1J005642heat shock protein 27

modificatiochaperones

n

CP1J005646alphaAcrystallin, putative

Transport Integral outer CPI1J013907conserved hypothetical protein

Metabolis Amino

m

membrane
protein TolC,
efflux pump
component
CP1J018992conserved hypothetical protein
Lipocalins CP1J015730apolipoprotein D, putative
CP1J015727apdipoprotein D, putative
Mitochondrial CPIJO05941ADP,ATP carrier protein 2
carrier
SNARE fusion CP1J009052myosin motor, putative
complex
t-snare proteinsCP1J014869conserved hypothetical peih
Glutamine CP1J002029arginine kinase

acids m/tr synthetase/gua

do kinase

Carbohydri(Trans)glycosidCP1J013084brain chitinase and chia

te m/tr

ses
CP1J008532glycoside hydolases
CP1J019693alphaglucosidase precursor
Invertebrate  CPI1J000248conserved hypothetical protein
chitin-binding
proteins
CP1J006133conserved hypothetical protein
CP1J003962conserved hypothetical protein
CP1J009451conserved hypothetical protein
Xylose CP1J005176protein G12 precursor
isomerasdike

CoenzymeAcyl-CoA CP1J016452acylcoa dehydrogenase

m/tr

dehydrogenase
NM domainlike
CP1J016453acylcoa dehydrogenase
Cell wall CP1J006797conserved hypothetical protein
binding repeat
Glutathione  CP1J00609 conserved hypothetical protein
synthetase ATP
binding domain
like
Precorrin8X  CPI1J019685conserved hypothetical protein
methylmutase
ChiC/CobH

E- transfer Cytochrome ¢ CP1J010388cytochrome €

Energy

Lipid m/tr

CP1J000571conserved hypothieal protein
Mitochondrial CPI1J014384conserved hypothetical protein
cytochrome ¢
oxidase subuni
Vlla
Mitochondrial CPI1J008751conserved hypothetical protein
cytochrome ¢
oxidase subuni
Vlilb (aka 1X)
Apolipoprotein CP1J802074conserved hypothetical protein
A-l

CP13801556conserved hypothetical protein

NucleotideNucleoside CP1J012972conserved hypothetical protein
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m/tr hydrolase
Other Acetyl-CoA
enzymes synthetasdike

Actin-like

ATPase domair

alpha/beta
Hydrolases

Galactose
mutarotasdike
Glycoside

hydrolase/deac

ylase
Lysozymelike

SGNH
hydrolase

N-terminal
nucleophile

aminohydrolase

s (Ntn
hydrolases)
PolysacchéUDP-

ride m/tr  Glycosyltransfe

ase/glycogen

phosphorylase

Redox Aminoacid

dehydrogenase
like, N-terminal

domain
Aromatic
aminoacid

monoxygenase

catalytic and

oligomerization

domains
Cytochrome
P450

CP1J0157164-coumarateCoA ligase 1

CP1J003423AMP dependent ligase
CP1J014564heat shock protein 70 B2

CP1J019227pancreatic triacylglycerol lipase
precursor
CP1J005348lipase 3 precursor
CP1J002073juvenile hormone esterase
CP1J013679alphaesterase, putative
CP1J016686esterase FE4 precursor
CP1J006547hepatic triacylglycerol lipase
precursor
CP1J002720lysosomal acid lipase, putative
CP13802328conserved ypothetical protein

CP1J018088conserved hypothetical protein

CP1J009668conserved hypothetical protein
CP1J014435hypothetical protein
CP1J012577phospholipase b, plbl

CP1J012575phospholipase b, putative
CP1J019795conserved hypothetical protein

CPI1J000038UDP-glucuronosyltransferased
precursor

CP1J000040UDP-glucuronosyltransferase
2B1

CP1J009316hypothetical protein

CP13802191glucosyl transferase

CP1J011318conserved hypothetical protein

CP1JL4156 conserved hypothetical protein

CP1J017198CYP325BF1delbf

CPI1J015953CYP325BF1v2£
CPI1J019704CYP6N11£
CP1J800210CYP6BY2£
CP1J800176CYP6M14£
CP1J800256CYP4H34£
CP1J800180CYP6N19£
CP1J800178CYP6M16£
CP1J800175CYP6M13£
CP1J800177CYP6M15£

Formae/glycereCP1J002343conserved hypothetical protein

te

dehydrogenase
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catalytic
domainlike
LDH C-terminalCP1J004727conserved hypothetical protein
domainlike
NAD(P)-linked CPI1J000901conserved hypothieal protein
oxidoreductase

CP1J009681translocator protein
Thioredoxin  CP1J010478conserved hypothetical protein
like

SecondaryConcanavalin ACP1J001299Keratinocyte lecti, putative
metabolisnlike

lectins/glucana:

es

CP1J016495thrombospondift, putative
Dimeric CP1J002813conserved hypothetical protein
alpha+beta
barrel
PR-1-like CP1J000211cysteinerich secretory protei2,

putative

TransferasPLP-dependentCP1J010034glutamate decarboxylase

s
No No
annotatiorannotation

transferases
No annotation CPIJ007504bumetanidesensitive sodium
(potassiumhloride
cotransporter
CP1J004245catonic amino acid transporter
CP1J010699cecropin
CP1J005108cecropin
CP1J004293cuticle protein, putative
CP1J003491cuticle protein, putative
CPIJ017925cuticle protein, putative
CP1J001839cuticle protein, putative
CP1J000106¢elongase, puatative
CP1J013663elongase, putative
CP1J003687elongation of very longhain
fatty acids protein 4
CP13J006964high affinity nuclear juvenile
hormone binding protein,
putative
CP1J016318larval cuticle protein 8.7
CP1J004289larval cuticle protein A3A
CP1J002801larval/pupal cuticle protein H1C
precursor
CP1J005349lysosomal acid lipase, putative
CP1J004704myosin motor, putative
CPI1J007819NADH:ubiquinone
dehydrogenase, putative
CP1J0081360siris 11
CP1J0098290siris 18
CP1J0049110siris 21, putative
CP1J0081400siris, putative
CP1J0111000siris, putative
CP1J001618protofilament ribbon protein
CP1J006318protorrcoupled amino acid
transporter 1
CP1J009324pupal cuticle protein 78E,
putative
CP1J018582pupal cuticle protein, putative
CP1J008231pupal cuticle protein, putative
CPI1J010700putative 4.2 kda basic salivary
peptide
CP1J008286serine protease, putative
CP1J012056sodiumdependent serotonin
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transprter
CP1J801536sodium/potassiurdependent
ATPase bet2 subunit
CP1J012066sodium/shloride dependent am
acid transporter, putative
CP1J801722sodium/solute symporter
CP1J801721sodium/solute symporter
CP1J015023stretchinmick
CP1J013788structural contituent of cuticle,
putative
CP1J012065tryptophan transporter
CP1J802272consered hypothetical protein
CP1J018910conserved hypothetical protein
CP1J007289conserved hypothetical protein
CP1J014232conserved hypothetical protein
CP1J017629conseved hypothetical protein
CP1J004475conserved hypothetical protein
CP1J012507conserved hypothetical protein
CP1J008525conserved hypothetical protein
CP1J017913conserved hypothetical protein
CP13802297conserved hypothetical protein
CP1J009334conserved hypothetical protein
CP1J006965conserved hypothetical protein
CP1J002836¢conserved hypothetical protein
CP1J010705conserved hypothetical protein
CP1J010748conserved hypothetical protein
CP13J801448conserved hypothetical protein
CP1J006959consered hypothetical protein
CP1J009100conserved hypothetical protein
CP1J004790conserved hypothetical protein
CP1J008211conserved hypothetical protein
CP1J007448conservedypothetical protein
CP1J000450conserved hypothetical protein
CP1J016842conserved hypothetical protein
CP1J011498conserved hypothetical protein
CP1J010184conserved hyothetical protein
CP1J007813conserved hypothetical protein
CP1J020250conserved hypothetical protein
CP1J006892conserved hypothetical protein
CP1J002597conserved hypbietical protein
CP1J013908conserved hypothetical protein
CPI1J010176conserved hypothetical protein
CP1J007344conserved hypothetical protein
CP1J006083conserved hypothetit protein
CP1J008664conserved hypothetical protein
CP1J016283conserved hypothetical protein
CP1J014725conserved hypothetical protein
CP1J011914conserved hypotheticarotein
CP1J018462conserved hypothetical protein
CP1J008775conserved hypothetical protein
CP1J016278conserved hypothetical protein
CP1J011487conserved hypotheticarotein
CP1J018794conserved hypothetical protein
CP1J005199conserved hypothetical protein
CP1J006046conserved hypothetical protein
CP1J018443conserved hypothetit protein
CP1J007442conserved hypothetical protein
CP1J008147conserved hypothetical protein
CPI1J017621conserved hypothetical protein
CP1J002735conserved hypotheticatqtein
CP1J006215conserved hypothetical protein
CP1J014238conserved hypothetical protein
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0.8

1.9

0.5
0.2
90.5

0.8
46.8
36.2
221
19.8
195
191
16.1
14.2
134
12.5
12.3
10.1

8.8

6.6

5.7
55
5.3

4.6
4.1

3.7
3.7
3.3

2.7
2.3
2.1
1.9
1.8
1.7
1.7
1.4

0.9
0.9
0.8
0.7
0.6
0.6
0.6
0.4
0.4
0.3
0.3
0.2
0.2

14.2*
2.4

-1.1
2.4
2.5

2.9
3.5*
3.5*

18
4.4*
3.0*

1.9
2.9*
4.3*
3.0*

2.1

1.2

11
1.4
1.7
15
2.4
2.3

2.9
8.2*
1.8
1.6
1.4
3.4*
3.2*
4.9*
3.1

2.5
2.1
1.6
2.7
5.6*
2.1
-1
4.2*
6.1*
5.0*
6.1*
5.9
2.3
2.6
74.4*
4.5*
3.3
5.7
6.6
2.5*§
2.08
0.28

32.5%
44.6*

6.0*
7.5*

5.1*

17.5*%
4.1*

5.1*
2.2
3.5

4.1*

4.0*

4.9*
3.6
2.2

4.0*

3.8*
3.5

3.8*

4.1*

3.8*

5.4*

4.9*

4.3*

-2.8

5.9*

3.8*

4.1*

4.0*

4.7*

4.8*

4.2*

8.0*

3.9*

4.2*

4.2*

4.0*

4.6*

13.6*
1.6

6.1*
3.2
5.2
2.4

5.0*

10.9*
3.5

6.2*
4.8
4.5

9.9*

9.2*
2.2*§
0.88
0.58

24.9*
42.7*

5.1*
3.7
12.2*
4.2

21.2*
3.8
9.3*
3.4

11.2*
3.3
3.7*
5.4
5.1*
3.4
5.1*
25
5.5%
4.3*
3.2
3.5
2.6
4.0*
4.3*
3.6
5.5%

19.5*
3.3
3.2
3.8*

3.4
5.8*
4.9%

3.1

3.7
4.5*

3.1

3.9

10.2*

6.6*
2.3
4.4

16.8*

2.8

6.1*
10.7*
6.3*
3.4
259.6*
5.2*
5.9
12.4*
7.8
2.9*8
7.3*§
1.3*§



CP1J014355conserved hypothetical protein
CP13802086hypothetical protein
CP1J010703hypothetical protein
CP1J009104hypothetical protein
CP1J012015hypothetical protein
CP1J009101hypothetical protein
CP1J011254hypothetcal protein
CP1J004688hypothetical protein
CP1J014436hypothetical protein
CP1J019329hypothetical protein
CP1J000531hypothetical protein
CP1J013119hypothetical protein
CP1J010444hypothetical protein
CP1J018459hypothetical protein
CP1J005376hypothetical protein
CP1J019239%9hypothetical protein
CP1J015171hypothetical protein

Other Unknown Cysteinerich  CP1J007580conserved hypothetical protein

function

RegulatiorDNA-
binding

domain
E set domains CPI1J020106translocator protein
CPI1J002737MPA2 alergen
CP1J013180conserved hypothetical protein
Fibrinogen CP1J014143conserved hypothetical protein
coiled-coil and
central regions
Spollaalike CP1J005331sulfate transporter, putative
betabetaalpha CP1J007837zinc finger protein
zinc fingers
CP1J016287conserved hypothetical protein
CP1J018516conserved hypothetical protein
Glucocorticoid CP1J008216nuclear hormone receptor ftx
receptodlike
(DNA-binding
domain)
Homeodomain CP1J012997Eip93F
like
Leucine zipper CP1J019348sarcolemmal associated protei
domain putative
CPI1D04502 conserved hypothetical protein
RPB6/omega CPI1J005881conserved hypothetical protein
subunitlike

Kinases/ptProtein kinase CP1J801694testisspecific serine/threonine
osphatasedike (PK-like) protein kirase 1

activity

CP1J005558conserved hypothetical protein
CPI1J013214ragel
CP1J007354testisspecific serine/threonine
protein kinase 6
CP1J017094protein serine/threonine kingse

putative
Receptor Cytoplasmic CPIJ009621conserved hypothetical protein
domain of a
serine
chemotaxis
receptor

Signal

CP1J006799conserved hypothetical protein
cAMP-binding CP1J008823conserved hypothetical protein

transductiodomainlike

n

CP1J006213cyclic nucleotidegated cation
channel 4
Insect CP1J0127190dorant binding protein OBP2C
pheromone/odc
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0
7.4
50.4
43.4

43
38.3
31.6
23.2
21.4
14.6
12.9

9.2

2.9

2.1

0.7
0.4

0.9
11.4

0.3

8.2
1.7

0.3
3.1

1.8
0.1

0.1
0.2

15
1.8
0.3
0.2

16

0.3
0.3

0.1

1.9

1.38
2.3
2.3
1.9

2.8*
2.1
2.1

3.9*
2.1
-5.6
1.4

3.0*
3.4

2.6
6.9
1.08
3.1
6.5%
-1.1
4.8*
2.5
-1
3.2*

8.9*
2.8

3.1*
3.4

10.2*
9.0*

4.0*
-1.9
5.9*
4.6
1.7

3.1*
5.6*
3.5

3.9

2.2

0.88
6.5*
7.0*
6.3*
2.6
4.9*
6.0*
5.2*
5.4*
8.2*
2.4
4.2*
7.0*
13
4.5
421*
2.2*§
4.8*

6.8*
1.7

11
5.6*

1.8
3.4
2.2

7.3
4.6*

4.6*
8.1*

11.4*
8.2*

4.9*
6.9*
6.5*
4.2*

4.0*
1.6
5.0*

6.1*

4.6*

3.5*§
4.6
5.0*
4.2*%
2.8
4.7
5.2%
4.8*
29
9.4*
4.2*
7.1*
6.2*
6.9*
6.8*
11.5
0.98
4.6

8.2*
3.9%

7.9%
4.7

5.2
4.1*
2.6

10.6*
4.2%

4.8*
6.1

12.8*
7.1*

4.1*
6.5*
4.8
5.9
3.4

3.5

15.7*
4.7

6.1*



antbinding

proteins
CP1J®1874 Odorantbinding protein 56a, 0.9 31.6* 3 62.1*
putative
CP1J0095680dorant binding protein OBP8 0.3 -1 37.2* 24.0*
CP1J8017150dorantbinding protein 56a 0.2 36.5* 29 63.1*
Nicotinic CP1J016909nicotinic acetylcholine receptor. 2.9 1.3 3.4 5.3*
receptor ligand beta2 subunit, putative
binding domain
like
Nuclear receptcCP1J014945nuclear hormone receptor ftk 8.2 2.6 5.1* 4.0*
ligand-binding
domain
CP1J008215nuclear hormone receptor {tx 45 2 4.4* 3.1
PDZ domain CPIJ001710conserved hypothetical protein 0.3 4.4 3.6 11.0*
like
PYP-like sensoiCP1J007193period circadian protein 0.4 3.6* 2.8 2.8
domain (PAS
domain)
Regulator of G CP1J004658betaadrenergic receptor kinase 0.5 5.1 7.1* 5.3
protein
signaling, RGS
Ypt/RabGAP CPI1J001736conserved hypothetical protein 0.7 3.7 3.1 3.9
domain of
gyplp

ASCOP general and detailed functions using the predteduinquefasciatuannotation

information available at the Superfamily website (version 1.75)
supfam.cs.bris@auk/SUPERFAMILY/index.html

YCulex quinquefasciatugenome, Johannesburg strain CpipJ1.3;
http://cquinquefasciatus.vectorbase.org/

£ Annotations for cytochrome P450 genes were taken from the most current annotation based on:
Nelson, DR (2009) The Cytochre P450 Homepage. Human Genomics 4659
http://drnelson.uthsc.edu/CytochromeP450.html

“Fragments Per Kilo base of gene for every Million reads mapped (FPKM)

“Significantly upregulated compared to the untreated control with a false discovery rat&.of 0.0
SFold expression relative to the untreated sample not calculable, the values represent the actual
FPKM values for the genes.

“m/tr= metabolism/transport
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Appendix 4.3 Genes dowstegulated in the pyrethroigksistant HAMCE? strain ofCulex

quinquefasciatufollowing permethrin challenge.

SCOP functional annotatiorf* Vectorbase annotatio’ FPKM*® Fold change (24h)
Permethrin
General Detailed Superfamily Accession Gene Untreated Acetone LCsy LCro
Extra-cellularBlood Fibrinogen C CPI1J013290conserved hypothetical protein 4.7 -29 43 -3.2*
processes clotting terminal domain
like
CPI1J018159fibrinogen and fibronectin 11.1 -3.3* -15.1* -12.0*
CP1J013538ficolin-1 precursor 324  -39.7* -95.8* -48.6*
CP1J017657salivary secreted angiopoietin, 134 -5.1% 42 21
putative
Cell adhesioalpha CPI1J018558conserved hypothetical protein 1 -5.8*  -1.9 -1.2
catenin/vinculin
C-type lectinlike CP1J000449galactosespecific Gtype lectin, 194 -16 -3.00 -3.7*
putative
CPI1J012307galactosespecific Gtype lectin, 62.5 -41* 15 -16
putative
CP1J016688galactosespecific Gtype lectin, 5 -8.1* -13 -15
putative
Fnl-like domain  CPI1J000931conserved hypothetical protein 8.5 22  -3.7% -3.3*
RNI-like CP1J004947leucinerich repeatcontaining 334 -3.8*  -42* -3.8*
protein 1
Immune Staphylokinase/stiCP1J801956croquemort 179.1 -1.3 -3.3  -3.7*
response  ptokinase
General General EF-hand CP1J005975conserved hypothetical protein 482.8 29 -41* -51*
WDA40 repeatike CPI1J000959conserved hypothetical protein 39.8 -4.7* -2 -2.5*
CP1J004852conserved hypothetical protein 3.2 1.3 -2.2  -2.9%
Small FAD-binding CP1J80222124-dehydrocholesterol reductase  197.8  -3.4* -2.9 -3
molecule  domain
binding
FAD/NAD(P)- CP1J010903conserved hypothetical protein 101.7 -3.3* -25* -23
binding domain
CP1J008048peroxisomal Niacetyt 5.3 -2.6 -34* -2.8*
spermine/spermidine oxidase
GST Gterminal  CP1J018632glutathiones-transferase theta, gs 457.8 -6.3* -5.0* -4.3*
domainlike
NAD(P)-binding CPI1J000372L-xylulose reductase 29.9 -3.8* -51* -45*
Rossmansfold
domains
CP1J0056550xidoreductase 55.4 -3.1* 5.1 -4.2*
CP1J0056560xidoreductase 1646  -5.6* -6.1* -4.9*
Nucleotidebinding CP1J007272d-amino acid oxidase 314 -26 -51* -3.9*
domain
P-loop containing CP1J008284canalicular multispecific organic 1.8 -21 -3.0r -3.8*
nucleoside anion transporter 1
triphosphate
hydrolases
CPI1J012368lipoproteinreleasing system AFP 3.2 54 21 -2.7*
binding potein loID
Thiamin CP1J011465C-4 methylsterol oxidase 4.6 -1.3  -3.3* -3.5*
diphosphate
binding fold
(THDP-binding)
Information Chromatin Histone H3 K4  CP1J007018conseved hypothetical protein 11.7 -1.2 -28 -3.1*
structure  specific
methyltransferase
SET7/9 Nterminal
domain
DNA RING/U-box CPI1J011986nuclear transcription factor;kxox 2 -2.6 -1.8  -3.3*

replication/re

pair

binding 1
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Translation Ribosomal proteinCPI1J005090conserved hypothetical protein
S5 domain Zike
Intra-cellular Cell cycle, CAD & PB1 CPI1J011935conserved hypothetical protein
processes Apoptosis domains
lon m/tr MFS general CP1J017878permease, putative
substrate
transporter
CPI1J00728 Sialin, Sodium/sialic acid
cotransporter, putative
CP1J012069sucrose transport protein
CP1J012070sucrose transport protein
CPI1J008941sugar transporter
CP1J012676sugar transporter
CPI1J017566synaptic vesicle protein
CPI1J003138UNC93A protein, putative
PhospholipicCRAL/TRIO CP1J014226cellular retinaldehydéinding
m/tr domain protein
CPI1J014224conserved hypothetical protein
CP1J014228conserved hypothetical protein
CP1J015060conserved hypothetical protein
Proteases Credinase/aminopCP1J015407xaaPro aminopeptidase 1
ptidase
Cysteine CP1J001239cathepsin B precursor
proteinases
Kazalktype serine CP1J000733conserved hypothetical protein
protease inhibitors
Metallo-dependeniCP1J800110conserved hypothetical protein
phosphatases
Metalloproteases CP1J004060aminopeptidase N precursor
("zincins"),
catalytic domain
CPI1J012036aminopeptidase N precursor
CP1J002943conserved hypothetical protein
CP1J013316zinc metalloproteinase
CPI1J801477protease m1 zinc metalloprotease
CPI1J801485protease ml zinc metallopratee
Serine protease CP1J012287hypothetical protein

inhibitors

Serpins CPI1J000214serpin B10
Trypsinlike serine CP1J002126chymotrypsinl
proteases

CPI1J00238 chymotrypsinogen, putative
CPI1J011617chymotrypsinogen, putative
CP1J006076hypoderminB precursor
CPI1J002128mast cell protease 2 precursor
CPI1J01064 prostasin precursor
CPI1J017798serine protease
CP1J002136serine proteases 1/2 precursor
CPI1J002137serine proteases 1/2 precursor
CPI1J007385serinetype enodpeptidase, putativ
CPI1J011383serinetype enodpeptidase, putati
CPI1J013616trypsin 5 precursor
CP1J002133trypsin epsilon precursor
CP1J006077 trypsin theta precursor
CP1J006079tryptase gamma precursor
CP1J801807brachyurin
CPI1J002142collagenase precursor
CP1J002156chymotrypsi Bl precursor
Zn-dependent CP1J010805carboxypeptidase Al precursor
exopeptidases
CP1J010801carboxypeptidase B precursor
CPI1J009738conserved hypothetical protein
CP1J010806conserved hypothetical protein
CPI1J014108conserved hypothetical protein
CP1J801685carboxypeptidase A2
CPI1J801679zinc carboxypeptidase
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10.7

55

60.2

35.8

5.9
9.7
8.7
18
7
40
394.7

15.7
253.2
24.6
46.6

91.8

287.5

21.6

285

15
126.3
2.8
575
515
52.1

5.6
70.9

93.1
382.8
8.2
65.6
37.9
4.6
179.6
47.1
32.6
1263.6
18.7
22
380.9
1353.8
278.3
2981.5
145.1
141.2

11.6
44.6
100.4
19.3
54.8
100.5

-18 21 -2.7*

-14.0* -29.0* -29.5*

-6.3* -4.0* -28

-1.8 -21  -2.6*

-3.3*  -5.0 -4.2*
-6.7*  -2.6* -2.4*
-3.1*  -3.2*  -3.7*
-3.6* -3.4* -3.1*
-5.3* 5.0 -7.4*
-9 -29* -24
-1.3 -5.1* -55*

-4.0*  -3.1* -3.9*
-25 -3.3* -2.8*
-3.6*  -22 -25*
-1.5 24 -2.9*

-3.3* 1.9 15

-3.2* -2 -16

-7 -6.9* -7.3*

-1.1 -18.5% -24.9*

21 -3.2% -3.4*
-1.2 -2.3  -3.0*
-7.8* 1.7 -1

-7 -59* -6.7*
-2 -48* -4.9*%
-5.9* 3.8 2.1

-3.7*  -2.6* -23
-2.9*  -17.3* -16.4*

-4.7%  -9.0r -7.3*
-2 -3.6 -3.7*
-4.4* 26 -21
-1.1 4.2 -4.0%
24  -25% -2.5*%
-3.6* -25 -15
-1.5 -54* -58*
11 -2.9*  -3.1*
-4.6* -10.8* -12.5*
-2.7  -12.5* -16.5*
-16.2* -3.9* -5.6*
22 -44* -4.8*
-1.8 -4.6* -5.1*
-3  -7.8* -7.3*
-9  -7.2* -6.7*
-1.4 -3.2* -3.6*
-2.0* 14 1.2
-1.6  -4.7* -4.5*

14 -6.2* -57*
-1.5 -38.1* -3.3*
-11 -11.6* -5.3*
-1.7  -29* -3.4*
-29* 47 -5.7*
-1.6 -47* -5.6*



Metabolism

Protein
modification

Transport

GroESlike

HSP20like
chaperones

CP1J801680zinc carboxypeptidase
CPI1J013379sorbitol dehydrogenase

CP1J005645heat shock protein 22

Peptide methioninCP1J018565peptide methionine sulfoxide

sulfoxide reductas

Ammonium
transporter
Lipocalins
Mitochondrial
carrier

reductase
CP1J013531ammonium transporter, putative

CPI1J801584apolipoprotein D

CP1J019873mitochondrial brown fat uncouplir
protein

CPI1J013697tricarboxylate transport protein,
mitochondrial precursor

Amino acids Arginase/deacetyliCP1J015718arginase

m/tr

m/tr

Coenzyme Cell wall binding

m/tr

E- transfer

Energy

Lipid m/tr

e

PLP-binding barrelCP1J0085560rnithine decarboxylase

Tryptophan
synthase beta
subunitlike PLP-

CPI1J0090930rnithine decarboxylase
CP1J0090940rnithine decarboxylase 1
CP1J012752cysteine synthase

dependent enzyme
Carbohydrat(Trans)glycosidas«CP1J801597alphaamylase 1

CP1J801761alphaamylase A
CP1J008663conserved hypothetical protei
CPI1J007459hypothetical protein
CPI1J005062alphaamylase
CP1J013169alphaglucosidase precursor
CP1J003338betagalactosidase
CP1J013477betahexosaminidase
CP1J008529lactasephlorizin hydrolase
precursor
CPI1J008530lactasephlorizin hydrolase
precursor
CPI1J008531lactasephlorizin hydrolase
precursor
CPI1J005725alphaamylase A precursor
CPI1J009306neutral alphaglucosidase ab
precursor

Invertebrate chitin CP1J004731conserved hypothetical protein

binding proteins

repeat
SCRlike

CPI1J011623conserved hypothetical protein
CPI1J012138conserved hypothetical protein
CPI1J014181conserved hypothetical protein
CPI1J014194conserved hypothetical protein
CPI1J015734conserved hypothetical protein
CPI1J016342conserved hypothetical protein
CPI1J003955predicted protein
CPI1J004733predicted protein
CP1J018945predicted protein
CPI1J016313endocuticle structural glycoproteil
SgAbd2
CP1J015122sterol carrier protei2, putative

Single hybrid motiiCP1J016638glycine cleavage system h proteir
CO dehydrogenasCP1J000151sodium/solute symporter

molybdoprotein N

domainlike

Citrate synthase CPI1J010291citratesynthase, mitochondrial

precursor

PEP carboxykinasCP1J010515phosphoenolpyruvate carboxykini

like

CP1J010518phosphoenolpyruvate carboxykini

Acyl-CoA binding CPI1J011388diazepam binding inhibitor, putati

proten
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41.6
73.6

244

7.8
42.1

47.6
30.2

4.1
6.9
13.7
48.5

387.1

346.3
219.4
23.7
249.1
13.7
62.4
1.6
54

242.1
138.1

48.7
7.6

11.9

74.9
546.8
235.5
114.7

23.9

58.7
211.7

50.4

134

5.3

2729.5
112.8
20.5
8.6
87.3

154.2
718.5

17
-4.2

-1.3
-3.8*
-3.4*

-4.3*
-3.1*

-3.1*
-3.0*

-8.3*
-1.9
-1.6

-4.2*

11

-1.8
-2
-2.5
-1.4
-1.2
-15
15
-1.9

-2.9
-2.5

-15
-19

-5.3*

-3.1*
-1.6
-2
-5.1*
-5.3*
-4.7*
-2.4
-15
-15
0.0*

-3
-3.3*
-1.3
-2.5
-9.5*

-6.2*
-5.5*

-3.6*
-2.1

-9.2*
2.1

13

-3.8*
-2.2
-3.3*

-2.1
-2
-3.4*
-8.3*

-22.1*

-5.8*
-4.8*
-2.7*

-3.2
-2.6*
-3.2*
-3.0*
-4.2*

-16.7*
-5.0*

-4.2%
-5.4*

-2

-2.4
-4.3*
-3.1
-1.6
-1.2
-1.2
-7.9%
-3.7*
-2.9*
-39.8*

-4.2%
-2
-2.5%
-3.1*
-4.2%

-4.0%
-4.5%

-3.2%
-1.8

2.4

-1.7

13
-3.3*

-2.3

-3.9*

-1.5
-2.5%
-3.1*
-5.5%

-23.6*

-5.4*
-5.7*

-1.3
-4.8*
-2.5%
-3.3*

-2.1
-4.2*

-17.1*

-5.3*

-3.4*
-7.1*

-2.3

-3.1*
-5.0*
-3.5%
-1.9
-1.4
-1.6
-4.7*
-4.6*
-4.7*
0.0*

-3.6
-1.9
-1.4
-2.4%
2.7

-3.2
-4.6*



Tp47 lipoprotein, CP1J016325conserved hypothetical protein
N-terminal domain
Nitrogen m/tRmlIC-like cupins CP1J020056cysteine dioxygenase
Nucleotide Adenine nucleotidCPI1J007938asparagine synthetase B

mitr alpha hydrolases
like
SAICAR synthaseCP1J801627purine biosynthesis protein 6, pur
like

Other Acetyl-CoA CPI1J016639acetytcoa synthetase

enzymes  synthetaseike
CP1J012907Iuciferin 4monooxygenase
Actin-like ATPase CP1J012574actin

domain
CPI1J006534conserved hypothetical protein
CP1J011081heat shock protein 70 B2
CP1J011082heat shock protein 70 B2
CP1J011083heat shock protein 70 B2
Alkaline CPI1J001264alkaline phosphatase
phosphataséke
CP1J001265alkaline phosphatase
CPI1J001262alkaline phosphatase
CP1J015241alkaline phosphatase
CP1J018121membranebound alkaline
phosphatase precursor
alpha/beta CPI1J018233esterase FE4 precursor
Hydrolases

CP1J001372bphl protein
CPI1J018231carboxylesterase
CP1J018232cholinesterase
CP1J®7461 epoxide hydrolase
CP1J004637glutactin precursor
CPI1J001121kynurenine formamidase
CP1J004227lipase
CP1J004228lipase
CPI1J004230lipase
CPI1J002726lipase 3 precursor
CP1J008876lysosomal preX carboxypeptidase
putative
CPI1J004224pancreatic triacylglycerol lipase
CPI1J004226pancreatic triacylglycerol lipase
CPI1J019228pancreatic triacylglycerol lipase
CPI1J004225pancreatic triacylglycerol lipase
precursor
CPI1J005462pancreatic triacylglya®l lipase
precursor
CP1J008873prolylcarboxypeptidase, putative
CP1J008874prolylcarboxypeptidase, putative
CP1J008877prolylcarboxypeptidase, putative
CP1J008878prolylcarboxypeptidase, putative
CP1J002911retinoidtinducible serine
carboxypeptidase precursor
CP1J018060thymusspecific serine protease
precursor
CPI1J01®61 thymusspecific serine protease
precursor
CPI1J801474conserved hypothetical protein
CPI1J801475conserved hypothetical protein
CP1J802425dipeptidyl peptidase 4
CalciumdependenCPIJ007528anterior fat body protein
phosphotriesteras:
CPI1J007230regucalcin
Carbonnitrogen CP1J003840aliphatic nitrilase, putative

hydrolase
Carboric anhydrasCP1J014281carbonic anhydrase precursor
Cytidine CPI1J801876cytidine deaminase

deaminasdike
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359.9

54.1
11.3

104.8
48.5

17.3
36.4

19.7
11
4.2
3.4

33.2

75.5
99.4
8.1
107.2

3085

30.6
36.1
259.7
219
41.1
29.7
631.6
1160
170.5
116.5
439.2

347.8
22.7
7.2
482.6

19.5

194
252.8
17.1
13.3
48.1

53.7
6.6
260
30.5

70

116.4

72
59.4

34.9
13.3

-2.8*  -3.0*
-5  -24*
-4.4* -1.8
-3.2*  -3.8*
29 -14
-3.3* 13
-1.3 -3.8*
4.2 -15
1.7 -5.8*
-1.3  -7.4*
-16  -7.8*
24  -3.7*
-1.3  -54*
-16  -4.0*
-3.9*  -2.9*
-2.2  -11.9*
-2.1*  -7.9%
-2.7%  -2.6*
-2.2  -12.7*
12 -4.2*
-4.5%  -3.0*
-9.2*  -4.3*
-3.4*  -2.6*
-1.9  -19.4*
-2 -8.5*
-1.8  -8.7*
23 -8.7*
-2.3  -10.8*
-16  -4.7*
-2 -7.2%
-3.2* 14
-1.8  -6.8*
-16  -2.4*
14 -3.1*
-14  -4.3*
-22.6*  -4.7*
-139.5*% -14.4*
-2 -6.7*
-1.3 -4.3*
-1.3 7.7
-2.6 -10.7*
-1.5 -30.8*
21 8.3
-41*  -1.9
-8.2*  -5.6*
-1.5 -2.2
-1.4 -2.6%
-3.9% 2.2

-2.8*

-2
-1.9

-2

-1.2

1.4
-3.6*

-1.8
3.3
1.8
15

-5.3*

-6.5*

-5.3*

-2.6*
-15.4*

-8.0*

-2.8*
-14.3*
-4.1
-2
-4.0*
-3.0*
-16.1*
-9.5*
-7.0*
-13.3*
-11.9*

-5.0*
-5.6*
1.6
-7.9*

-3.0*

-3.2%
-4.5%
-6.0¢
-22.0*
-8.1*

-5.7*
-5.0*
-11.4*
-50.7*
-38.7*
-1.9

-5.1*
-2.7*

-2.6*
-3.0*



HAD-like CP1J008977pyridoxal phosphate phosphatase
Isochorismatase CP1J008109conserved hypothetical protein
like hydrolases

Metallo-dependeniCP1J003807allantoinase

hydrolases

N-acetylmuramoylCP1J016771peptidoglycan recognition protein
L-alanine amidase precursor

like

N-terminal CP1J802450gamma glutamyl transpeptidase
nucleophile

aminohydrolases
(Ntn hydrolases)
Thiolaselike CPI1J005595fatty acid synthase-S
acetyltransferase
YVTN repeat CP1J009045conserved hypothetical protein
like/Quinoprogin
amine
dehydrogenase
PhotosyntheLight-harvesting CP1J005531conserved hypothetical protein
s complex subunits
PolysacchariRicin B-like lectinsCP1J01316 16 kDa salivary peptide, putative
e mitr
Redox Acid CP1J013993amino acid transporter
phosphatase/Vane
um-dependent
haloperoxidase
ALDH-like CP1J009438aldehyde dehydrogenase
Aromatic CP1J002149phenylalanine hydroxylase
aminaacid
monoxygenases,
catalytic and
oligomerization
domains
Cytochrome P450CP1J800155CYP15B1
CP1J800249CYP4D42
CP1J800254CYP4H30
CP1J800257CYP4H35
CP1J800260CYP4H38
CP1J800227CYP9J38
CP1J016284CYP4J4
Di-copper centre CP1J007783arylphorin subunit alphprecursor
containing domain
CPI1J006537larval serum protein 1 beta chain
precursor
CPI1J006538larval serum protein 1 beta chain
precursor
CPI1J018824larval serum protein 1 beta chain
precursor
CP1J000056hexamerin 1.1 precursor
CPI1J007783hexamerin 1.1 precursor
CPI1J009032hexamerin 1.1 precursor
CP1J009033hexamerin 1.1 precursor
CPI1J001820Larval serum protein 2 precursor
Thioredoxinlike = CPI1J018629glutathiones-transferase theta, gs
CP1J008450peroxiredoxiné
Secondary Concanavalin A CPIJ001786collagen alpha chain
metabolism like
lectins/glucanases
CPI1J006421conserved hypothetical protein
CPI1J004229gram negative bacteria binding
protein 2
CPI1J004321gramnegative bacteria binding
protein
CPI1J004323gramnegative bacteria binding
protein
CPI1J004325gramnegative bacteria binding

258

1.6
13.3

85

43398

7.7

80.5

24

12.9

115

1.1

84.7
34.8

14
16.6
214
15.8
20.3

5.8

1.8

3799.6

68.1
96.3
203
1590
3800
357
15465.4
6341.4
96.5

183.5
6.8

16.2

1.3

199.5

141.5

11.1

-6.9*
-1.4

-5.4*

-1.6

-1.4

-4.4*

-22.6*

-3.4%

-11

-2.6
-2.8*

-1.9
-1.5
-1.7
-2.5
-1.7
11
-1.6
-7.6*

-5.9*
-6.2*
-6.0*
-4.9*
7.6
3.7*
-1.9*
5.7*
-3.0*

-4.0*
21

-2

-2.7

13

-1.4

-2

-17.8*
-3.1*

-4.7*

-15.0*

-7.2*

-3

-3.1*

-2.5%
-4.1*

-1.6

-3.1*
-2.2

-1.4
-2.8*
-6.5*
-2.4*
-3.2*

-1.9
-3.3*

-7.3

-9.0*
-6.8*
-6.1*
-5.4*
-7.3%
-3.6*

-15
5.4

1.7
3.1
-3.7*

2.4

-12.6*
-4.0%
-3.2*

-2.9*

-3.6*
-3.1*

-7.8*

-13.6*

-7.2*

-3

-4.3%

-2.9*

-2.2

-7.0*

-2.8
-1.6

-3.2*
-2.7*
-6.8*
-2.4*
-3.8*
-2.4*

-2.7

-9.1*
-6.0*
-6.2*
-4.3*
-6.8*
-2.8*

-1.6
-6.0*

-1.8

-3.4*
-4.0*

-2.5*%

-25.6

-4.6*

-3.2%

-4.7%



TransferasesAcyl-CoA N-
acyltransferases
(Nat)
Glycerol3-
phosphate (1)
acyltransferase
PLP-dependent
transferases

No No No annotation

annotation annotation

Other Unknown E set domains

function

Viral proteinsHead and neck
region of the
ectodomain of
NDV fusion
glycoprotein

Regulation DNA-binding"Winged helix"
DNA-binding
domain

protein
CPI1J004320gramnegative bacteridinding

protein 1 precursor
CP1J015296retinokbinding protein

CPI1J8021461-acytsnglycerot3-phosphate
acyltransferase
CPI1J006619cystathionine gammbyase

CP1J0044000rnithine aminotransferase,
mitochondrial precursor

CP1J008287phosphoserine aminotransferase
CPI1J0171462-acylglycerol Qacyltransferase-2
A

CPI1J013992amino acid transporter, putative
CP1J802440cuticle protein CP14.6
CP1J003483cuticle protein, putative
CP1J003484cuticle protein, putative
CP1J003485cuticle protein, putative
CP1J007171protoncoupled amino acid
transporter 1
CPI1J801724sodium/solute symporter
CP1J003879lipid storage droplets surface
binding protein 1
CP1J000534hypothetical protein
CPI1J000535hypothetical protein
CPI1J007722hypothetical protein
CP1J011256hypothetical protein
CP1J019329hypothetical protein
CPI1J005479hypothetical protein
CP1J008508predicted protein
CP1J009902predicted protein
CPI1J017828predicted protein
CPI1J017829predicted protein
CP1J801843conserved hypothetical protein
CPI1J801846conserved hypothetical protein
CPI1J801847conserved hypothetical protein
CPI1J002115conserved hypothetical protein
CPI1J002309conserved hypotheticarotein
CPI1J003026conserved hypothetical protein
CPI1J003129conserved hypothetical protein
CPI1J008107conserved hypothetical protein
CPI1J008353conserved hypbetical protein
CPI1J008379conserved hypothetical protein
CP1J009330conserved hypothetical protein
CP1J010904conserved hypothetical protein
CP1J01113 conserved hypothetical protein
CPI1J011505conserved hypothetical protein
CPI1J017076conserved hypothetical protein
CPI1J017687conserved hypothetical protein

CPI1J018825larval serum protein 1 beta chain

precursor
CPI1J002744conserved hypothetical protein
CPI1J018326conserved hypothetical protein
CP1J004282hexamerin 2 beta

CP1J802080conserved hypothetical protein

CPI13B01885 conserved hypothetical protein

ParB/Sulfiredoxin CP1J009003conserved hypothetical protein
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134.9

5.7
25.1

56.9
110.7

313
63.9

5.1
232.4
61.1
59.5
42.3
7.6

18.1
60.2

17.2
28.6
534.9
74.8
14.6
22.2

16.7
841.3
78.8
230
380.2
137.5

66.7

10.8
4.3
55.9
466.9
12.6
128.4
3.9
39.6
216
218
154.6

670.9
1192.8
44.8

9.1

44.2

16
-4.9%

-3.5*
-1.6

-1.6
-5.6*
-3.6*
-3.9*

-1.9

-1.9

-3.4*
-3.0%

-2.8
-2.7
11
-1.7
-5.6*
-18.7*
-3.7
-2.3
-8.2*
-3.4*
-3.0*
-2.4
-7.3*
-3.5*
-3.8*
-5.0*
-3.3*
1
-1.8
-1.7
-6.8*
-2.9*
-3.4
-4.1*
-19
-3.4*
-6.0*

-1.3
-8.2%

-2.1
-1.8

-1.7

-2

-38.1*

-3.6

-3.2%

-4.5%

-5.8*

-23
-2.6

-3.1*
-5.4*
-4.5%
-3.8*
-4.7*
-3.4*

-2.7*
-1.2

-4.1*
-3.3*
-3.3*
-2.5%
8.2
-2.4
-7.0*
-12.7*
-5.7
-4.4*
-3.6*
-3.2*
-10.4*
-1.2
-3.2*
-4.0*
-1.6
-2.5*
-2.2
-4.3*
-8.6*
-2.1
-3.2*
-2.1
-3.8*
-2
-6.6*
-7.8*
-1.7

-4.3*
2.7

-2.6*

-2.4%

-24.8*

-5.7*%

-3.0*

-4.0*

-6.5*

-1.6
-2.8*

-2.3
-5.8*
-3.6*
-3.3*
-3.1*
-2.8*

-2.8*
11

-1.9
-2.3
-2.6
-1.5
9.4
-3.8*
-2.7
-12.9*
-3.6
-4.1*
-2.2
-1.6
-2.5%
-1.4
-2.5*
-6.4*
-1.5
-1.7
-2.5*
-2.6
-8.3*
-2.5
-1.5
-1.6
-7.8*
-11
-5.5%

-8.6*
-2.1

-5.9*
-3.2%

-2.8*

-2.7*



ROP protein CPI1J009715conserved hypothetical protein 1050.3 -2 -18.7* -21.7*
Kinases/phoProtein khaselike CPI1J018315NIMA -family kinase NERCC1 2.5 -25 -41* -509*
phatases  (PK-like)

CP1J010321conserved hypothetical protein 4.9 -3.6* -3.0r -2.9*
CP1J007628Juvenile hormonénducible protein  28.1 26 -25% 22
putative
CPI1J010315Juvenile horroneinducible protein  16.5 -23 -8.2* -8.4*
putative
Receptor Chemosensory CPI1J801979serine/threonine kinase 6.5 -33.4*  -4.3* -50*
activity protein Csp2
CP1J801985serine/threonine kinase 5.2 43 -7.9* -6.4*
SRCRIike CP1J006993proteinlysine 6-oxidase, putative 6.6 27 -2.7%  -2.4%
Signal Growth factor CP1J005087cell wall cysteinerich protein 8.1 -4.2%  -2.7%  -2.6*
transduction receptor domain
Insect CP1J0107870dorant binding protein OBP51 71.2 -3.6¢ -15  -15
pheromone/odorai

-binding proteins
CPI1J0046350dorantbinding protein OBPjj7a 1154  -34* -23 -1.7

CP1J012786predicted protein 13.3 -4.4*  -49* -3.4*
CP1J801711hypothetical protein 4268 -7.3* -58* -4.7*
CPI1J801713hypothetical protein 225 -9.4* -12.6* -9.0*
CP1J801712predicted protein 430.7 -4.9* -4.4* -29*
CP1J801709predicted protein 8.8 -5.8* -9.6* -3.3*
PH domainlike = CP1J801535sodium/potassiurdependent 16.8 -94* 21 -3.8*

ATPase bet& subunit
ASCOP general and detailed functions ushegpredictedCx. quinquefasciatuannotation information available at
the Superfamily website (version 1.75) supfam.cs.bris.ac.uk/SUPERFAMILY/index.html
YCulex quinquefasciatugzenome, Johannesburg strain CpipJ1.3; http://cquinquefasciatus.vectogdase.or
£Annotations for cytochrome P450 genes were taken from the most current annotation based on: Nelson, DR (2009)
The Cytochrome P450 Homepage. Human Genomics-8558ttp://drnelson.uthsc.edu/CytochromeP450.html
“Fragments Per Kilo base of gene for gvighillion reads mapped (FPKM)
"Significantly downregulated compared to the untreated control with a false discovery rate of 0.05.
" m/tr= metabolism/transport
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Appendix 6.1 List of primers used for the gFHCR determination of ges.

Vectorbasé Forward primer (5' -3") Reverse primer (5-3")
CP1J000841 CTTGATCTGGGCGTGAACA TTTTCCATGGGCTCCAAAG
CP1J001357 TCGGGATCGTCATCTTCTTC GACCGATCGGCAGTGTACG
CP1J002046 AATTCCGAACCGTCGTCAC GTAGGTCGCGGCATAGCTC
CP1J003456 GCACATCCCCGAAGTGTC CCAGCTGGGCGTAAATGA
CP1J003525 GGCGTAACGTGGATGTTTCT ATAAACTTGAACGCCGTTGG
CP1J003531 ACGAATCGTACGACCTGGAC CTTCTGGCCAAGCTTCAAAC
CP1J003879 CAGCTGGCAGTGTTGCTG TCCAAGTGGACGGCCTTA
CP1J003915 GACGAGCACGTTACGCTCA ACGGACCACCAGAGTCACC
CP13J004290 AAGGCCGTCGATGACTACG AATCCGTTGACGGGATCAG
CP1J004640 TTCCAGGTGTCCCTCATCC TCAGCGCGTTGTAGTTTGG
CP1J004660 GAACCGATTCACCGTCCTG ATCCACCGCAGAAGTGTCC
CP1J005273 GAACCGGCTGACGAGAGTC GCGTCCTTTCCTCCTTCCT
CP1J005473 CCTGCCGGACAAAGACTAAG TCGGGGGTTGTTAGTACCAG
CP1J005952 TACGAGCTGGCCCTRATCCGTTT AGACTTTCCGCAGGTGGGTACTTT
CP1J006502 GTTCCACCACATCCCAACTC CGGCTCAAACAGATCAGACA
CP1J007079 ATCCATCATCTCGCCCAAG TTCAGCTCCAGCAGGGAGT
CP1J007193 ACGACGCCCAGTATTACGC ATACTTGCGCAGCATCACG
CPI1J007471 TGGATCTGCTGCGTCTGA AGCGCCAGTTTGAGTTGC
CP1J008286 GACCGGGAAGTCAGATCCA TGCGTTCCAGATGAAGGTG
CP1J008515 GATCCTCAGCGATCGAAGC CAGCAGCTCGTTGCACACT
CP1J010190 AACGCTTCTGCCAGTGTC AAAACCACATGCCAGCATTC
CP1J011837 TTATTCCGTTCAGTGGAGGCACGA TTCAGCAGTGCTTCAAACCGGAAG
CP1J012470 TGAACGTCCTTAGGGATGGCGAAA TTGCTAGTCGCGGANACGAACTGA
CP1J012707 CCGACATGGGACCTGTGTA CTGCATCGCAGCACATTC
CP1J012708 TCCTGCGTTGCTCCAAAT GTACCCCGCATTGCAGTC
CP1J012716 TGCCATCATTTCCCTAGCC AGAAGCACTGCACGAAGCA
CPI1J012719 CTGACCATCGAGCAGCAGA CGACGGTCTTTTCCTGGAC
CPIJ012721 CCAAGTGTTTCGTGCGTTG CCGGTTCGSATAGAAGCAC
CP1J013321 GCAAACTCTGCTGGGCTATC CGTGTCCAGGTGCTTGTAGA
CP1J013633 CCAGGTCTCGTTCCTGCAT CAGGTAGGGCTTCCACCAG
CP1J015385 GCCAATCCGTGCTTCAAC AGGTTGCACGGACACCAC
CP1J015960 AGTGCATTCGGAGGTCCTTCATGT AGACTTGTCACCAGCTTATCGGCA
CP1J016702 CAGCAGCAGCAAAAAGTGC GTGTTCGCACTGGAGACGA
CP1J019052 GCCTTGATTTCCGGGACTT CGCCCAGATCTTTGTGCTT
CP1J019581 CAACTACGAGTGGGGCAAGT ACTCAAGACGGCAATGATGA
CP1J020018 TGTCCAAGTTTCGGTTCGAGGCTA AGGTGATGGCATCCGTTGAGGTAT
rRNA CGCGGTAATTCCAGCTCCACTA GCATCAAGCGCCACCATATAGG

YCx. quimguefasciatugenome Johannesberg strain v1.2, www.vectorbase.org
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Appendix 6.2 Complete list of upand downrregulated genes for sugid only females for the

HAmMC8 strain ofCulex quinquefasciatusr the initial 72h poseclosion.

Time SCOP*general Gene Vectorbase anotatioft FPKM"™ FPKM Fold
interval function (time 1) (time 2) change
2 to 12h General CP1J00267glutathione Sransferase 1 1.0 21.8 22.5
Information CP1J00913salivary endonuclease 3.2 94.6 29.4
Intra-cellular CPI1J00177:synaptic vesicle protein 0.2 6.3 29.0
processes
CP1J00177.synaptic vesicle protein 0.3 51 17.7
CP1J00177!synaptic vesicle protein 0.7 21.9 31.0
CP1J00894!sugar transporter 2.5 25.7 10.3
CP1J00894sugar transporter 3.0 34.3 11.3
CPJ01747¢&conserved hypothetical protein 3.4 28.0 8.3
CP1J01959 solute carrier family 2 10.8 125.7 11.6
CPI1J00123cathepsin B 2.0 96.0 49.2
CP1J00124cathepsin Bike thiol protease 0.4 7.9 21.3
CP1J00259'zinc carboxypeptidase 1.3 12.5 9.4
CP1J00464trypsin 5G1 5.7 354.0 61.8
CP1J00498:serine proteasel/2 1.1 29.8 26.0
CPI1J00527:trypsin 2 2.7 76.8 27.9
CPI1J00650 late trypsin 3.1 3249 1045
CP1J00702!FXa-directed anticoagulant 1.7 43.0 24.7
CP1J00838iaminopepitase N 0.5 20.9 40.9
CPI1J01052 serine protease inhibitor dipetalogas 0.5 7.4 13.6
CP1J01199izinc carboxypeptidase A 1 2.5 23.8 9.6
CP1J01216 sphingomyelin phosphodiesterase 1.0 42.5 42.6
CP1J01478 cysteinerich protease inhibitor 0.5 26.2 55.8
CP1J01634iserine proteasel/2 2.5 2435 97.7
CP1J01693 coagulation factor X 1.3 375 29.6
CP1J01741trypsin 4 0.3 19.6 68.3
CP1J017964rypsin 7 0.3 13.0 51.6
CP1J01796ltrypsin 7 0.5 10.0 19.5
CP1J01887salivary apyase; 5' nucleotidase 0.6 15.0 24.2
CP1J01916isalivary apyrase 1.3 12.0 9.6
CPI1J02019:trypsinlike salivary secreted protein 0.4 14.6 36.0
Metabolism CPI1J01752 alphaamylase | 5.7 180.2 31.6
CP1J01138idiazepam binding inhibitor 63.4 6266 9.9
CP1J00108:cat eye syndrome critical region 3.0 36.6 12.3
protein 1
CPI1J00546:salivary lipase 1.0 13.3 12.8
CP1J00654ipase member | 0.1 4.4 72.7
CP1J00897 pyridoxal phosphate phosphatase 125 247.6 19.7
CPI1J01288:argininosucimate synthase 1.4 20.0 14.2
CP1J01605hepatic triacylglycerol lipase 0.2 7.9 32.9
CP1J01717imyoinositol oxygenase 14.5 155.4 10.7
CPI1J01880:endochitinase A 0.3 4.7 16.1
CP1J000041UDP-glucuronosyltransferase 2B1 2.1 51.6 24.1
CP1J0B713conserved hypothetical protein 8.8 84.8 9.6
CP1J01904:15.3 kDa basic salivary protein 15 67.3 46.2
CP1J00029.cytochrome P450 4C1 3.2 25.6 8.0
CPI1J00595,cytochrome P450 11.9 339.4 28.4
CP1J00903!larval serum protein 2 1.9 22.7 122

CPI1J01022/cytochrome P450 12b1, mitochondri 1.7 15.0 9.0
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No Annotation

CP1J01022 cytochrome P450 12b1, mitochondri
CP1J01054icytochrome P450 9c1
CP1J01183cytochrome P450
CPI1J01199110-formyltetrahydofolate
dehydrogenase
CP1J01247icytochrome P450 9b2
CP1J01958icytochrome P450 6d3
CP1J01958 cytochrome P450 6d3
CPI1J02001icytochrome P450 6d3
CP1J00002 salivary potein
CP1J00403venom allergen
CP1J01595/(glycine N-methyltransferase
CP1J00083!chymotrypsin2
CPI1J00127defensinA
CP1J00168!conserved hypothetit protein
CP1J00168iconserved hypothetical protein
CPI1J00204salivary protein
CPI1J00208'salivary protein
CP1J00247hypothetical protein
CP1J00253:sodiumdepenént multivitamin
transporter
CP1J00301'conserved hypothetical protein
CPI1J00305.conserved hypothetical protein
CPI1J00312'conserved hypothetical protein
CP1J00345wuricase
CP1J00346hypothetical protein
CPI1J00361!salivary protein
CP1J00387'lipid storage droplets surfadending
protein 1
CP1J00405-hypothetical protein
CPI1J00464 trypsin
CP1J00590iconserved hypothetical protein
CP1J00591(7.8 kDa basic salivary peptide
CP1J00690icarboxylesterasé
CPI1J00707trypsin1
CPI1J00733:amylase
CP1J00745:8.9 kDa basic salivary peptide
CP1J00747 oskar
CP1J00764iconserved hypothetical protein
CPI1J00774 conserved hypothetical protein
CPI1J00774:30.5 kDa secretkprotein 30.5kL
CP1J00783ichymotrypsin2
CP1J00801.0xidase/peroxidase
CP1J00803:conserved hypothetical protein
CP1J00846.hypothetical protein
CP1J00847 hypotheical protein
CP1J008479.7 kDa salivary peptide
CP1J01004tthreoninerich salivary mucin
CP1J01033conserved hypothetical protein
CP1J01033 hypothetical protein
CP1J01033iconserved hypothetical protein
CP1J01033'conserved hypothetical protein
CPI1J01069cecropin A
CP1J01077:16 kDa salivary peptide
CP1J01077:16.8 kDa salivary gptide
CP1J01079:16.7 kDa salivary peptide
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2.8
0.1
51
3.4

5.6
2.2
6.3
7.1
59
0.6
2.2
5.6
18.5
0.8
0.3
1.8
7.8
29
4.1

1.4
0.1
1.6
51
151.1
21.6
22.9

0.2
0.5
2.3
22.7
9.3
70.9
29
12.0
2.1
0.4
53
3.5
3.4
3.1
0.8
0.3
6.8
6.4
27.5
15
29
4.6
1.0
12.3
0.2
0.2
0.3

32.0
7.7
58.3
62.5

60.9
19.2
57.8
70.8
135.2
8.2
31.1
111.7
154.3
15.2
11.6
84.0
183.4
50.5
35.7

21.9
8.0
14.0
91.6
3496.9
368.5
239.8

59
135.2
41.6
1911
102.1
928.5
65.2
311.6
44.9
200.4
42.9
40.0
36.4
101.8
7.6
69.0
269.7
146.7
394.3
26.0
1053.0
684.0
173.3
190.6
43.1
29.5
10.6

11.5
106.0
11.4
18.3

10.9
8.7
9.1

10.0

23.0

13.5

13.9

20.0
8.4

19.0

39.1

46.6

23.6

17.6
8.6

15.3
58.9
8.5
181
23.1
17.1
10.5

23.9
286.0
17.9
8.4
11.0
131
22.4
26.0
21.7
458.4
8.1
11.5
10.8
33.1
9.9
235.6
39.5
22.9
14.3
17.6
3659
149.2
182.4
155
259.7
183.0
33.7



Regulation

CPI1J01101:apyrase
CP1J01150conserved hypothetical protein
CP1J01205isodiumdependent serotonin
transporter
CPI1J01225.conserved hypothetical protein
CPI1J01270wnt inhibitory factor 1
CP1J01270wnt inhibitory factor 1
CP1J01278.7.7 kDa salivary cysteinrgch peptide
CP1J012901als
CP1J01345hypothetical protein
CP1J01370:17.2 kDa salivary peptide
CP1J01370!conserved hypothetical protein
CP1J01370iconserved hypothetical protein
CP1J01440hypothetical potein
CP1J01454!short form D7clu32 salivary protein
CP1J01486.conserved hypothetical protein
CP1J01538\itellogenin
CPI1J01550:16.8 kDa salivary protein
CPI1J01563Bgalactosespecific Gtype lectin
CPI1J01561.galactosespecific Gtype lectin
CPI1J01561!salivary Gtype lectin
CPI1J01577.34 kDa salivary secreted protein 32}
CPI1J01631ilarval cuicle protein 8.7
CPI1J01670:calbindin32
CP1J01679hypothetical protein
CP1J01693Trypsin
CP1J01697:salivary secreted protein 62
CPI1J01704 hypotheticalprotein
CP1J01704-hypothetical protein
CP1J01768conserved hypothetical protein
CP1J01796hypothetical protein
CP13J01820!chymotrypsin2
CP1J01877:hypotheticalprotein
CP1J01887:salivary mucin
CP1J01904115.8 kDa salivary peptide
CP1J0190516.7 kDa salivary peptide
CP1J01905:13.1 kDa salivary protein
CP1J01905!17.5 kDa salivary peptide
CPI1J01925:salivary mucin
CP1J01925:apyrase
CP1J01926icalbindin32
CP1J01928hypothetical protein
CP1J01955:calbindin32
CP1J01990hypothetical protein
CP1J01994.hypothetical protein
CP1J01994hypothetical protein
CP1J01017iconserved hypothetical protein
CP1J01017 conserved hypottical protein
CP1J01345zinc finger protein
CP1J00108/ow molecular weight proteityrosine
phosphatase
CPI1J01031conserved hypothetical protein
CP1J00944(cytoplasmic polyadenylain element
binding protein
CP1J00414!predicted protein
CP1J00719.period circadian protein
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2.8 24.5
19.7 193.9
2.5 56.8
1.3 36.5
3.6 108.3
2.2 111.2
2.0 34.5
1.4 20.5
0.2 5.0

8.7 136.2
131 127.3
11.0 129.7
0.2 131
1.0 13.3
4.8 47.8
0.3 54.3
0.7 41.0
24 124.0
3.0 208.0
21 33.4
0.3 4.8

102.4 3783.8
10.9 223.0
1.0 16.4
1.3 47.5
1.0 14.2
4.9 104.4
1.9 91.3
4.6 81.3
4.6 117.3
2.2 23.0

8348.3 68893.7

0.5 18.6
12.9 313.1
0.6 63.0
0.3 70.6
0.4 60.8
0.3 32.7
0.2 9.3

14.8 237.5
6.6 116.4
9.1 198.1
10.5 886.2
9.5 132.9
6.9 101.9
0.3 4.9

0.1 13

0.2 6.2

2.4 35.9
20.2 224.9
0.1 4.7

15 18.8
9.1 89.2

8.8
9.9
22.4

20.1
30.4
51.0
17.6
14.8
20.9
15.6
9.7
11.8
75.5
13.7
9.9
158.5
60.1
51.8
68.8
16.2
16.8
37.0
20.5
17.0
36.7
14.8
21.2
47.5
17.8
25.2
10.3
8.3
37.9
24.4
104.6
216.7
137.1
96.0
42.8
16.0
17.6
218
84.7
14.0
14.7
17.6
155
26.8
14.9

11.1
32.5

12.8
9.9



Extracellular
processes
General

Intra-cellular

processes

Metabolisn

No Annotation

CP1J01078iconserved hypothetical protein
CP1J01454salivary short D7 protein 4

CP1J01455llong form D7Bclul salivary protein

CPI1J01455:salivary long D7 protein 3
CPI1J01594.predicted protein
CPI1J01732conserved hypothetical protein

CPI1J01101.peptidylglycine alphaamidating
monooxygenase COOtérminal
interactor proteirl

CP1J00084 dimeric dihydrodiol dehydrogenase

CP1J00589!conserved hypothetical protein
CP1J01372.dimethylaniline monooxygenase
CP1J01748choline dehydrogenase
CP1J01748glucose dehydrogenase
CP1J01748glucose dehydrogenase

CPI1J00851 cellular retinal@éhyde binding protein

CP1J00872.conserved hypothetical protein
CP1J00391!ichymotrypsin 1
CPI1J00421!conserved hypothetical protein
CP1J00465trypsin 7

CPI1JO@66Ctrypsin 1
CPI1J01264.conserved hypothetical protein
CP1J01779.220 kDa silk protein
CP1J01978trypsin 1
CPI1J01155'mitochondrial carrier protein
CP1J00206/alphagalactosidase A
CP1J01094!acidic mammalian chitinase
CP1J00272llipase 1
CP1J00480:endothelial lipase
CP1J01302esterase FE4
CP1J01184icytochrome P450

CP1J01184 cytochrome P450
CP1J01595.cytochrome P450
CP1J01596/cytochrome P450 4A6
CP1J01596 cytochrome P450
CP1J01748.glucose dehydrogenase
CP1J00049hypothetical protein
CPI1J00122;conserved hypothetical protein
CPI1J00183'cuticle protein
CP1J00280tarval/pupal cuticle protein H1C
CP1J®2801larval/pupal cuticle protein H1C
CP1J00302conserved hypothetical protein
CP1J00428 conserved hypothetical protein
CP1J00428icuticle protein
CP1J00429(cuticle protein
CP1J00429.cuticle protein
CP1J00447!conserved hypothetical protein
CPI1J00517G12

CP1J00632 metalloproteinase
CPI1J00705!SEC14

CP1J00705iconseved hypothetical protein
CP1J00744iconserved hypothetical protein
CPI1J00821.conserved hypothetical protein
CP1J00823 pupal cuticle protein
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121
1.0
11
5.0
0.3

46.3

18.9

420.9
154
117.3
76.8
27.2
1.7
190.2

90.2
166.1
16.5
5.0
339.9
57.1
13.8
20.4
105.9
23.8
43.0
58.4
3.1
1.9
33.6
34.7
14.8
152.1
37.0
262
10.5
252.2
54.4
16.4
9.3
13.6
22.5
8.8
249.6
88.7
210.1
11.3
20.1
77.9
71.0
12.7
270.1
123.2

98.2
22.9
19.8
57.3
8.4
5.0

2.3

10.6
1.6
0.6
3.4
0.3
0.1

17.4

9.4
0.5
1.2
0.1
17.5
1.4
1.4
0.4
11.4
1.6
3.4
0.9
0.2
0.1
0.9
1.9
1.6
141
2.5
0.4
0.3
2.0
1.0
0.5
0.5
0.2
2.6
0.7
7.6
2.8
51
0.3
0.4
6.1
4.8
0.4
0.8
4.3

8.1
22.3
17.6
11.5
30.8
-9.2

-39.7
9.4
-186.6
-22.7
-96.4
-23.8
-10.9

-9.6
-348.2
-13.6
-57.6
-19.4
-39.5
-9.5
-47.1
-9.3
-15.0
-12.7
-67.8
-15.9
-16.2
-35.9
-17.8
9.4
-10.8
-15.1
-67.3
-30.6
-126.7
-56.9
-31.9
-17.6
-87.2
-8.6
-13.2
-32.8
-31.4
-41.3
-33.1
-65.9
-12.9
-14.8
-28.8
-323.1
-28.9



Regulation

12 v 24h Extra-cellular
processes

Information
Intra-cellular
processes

Metabolism

No Annotation

CP1J00828iserine protease
CP1J00865'metalloproteinase
CP1J00897-cuticle protein
CPI1J00909iconserved hypothetical protein
CPI1J00909conserved hypothetical protein
CP1J00920 conservedypothetical protein
CP1J00958hypothetical protein
CP1J01100sulfotransferase
CPI1J01250conserved hypothetical protein
CP1J01366:elongase

CP1J01376.cuticle protein 7
CP1J01376!cuticle protein 18.6
CP1J01393conserved hypothetical protein
CP1J01443hypothetical protein
CP1J01477iconserved hypothetical protein
CP1J01529 hypothetical protein
CP1J01671iconserved hypothetical protein
CP1J01702hypothetical protein
CP1J01762hypothetical protein
CP1J01780iconserved hypothetical pein
CP1J01786:sulfotransferase

CP1J01858 pupal cuticle protein
CP1J01891conserved hypothetical protein
CP1J01939hypothetical protein
CPI1J012760dorantbinding protein
CPI1J01271'general odoradbinding protein 56d
CPI1J012720dorantbinding protein
CP1J01895igeneral odorarbinding protein 56d

CP1J01885(fibrinogen and fibronectin

CPI1J00217conserved hypothetical protein
CPI1J01410/galactosespecific Gtype lectin
CP1J01728'conserved hypothetical protein
CP1J00021.serpin B10

CPI1J00527 trypsin 2

CP1J01199izinc carboxypeptidase A 1
CPI1J01425.chymotrypsin Bl
CPI1J01516.chymotrypsin 1
CPI1J01516:serinetype enodpeptidase
CPI1J01741trypsin 4

CPI1J017964rypsin 7
CPI1J01757!ow-density lipoprotein receptor
CPI1J00271lipase 3
CPJ00188tcytochrome P450 4C1
CP1J00684(CD109 antigen
CP1J00052!conserved hypothetical protein
CP1J00083!chymotrypsin2
CPI1J00123conserved hypothetical protein
CP1J00449 sodium/potassium/calcium exchangt
CP1J00563 conserved hypothetical protein
CP1J00608'sodium/solute symporter
CPI1J00802olfactory receptor
CPI1J01216.conservedypothetical protein
CP1J01496'caldecrin
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813.0
15.8
28.6

1444.0
1853.0
19.9
143.3
5.0

104.1

179.3
12.7
44.4

5.3
89.0
39.4

8.3
59.8
30.9

2100.1
31.1

6.3

140.8
64.9

267.8

134.0

679.5
59.0

523.0

4.1

6.2
1.7
0.0
9.2

76.8
23.8
0.4
0.1
0.1
19.6
13.0
12.7
0.4
0.0
0.4
0.1
111.7
3.2
1.9
0.0
1.3
0.1
0.1
2.4

16.9
0.2
0.9

24.9

57.2
0.3
0.5
0.3
2.0
9.9
0.9
2.0
0.3
0.7
3.0
0.1
4.9
0.1
8.7
2.2
0.5
5.0
5.7

23.7
2.8

47.9
1.0

42.4

70.7

60.0
24.1
35
122.6

7233.8
321.9
11.6
24.6
9.7
368.2
110.5
120.0
9.8
29
4.7
3.5
4177.6
32.4
16.9
0.1
151
3.9
16.4
33.1

-48.2
-95.0
-32.7
-58.1
-32.4
-74.2
-265.3
-19.1
-51.9
-18.1
-14.9
-22.5
-16.0
-120.9
-13.1
-66.9
-12.2
-268.6
-240.2
-14.3
-12.8
-27.9
-11.3
-11.3
-48.2
-14.2
-57.7
-12.3

17.2

9.6
13.8
N/C’
13.3

94.2
135
29.0
172.0
86.6
18.8
8.5
9.4
23.4
66.5
10.9
60.6
37.4
10.0
9.0
0.0
11.9
35.5
177.5
13.7



Regulation
Extra-cellular
processes
Intra-cellular
processes

Metabolism

No Annotation

Regulation

CPI1J01571iarginase
CP1J01593hypothetical protein
CP1J01136if-box/Irr protein

CPI1J00052 sodiumdependent phosphate
transporter

CPI1J01046/laccasdike multicopper oxidase 1
CPI1J01680laccasdike multicopper oxidase 1

CPI1J01199zinc carboxypeptidase A 1
CPI1J01268ADAM 12

CP1J01693 coagulation factor X
CP1J00067!conserved hypothetical protein
CP1J00068iconserved hypothetical protein
CP1J00760:conservedypothetical protein
CPI1J01094!acidic mammalian chitinase
CPI1J01231iconserved hypothetical protein
CPI1J00593icarbonic anhydrase Il
CP1J00631.conserved hypothetical protein
CP1J01183cytochrome P450

CP1J00064 salivary asparagingch mucin
CP1J00160!pro-resilin
CP1J00201conserved hypothetical protein
CP1J00301'conservedypothetical protein
CPI1J00303ladult cuticle protein
CP1J00347 cuticle protein
CP1J00347-cuticle protein
CP1J00533iconserved hypothetical protein
CPI1D0619thypothetical protein
CP1J00679.conserved hypothetical protein
CP1J00679iconserved hypothetical protein
CPI1J00679conserved hypothetical protein
CP1J00823 pupal cutick protein
CP1J00848'conserved hypothetical protein
CP1J00910conserved hypothetical protein
CP1J00933.conserved hypothetical protein
CP1J01033iconserved hypothetical protein
CP1J01070!conserved hypothetical protein
CP1J01209iactin

CP1J01264 pupal cuticle protein
CPI1J01297conserved hypothetical protein
CPI1J01327iconserved hypthetical protein
CP1J01378pupal cuticle protein
CP1J01378!conserved hypothetical protein
CP1J01524'hypothetical protein
CPI1J01525hypothetical protein
CP01665!conserved hypothetical protein
CPI1J01670:calbindin32

CP1J01684 conserved hypothetical protein
CP1J01773iconserved hypothetical protein
CPI1J01787cuticle protein
CPI1J01969:'structural contituent of cuticle
CP1J01984conserved hypothetical protein
CP1J01998conserved hypothetical protein
CPI1J00027.conserved hypothetical protei
CPI1J01179'conserved hypothetical protein
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21
0.7
69.9

4.2

6.8
9.7
68.8
23.8
37.5
142.5
384.3
325.4
3.4
30.6
9.9
56.7
58.3
134.3
37.8
19.2
21.9
13.2
337.4
1824.0
23.8
16.2
141.5
124.6
196.3
4.3
65.9
586.3
113.3
684.0
32.8
373.3
18.6
5.6
31.8
31.9
828.9
12.0
61.0
733.3
223.0
16.4
184.0
306.8
145.7
13.9
10.7
28.1
15.7

18.6
6.9
2.1

0.3

0.6
0.9
12
2.1
3.8
14.0
19.9
25.3
0.3
3.6
0.2
6.3
3.4
1.7
1.6
2.2
0.8
0.2
16.8
129.9
1.7
0.5
15.8
13.6
20.1
0.3
6.4
21.4
2.3
55.7
2.2
24.4
0.5
0.4
0.6
1.7
2.6
1.4
53
45.9
22.7
1.2
16.8
135
11.3
15
0.9
18
1.7

9.0
10.4
-32.9

-12.5

-12.3
-10.4
-56.8
-11.2
-9.9
-10.1
-19.3
-12.8
-10.6
-8.6
-43.7
-9.0
-17.0
-79.1
-23.2
-8.9
-27.8
-57.7
-20.1
-14.0
-14.0
-33.3
-9.0
-9.2
-9.8
-13.7
-10.3
-27.4
-48.9
-12.3
-14.9
-15.3
-34.8
-15.1
-52.8
-19.3
-321.8
-8.4
-11.5
-16.0
-9.8
-13.6
-11.0
-22.7
-12.9
-9.5
-11.5
-15.3
-9.2



24 v 36h Extracellular
processes

Information
Intra-cellular
processes

No Annotation

36 v 48h Metabolism
Intra-cellular
processes

Metabolism
No Annotation

Regulation
48 v 60h Intra-cellular

processes

Metabolism

No Annotation

Regulation

60 v 72hIntra-cellular
processes
Metabolism
No Annotation

CP1J00093 conserved hypothetical protein

CP1J01137f-box/Irr protein
CPI1J01728'conseved hypothetical protein
CPI1J00021serpin B10

CP1J00347hypothetical protein
CPI1J00347 cuticle protein
CPI1J00347.cuticle protein
CP1J00347icuticle protein
CP1J00347cuticle protein
CP1J00910iconserved hypothetical protein
CP1J00910 hypothetical protein
CP1J00911.conserved hypotheticarotein
CPI1J012091actin
CP1J01787:hypothetical protein
CP1J01787'hypothetical protein
CP1J01864 pupal cuticle protein
CPI1J01893'oxidoreductase

CP1J00649!conserved hypothetical protein
CP1J00099(cytosol aminopeptidase

CP1J00259'zinc carboxypeptidase
CP1J00353‘cytosol aminopeptidase
CP1J00402ivenom allergen 3
CPIJO0707trypsin4

CP1J01009ficolin-3

CPI1J01077iconserved hypothetical protein
CP1J01117.LWamide neuropeptides
CPI1J01162(conserved hypothetical protein
CP1J01638.conserved hypothetical protein
CP1J01594.predicted protein

CP1J00099(cytonl aminopeptidase

CP1J00259'zinc carboxypeptidase
CPI1J00353‘cytosol aminopeptidase
CPI1J01418!conserved hypothetical protein
CP1J00402ivenom allergen 3
CPIJO0707trypsin4

CPI1J01009ficolin-3

CP1J01117.LWamide neuropeptides
CP1J01638.conserved hypothetical protein
CP1J01594.predicted protein

CP1J00259'zinc carboxypeptidase
CP1J00979llipoprotein lipase

CP1J00123conserved hypothetical protein
CP1J01550thypothetical protein

CP1J01639.nuclear pore complex protein Nup9:

12.6

23.1
3.5
122.6

2549.0
16.8
129.9
1099.5
1043.6
21.4
80.5
50.0
24.4
490.3
1222.8
80.3
0.1

2.3
6.6

19.0
6.2
14.2
9.5
15.2
6.1
47.7
1.4
12.2
18.2

0.1

0.1
0.0
1.0
0.4
0.4
0.3
0.3
0.2
0.3

18.2

5.0
10.7
602

0.4

13

1.8
0.0
4.4

37.8
0.5
24

17.3

16.9
1.7
6.0
5.2
2.5
9.7

30.2
8.5
0.0

21.0
0.1

0.1
0.0
0.4
0.4
0.3
0.6
0.3
0.0
0.2
0.3

2.3

18.2
3.0
14.8
12.6
9.6
9.0
38.8
15.0
7.7

2.2

0.4
0.2
3.0
0.0

-9.7

-12.8
0.0
-27.9

-67.5
-31.9
-53.9
-63.7
-61.7
-13.0
-13.4
-9.6
-9.8
-50.5
-40.5
9.4
0.0

9.2
-79.3

-170.8
-146.0
-36.0
-26.2
-44.5
-10.5
-178.1
-63.2
-56.0
-57.2

27.2

163.7
70.3
15.0
31.9
26.5
26.5

144.9
68.8
24.1

-8.4

-12.0
-53.7
-19.9
-23.7

AStructural Classification of Proteins (SCOP) database foCthex quinquefasciatutatabase (v1.73).

http://supfam.cs.bris.ac.uk/SUPERFAMILY/
YVectorbase annotation for the dmimesburg strain @x. quniguefasciatudHBv1.2. http://www.vectorbase.org/

"[Paired end] Fragments Per Kilo bases of gene length per Million-B&breads mapped. Time 1 and 2 represent
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the earlier and later time points in the comparison, respectively.
"N/C= Not calculable
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