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Determination of novel biological functions of insect yellow gene
family in cuticle development and its potential applications for
pest insect control
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SUMMARY
(FE L)

I. Title (&)
Determination of novel biological functions of insect yellow gene family in cuticle development and
its potential applications for pest insect control

II. Research objectives and significance (F77/1¢) B2 92 HQA)

This proposal describes a comprehensive functional genomics study of members of the insect yellow
(dopachrome conversion enzyme, DCE) gene family and their roles in cuticle pigmentation
(coloration) and sclerotization (hardening) using the red flour beetle, Tribolium castaneum (Tc), as
the model insect species. To control pest insect, it is essential to understand insect physiology
which is important for their growth, development and survival. Cuticle formation is one of the
critical processes for insect development and survival. In this research project, we have studied and
identified the novel functions and roles of the yellow genes in cuticle development (pigmentation,
sclerotization and stabilization) for the pest insect control.

[I. Research contents and range (G771 Y& 2 H9)

Yellow has known to be involved in the melanin biosynthetic pathway and significantly
accelerates pigmentation and melanization reactions. In Drosophila melanogaster (Dm), for instance,
14 genes have been annotated as members of the yellow gene family, and recent studies suggest
that yellow is a rapidly evolving gene family generating functionally diverse paralogs. However, the
exact physiological functions of yellow genes are still not understood.

In this proposal, we have carried out double stranded-RNA mediated gene silencing (RNAi) for
yellow family genes in Tribolium and identified some of them exhibited lethal phenotypes after
RNAI. Because of those yellow genes play critical roles in rigidity and stabilization of the cuticle
and eggshell that are essential for insect growth and development, they are great target genes for
pest insect control.

Objective 1: Determine The Temporal Developmental Pattems of Expression of Yellow Genes
Objective 2: RNAIi-based Target Gene Screening for Pest Insect Control

IV. Results of the research (J77223})

To identify the potential candidate yellow gene(s) for control the pest insects, we first analyzed the
temporal developmental expression pattemns (from embryo through adult) of all thirteen yellow genes
in Tribolium. To screen the yellow genes that are critical for insect growth, development and
survival, we injected dsRNAs (RNAI) for each yellow gene into the appropriate developmental stage
according to their expression profiles, followed by observed any phenotipic changes and/or lethality.
We observed that some of yellow genes such as TcY-d, TcY-e, TcY-f, TcY-g and TcY-g2, showed
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high mortality after RNAi. For example, injection of dsRNA for TcY-d and TcY-f into larvae, the
resulting pupae failed to molt to adult. RNAi for TcY-e, some of the pupae (~20%) could not molt
to adults. In addition, the resulting adults rapidly became desiccated and died. Furthermore, injection
of dsRNAs for TcY-g and TcY-g2, ovary specific yellow genes, into adult females (parental RNA1),
affected on fecundity. The eggs from the females treated with dsTcY-g or dsTcY-g2 seemed to
collapse in their lateral or common oviduct resulting in no eggs were obtained. Our results indicate

that TcY-d, TcY-e, TcY-f, TcY-g and TcY-g2 are great target genes for the pest insect control.

V. Research achievement and application plan (743 2 AL A3)

Work supported by this proposal will reveal novel functional roles of insect yellow genes in
cuticle/eggshell pigmentation, sclerotization and stabilization. In addition, the knowledge gained from
this proposal will provide fundamental understanding of mechanisms of insect cuticle/eggshell
formation and maturation, and could open up new strategies for selective pest insect control and

develop novel bio-insecticides, which target cuticle biochemistry with minimizing detrimental effects
on the environment and non-target insects.



CONTENTS
R

Chapter 1. Outlines of research project -~--—————————---"-"-"-"-""""""""""—"-""-"-"—"—— 8

1.1. Project description

1.2. Necessity and Significance of Research
1.3. Long—term goal

1.4. Research Objectives and Contents

Chapter 2. Status of our research the related researches inside and outside Korea -13

Chapter 3. Research contents and results - -—————-———-"—"-"-""""""""""""""""-"—"——— 14

3.1. Research range and methods
3.2. Results of the research

Chapter 4. Achievement and contribution of the research --------—--——-———-—————————— 25

Chapter 5. Research archivement and Application ~------—-———————---------—-——~ 26

5.1. Research achievements
5.2. Expected advances
5.3. Apply to pest insect control

Chapter 6. References ------------------ - - - - - - - - - -\ - -\ —\—\—\—\—(—( -\ —————— 31



A1A d+ALEHAA9 A ———-——--————————— 8
1.1. 95 i~
1.2. o] daoA 9 FaA
1.3. <% &%

AL

1.4, A5t 5% 9 Y&

A2 g TR AEAE BF oo 13
2.1, Fuls] AT A%

£
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

—

>

A3 dA7AEsdy e 2 2
3.1 Awe 2 A Uy
3.2. 479 v& % Ay

3.2.1. Tribolium®} Drosophila®) A Yellow T2 AlEEA

3.2.2. RT-PCR¥ real-time PCRE &3t yellow f7dx}e] WAL &4

3.2.3. RNAi 7|9t sjFwA] 1 Fdxk &4

3.2.4. TcY-5F TeY-d f3ke] RNAIY w2 Rlu7]eA] dFo el g3 2o
3.2.5. ¥4 Eolx ¥ yellow AR, TcY-g9 TcV-g2

A4 BEIHE B BALFE] R —mmmmm e 25
A5F AFAL A} R AFEE AY - 26

5.1. A7 A3
5.2. 71t



M 1lg S-7iZaAe e

1.1. Project description (G 71 8.)
2 AF AYA = 239 e S(cuticle) B FZ(eggshell)2] A 2= F(pigmentation)
73 3} %4 (sclerotization) °ll4] 83 <%52] yellow(dopachrome conversion enzyme) % 2H-2)
9% @ 7)1 S AANREFAA Y (Tribolium castaneum) R4 FAASH AT Wi
o]-&3le] XFH R QT3] % Aol

ol IHNA R uiel o] 39 FA e Aol Je T vig gtsER
o]#| g ZF2 SAZ AEQ A3t BAE AFsh=dl @eol o] §HI Sk ZF9 949
ikt Fel o} M2 A F Z(pigmentation) FA | 23 A olw] o]t LT AN 2]
SAE o] &3te] FAH Bt op g FAE A= st} FAE AT Bo)
o] &3t it &5 ML AP EI A E(epidermal cell)oll A o] FoJ x| 3L FE|F] A&
Ao} Fu YL ARG Fg wif BFHQ AL & gk o FFL e
PEolvt Az 2L ddd el dFS FUIE Pk 23 F9 o =7 wF9
ekt A M FHE R AL 9o 2F FRET Aol B2 IS
Foll sholct. E3E & o] g fFA o] FAFHIEA HF FuE B LI E
gehFig. 1). webA 2% el F9 A3 F(pigmentation)ell W3 W2 A= AU T8
A%, ZAAES, Astst 9 QS v AESS ST Zopll AEE AAS

AFHL o

N

Fig. 1. Beetle diversity. Beetles (Coleopteran) as the most species-rich eukaryotic evolute distinct and unique
body color diversity that is powerful tool for studying insect ecology, development, genetics, molecular
biology and physiology. Yellow amrow indicates our model insect, the red flour beetle, Tribolium castaneum
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239 €] Z(cuticle)/2] =7 (exoskeleton)S 2] H-3FHF o T RE YRx2 & BIsAY
FEEAS A EE T 94 E 3o ZFo] ATANA MR 2 He2 5 A A FaF
g9lojt}. &% FEEY 7= v ¢ AT g94S(envelope), TN Z S Ho] {3
A+ 9 F 9] F(epicuticle), L] F|HAR o] F oA FAE 59 URI]F(procuticle) &2
o] Fo]A lch(Barnard, 2010). 7181 A7} Fhe]l el o8] 2wzt 2% A EF YEYIS
JAAs2 A= PRI F(procuticle)E B3] Aol wtEolz] = 9] Y F 3] F(exocuticle)d} B3 F
F2 JAFI = Y 9 F(endocuticle) T2 Y& F 3}1:}, 232 gy A3 W ¢ Fex
Frgd FEES /AL Qo 259 A%, T 9 A& 5 AAFY &R F

(pigmentation)¥} 73 3}(sclerotization), & tanning Aol 2]t FE| Eo] vf-§ A &EFA Gt
ol FE AZS JIAA At o] T 5o AE] TS5 FEE A oEA
dojuyp=A]el HfF ol et AT W FrIFL Fasty & 5 Ak

A 23 Z (pigmentation) & ZFA W9 F23 A= FAH o2 FE|F tanning Tk
olve} FZ}(egg-shell)d] A3}, w3 B9 7|&Be] FH, A AHu v AEL] Pasie)
722 AA wo] ukg-IAx g DA 3A FHEe] h(Li, 1994; Sugumaran, 2002; Andersen,
2010). @2d 3}(Melanization)= =52 2% Z(pigmentation)e] 3 FF o2 o} o] T (Fig.
)7 L &4 b HAIE A FA =G o] b3 tyrosine®] dihydroxyphenylalanine
(dopa)®E FAF3}(hydroxylation)®] = HF-g-ol ¢]3}e] /WA E ). dopas dopaquinonel & AF3}A] 71
% dopaquinones dihydroxyindole(DHI) ¥+ 5,6-dihydroxyindole-2-carboxylic acid(DHICA)E
F3+A) 71322 DHI-chrome® DHICA-chrome(melanochrome) 2.2 AF3}A]1# melanochroms
dopa-melanin®. 2 A 3l+= FA o] th(Simon et al., 2009). o]& g dHe] AAEZ =359

FElZ tanning FA el a4, ojw] 2 Jix] F 83 L TFo] o] HESe] HojsHA A} =
tyrosine hydroxylase(TH)7} tyrosines dopaZ, dopa decarboxylase (DDC)7} dopa® dopamine 2,
laccase 27} dopa, dopamine, DHIE Z}Z} dopaquinone, dopamine-quinone, melanochrome 2. %
{‘]’i}/‘]ﬂt}(Fig. 2) (Arakane et al., 2005, 2009; Gorman and Arakane, 2010; Andersen, 2010).

$18} o] £39 tanning FAF A Yellow AL dAehd AFA FA o)A pigmentation=}
melanization®& IA 2AX7)= Aoz da]A °‘1:}(Figs. 2, 3, 4) (Arakane et al., 2010, 2009).
A2 239 A7 Aol G2 yellow FUAEE S mM=A A58 fA4 2oz
AsHow ekt FATEE AT ek 2ol A4 1409 yellow FAAFE eI W
Qo 1 F yellow-y(DmY-y)7} Aahd AAS FFRA 7= AR RIFHPY =3 379
Yellow-y mutants w4 g 23 FE]E9] dark pigmentation oA Yellow- -y Z o]
8% 9L 3= A2 e F F A k(Fig. 3, right panels) (Drapeau et al., 2001; Wittkopp
et al.,, 2002a, b, 2003; Prud’homme et al., 2007). DmY—yfl] mutant®} - AFHA] ol vHke)
yllow-y(BmY-y) 3 Z]-E FElZ9] black pigmentation® *-§]ell & =] v (Futahashi et al., 2008),
BmY-y mutant®] 73-$ @M e] AAE HoFE= AS e ch(Fig. 3, left panels). o] &
3k, 239 yellow y7h A2 QA el AL g J*°ﬂl‘6h:‘rh e ¢ F Adevt
yellow-y& A& YeA] yellow FAAEE] AL QA 716 oA3] & ¢z X3
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Fig. 2. Proposed cuticle pigmentation and sclerotization metabolic pathway in T. castaneum. TH = tyrosine
hydroxylase, DOPA = 3,4-dihydroxyphenylalanine, Dopamine = 3,4-dyhydroxyphenethylamine, DDC = dopa
decarboxylase, NADA = N-acetyldopamine, NBAD = N-f-alanyldopamine, ADC = aspartate 1-decarboxylase,
Ebony = N-B-alanyldopamine synthase, NBADH = N-f-alanyldopamine hydrolase, Yellow = dopachrome
conversion enzyme, Lac2 = laccase2 and CP = cuticle protein(s). Yellow accelerates the conversion of
dopachrome and dopaminechrome to DHI and DHICA during melanization of insect cuticle (Arakane et al.,
2009).

2 ATE 3 FUF 420 %A gl BARE yellow #2A7 W5 chrsol
238 A2 olF #AAFS Aol W ekshm e A9 Relohhs AuE
A4 AFE FHRAc Trivolumel ] FE1E R 97 A23Y, Ao, A% B B

bz, 23] A% o) W F9E Ao ARIE yellow FARAEE RNAI 71 BE
Eoto] )3 BAlo) AYE Aoz Bolk g3 444 42 2 PANTA A

DmY-y mutant | | BmY-y mutant

Fig. 3. D. melanogaster and B. mori yellow-y mutants. Drosophila melanogaster and Bombyx mori yellow-y
mutants exhibit lighter body color (yellowish) than that of wild types, indicating yellow-y is required for
normal body color pattern in both species (Wittkopp et al., 2007; Futahashi et al., 2008).



1.2. Necessity and Significance of Research (o] EQ/Md 9 =Q/M)
Tribolium castaneume] 3] 28-S F3ste] £ AFLAE DmY-y9] orthologs: E 38 1479
yellow-like proteins X3+ v} Qlth(Fig. 6). RNAiI HES ©]83Fe Tribolium yellow-y(TcY-y)2]
71s& A7 2 2 et ol yellow-y mutantZ} 8] AAH Q) A S 7HAA HE
AFig. 3F= =24 TcT-ye] FHA A5 FFA| T. castaneum oA 3] FA=2Q A&
7IA 2 QoS &9l sFsth(Fig. 4A) (Arakane et al., 2010). 2 dsTcY-yS 23 T.
castaneum 327l (hindwing)®] A &(pterostigma) T4 o] F& A2 Z(black pigmentation)©]
A5 AL A e F F 9o, o]F 3o, TcY-y7} Tribolium FE|S FA) <)
o] opgt x| e o] FF A& F(black pigmentation)d HF-$lellgt Azd
AP AA FaF 9FS ¢S ¢ F I
TcY-y7} black pigment ZAtel]l F83 S FAF Loliy] 93], & A7AE

aspartate 1-decarboxylase (ADC) mRNA2] #& o] rol dopamine®] W] S 2 Tro] MAIx] o]
el Eo] Aehd3}E black body color mutant (Arakane et al., 2009)% ©] 83} TcY-y9
dsRNAS FA F 2335 AFs9 k. 1 27 vl§ Sv]FAE black body color
mutant®l] 5] & hindwings A )& A F9 FelF L3 Fel o 4FS FA =S
gl st ch(Fig. 4B). o] 8 BFHE TcY-y= black mutantoll 4] FE]Z¢] black body
pigmentatione] F23% &L A F& AR FAF F g} ofutE yellow FAAE F

€ yellow FAA7F Aehd At FojdpAy £ vAAAR o RE W2 42 dopamin
dopamine- quinone®] A}-F2.F 5‘6’-dihydroxyindole (DH)S 2 HAZFA]H ZF-&-3gt
dopamine-melanin$s A A+ale] A M-S 2o HAA WA3AIE= Aoz AwFc}

(A) (B)

hoF dsVer dsTcY-y|[ dsVer dsTevy
dsVer dsTcY-y b= % KAPa -
h A
| L
pile .
& Y
L7
dsVer @ dsTeY-y 2
—
0d
AD
b
——y
5d

Fig. 4. Effect of dsRNA for Tcyellow-y on cuticle pigmentation. (A) To study the functions of TcY-y, dsRNA
for TcY-y was injected into 0-1 d old pupae (wild-type GA-1 strain). Injection of dsTcY-y had no effect on
pupal development or pupal-adult molting. A normal level of adult cuticle pigmentation was observed except
for pigmentation in the pterostigma of the hindwings (yellow arrows). dsTcY-y injection caused significant
defects and a delay in the pigmentation of this region (Arakane et al., 2010; Tomoyasu and Arakane et al.,
2009). (B) A similar RNAi experiment for TcY-y was carried out using the black body color mutant in which
levels of aspartate 1-decarboxylase (TCADC) mRNA are drastically reduced and dopamine content is
substantially increased, the latter which is utilized for production of dopamine-melanin. There was no effect on
adult cuticle pigmentation except for that which occurred in the pterostigma of the hindwings (Arakane et al.,
2010).
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£ A FoA Tribolium yellow A AHE RNAigF 23} TeY-d®} Tey-f 2 A A5
"6‘%‘-"-1 gy 3] X AT F= A FUAFSI, oJ= 4F yellow FAAE0]
FEI S AYel] T2 d&E = A Bo= FE 9 A3 o Fa4F 928 =
Aoz FHT & JSickFig. 9, 10). GFHA £ ATFIHE RNAIE F3 239 433
Ao JFE Fo] A4 TIPS RAFE yellow FAAE SN 34 TR
FAAZAS A5 ANFZA B}

1.3. Long-term goal (X|&F =2 1)

® ATAAE SATE PAK Aokl RNAIAE I8 BAR AT T2 4
A5 F 2 S A g %9 FEIE M A2H F(pigmentation), 73 3}(sclerotization) 2}
+7d 8l(stabilization)ell &3} yellow fAAHSo] chks) i’ﬂs}‘“ AL ol FAA9 7ls
of Wi E3HX AELIEHIS A B WM FZ Uk B AYGATFA] 23] o]F
yellow FAASS] SHA o AT TAAA T, A Fo|HQ Td o] Wl¢ 5537
< R33E b} 9ch(Arakane et al, 2010). Wb ZHZHe] yellow FAAES] AESA, A A
7es 933 FEF 2 374 A, A3, g3l digt 9ZE ojsis= RS ¥
B3 Astel A £AH QA 71FE oldE] A% AAE €W F d= Rolth

B AFeAE yellow FA827F 252 FEIS 4 2 AR A wF FoF 92S
FEE, RNAI F A&l =2 yellow FAAE @3] )5S FAAR 0] &2 F A= F

:‘OJN["

o

B §AAE B33 1 /)5S AFRLA ek
2 ATE o] 28 AH: 3 FUL ¥4 2 4% e o Zo] olAT & 9%
Ao, ¥HFE AYHo|T IFAAY AFPAE 98 A=e A%} T2 4294T g2

F2 o] gHEd Fl2 AAL AT ¥ 5 AL Aol

1.4. Research Objectives and Contents (H2| S8 U L)

Objective 1: ZAFAF e vellow FAAL] Ld FA =4}

FA7 Solde RNAI ¥ AAsts 84S S5 slstel, 2 yellow FA7e] 2 4

Jg W 232 Eo]A W kAS 3elsle], o] A}E E35le] dsRNAS F Ao A3s A 7| Z2A s}
32, A3EkE e Wyl 98 23S 42 £ 9d9dnh BE yellow FAAS Triboliume)

A QBAFe] BRE] A ZA7)7A] A FAL real-time PCRE %6}01 ZAetget o714 A

AFE objective 25 F3H 37| §)5te] o] &34}

[o

Objective 2: RNAi 7]4t 35 WA $3 E2 ¢4
Yellow @ A& ¢35 3tst= FAAELS FEl S pigmentation 7] ©]2]9] g3t 755 714

ohekst 3R Ao ® A3kskg ol Tey-d ¢ Tey-f fAAkeE Zo] dF o} & yellow FAAE
gA] ZZF9 *“Xh} Ao F Q3 43S 3 Ao} Tnbohumﬂ]ﬂ 1470 9] yellow FRAASS
R b glov, yellow-yE A&AE 1370 yellow FRAE F <59 A4 2 Fa3

A3 3= FAAS FHFLA 35k ol F 3] RNAI 7]':,'.3% o] &3k} ekt yellow
FAAE F A3 PSS 44T FE FARES 94 2 B
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H2gd =uUe 7z a3

2.1. Status of our research the related researches inside and outside Korea (=-W]&] |+ &3})

=359 e FAAAE o] & AT A I Rius I F gk ol FeeAE A
Tz v} gt A3 FAFS FAE] st B AEE] o 5 WA A
A& 0] 83 lF WAL AEE AY o] FoIA AL A 9t E AFE 59 LA A9
A5 A 259 FEHE 34 A4, 29, €9 A3 AA 9 ATE 5] sEFs
A 5 J= 7I2AAE AFstaz gk £ AFE 5359 9|

L=
arL
, L&

Research facility Accomplishment related with this proposal
(A =¥ 7|2) (2 o 9 3 Aal B4)

T. castaneum (AABZ=SAAE) B2 14702 yellow-like

genes 29 % 47

A7 G (FHFoolF)olA TAFT=

- T. castaneum yellow-y 325 RNAi WS =2 gene silencingt
A3}, Z32(DmY-y)¢ Tl BmY-y)et 2 A Triboliume] A%
body pigmentation®l] &S X &S (Fig. 4).

- a3y Rl pterostigma pigmentationZ} I TR o] FEFS Fof
A& (black)o] Aol FAeo] AP S HEI(Fig. 4)

- Tey-d, Tey-f B TcY-eE RNAI & 23 HAH7|AA HFo2 &34
A9 (Fig. 9, 10).

- TeY-g¢} Tey-g2& F2 A5 4F5Y dhoA TS

g, o] TeY-gob TeY-g27t ¢S AxnsA s

FHA Ao FH & F Y& (Fig. 14).

213} (Fig. 7, 8).
=

0|2 WALAFCHS M3feta)
(Arakane et al., IBMB, 2010)

(USA) O] OJAIZF Cht

(Wittkopp et al., Development, - 2929 pigmentation -8} Z18}eA oA A
2002a, Wittkopp et al., Curr Biol, - 23-¥]2] DmY-y gene= normal body colorell &3}
2002b)
o2 QAZMCYER - zykg]e] g & 9 pigmentation patterns©l] )t -7 & AT
R e Rt 3.
(Prud’homme et al., PNAS, 2007) | - %3} 2] DmY-y genet= normal body color®] % 8.3}

- ol (Bombyx mori)2] pigmentation 2] 784 A 4234,

- BmY-y gene & normal body color o & 2%
olm EACHSH . . = o3
=t P °|I|:IL2'_._J':'EI - 7ol f%olA BmY-e gene €A normal color pattern®l] 2.3
= S=2 J-I'

k3]
=1 =

- 3] (Papilio xuthus)ol A yellow-y2} 7228 4 gHAl o 3Hold
T A 27} ecdysteroidol] ©]3he] A ¥ S uh3l.

03 FS0ista 4Sw

(Drapeau et al., Genome Res, - B A Yellow/Major Royal protein family2] 7138}&2 <15
2006b)

== H|0]% Chinese Academy of

Agricultural Sciences - 7ol 9] yellow family gene®] AJEHH A AT

(Xia et al., BMC Genomics, 2006)

;lig%i%ﬁ ol & - Z2H W ~E 53 K] Anopheles gambiae] eggshell T o]
(‘:Amen a ;t al., Insect Physiol Yellow-g291 & ¥4,

5010) y = YRS - RT-PCR 43} 23} yellow-g27} ®7])e] vrao] 2 24 o)
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M3y giz=d HE X 2t

3.1. Research range and methods (A7HY 2 A753] HH)

2 979 7FA2 <l “Insect yellow genes possess multiple diverse functions. Some of yellow genes
play a key role in cuticle pigmentation, sclerotization and stabilization that are essential for insect
growth, development and survival”g 843|222}, 13702] yellow F-32}e] A 74 F2ke] 23
A& A F, RNAI 718 S o] &3t j5dAl TR FAAE 248 % dF5
S 39 ot

Tribolium casteneum rearing

2 A5 F3s] g A7 222 Tribolium castenume GA-1 strain (Haliscak and Beeman,
1983y AF&3lgdon], ZF2 30 °CollA 50% AHEFE ZANA A5t (Beeman and
Stuart, 1990).

Expression pattemns of yellow genes during development

7} yellow genea«] WA FA] Eole] s okAl W 21 Eo]A wubd okAMS 3Hels)r] ¢35},
Triboliume &, #%, A&, £, A FolA total RNAS RNeasy Mini kit (Qlagen)é o] 83}
B2 3st9 1t} cDNAS oligo- (dT)S‘»]‘ SuperScript 111 (Inv1trogen)i"- o] &3}o] AR AL, real-time
PCRS th53} 22 ZAA 433} th(initial denaturation 95°Ce| 4] 20X, denaturation
95°Cel| A 5%, annealing ¥ extension 60°Cel|A] 203). TcrpS6 (ribosomal protein S6)%

Y x2Fo A48t o, Table 1o A2)d Zzto]m & real-time PCR F3 ol AHE-313i )

Synthesis and injection of double-stranded RNA for yellow genes

DNA A|F2E vl F438 5 yellow gene familyE2] Z} genedll Wt EAjst= 553 £9&
g4 3}o] 7z} yellow gene®] 5 3F 4-$](100-500 bp)ell H3ke] T7 promoter A|A2E EJH3H
Zglol & AF F yellow FAHAE PCRE 5Z3Fgh. In vitro transcription kit¥} PCRE
%23t gene 5°]% DNA templates ©]-§3}o], Z+ €E}F yellow gened] 553 §-$)ol i gst=
dsRNAE A F AAIsle] o] &3} dsRNA (2-200 ngf/insect)E %, pharate pupae, | 7],
A& 5 el Z79] geneoll e dsRNAE FAF F, 7 geneoll So]H el =Zzloln] &

o] &3} quantitative RT-PCRS 32 53t Z gene®] mRNA 74 HEQ} So|d o7 3o
Fo]E=AF sl £33 g E2F 2 EH Lorenzen BFAR2002a, b7} AH&-3td WHE S

o] 8-3}e], T. castaneum?] vermilion®]t} green fluorescent protein(GFP)2] dsRNAS FA}ste] bzt
E-olFo|AY v 5ol A o ZF(specific?} non-specific effectsell ot control) .2 A}-8-3}3 ¢} 2z}
Aelvhch, 204072l S £ o Soho] e B YL FYsko] FehstAeln YE4A
SolApgst WshE wlal B3 WolA sl BReAT, 55 AR A v 4F 9
239 F€Z pigmentationd} sclerotization®] W 3}o] =HE Fo] A}

=
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Table 1. Primers of yellow genes for real-time PCR

E%Irlgév Ar‘ﬁ;st;gp Primer set for real-time PCR (5’ to 3’)
Te-h  GUINTE. g ATGACAAGAACCACTCCTCCCACA
Toe  GUINTE Rl AGGCCTGTGTCCATIACCCAAAGA
Tovd  GUUITS: R TTTGGGCCGTATICAGTGTGAGT
Toe  GUINITES Rl ANGEAACTCTTGGAGCCGTACTGA
ToMf  GUINTES . AGGATTGGTGICAGGTCTTTGGGT
TeY-g GU111767 ATGCGAGGCCACCAAGAACATCTA

: GGGCCACAATTGCGTCTTCTTTGA

TCAACACTCTCGAGACGCCAATCA
: ATTCCACGGCGATGTATTGCAAGC

TGCCAGGAGTACGAAGACTTTGGT

TcY-g2 GU111768

Tey-h GUI11769 . AATGGCAAACGGTTCGACAAGACC
Tl GUINTTL R L CGGAGCTOTCGOAGAAATTAGCA
Tr8 GUUITB R eI TCCGOTTOATGACCGOCTTT
To4 GUILNTIA R T GGGOAAAGCGATGTACCACE
TevE GULL1775 AAGCTGCGAATTTCGTGGTGGATG

AR IO AT AT RRIT IO AT AT IO IT I AT

: ATCCGGTCAAGGAGCAATACAGCA

Parental RNAI

Triboliume] ase] So]d oz B3 TeY-gob Tev-g2 A A L 232 Kol 3
g oFALS PCRE o] £35le] Faldtgdcl B AP LA sRNAS ASE A6 FAst:
parental RNAi(pRNA)BHE 71 "BA A vF 9 ch(Fig. 5). parental RNAI A3 W&

o] §3ko], TcY-got TcY-g22] dsRNAE A5 €Al FAT F A3 & == II3IJAA
nAE ¥ A3

dsTcVer g,

Fig. 5 Parental RNAI of Tribolium vermilion. Tribolium vermilion (TcVer) gene encodes tryptophan oxygenase
that catalyzes eye pigmentation in this beetle (red arrow). dsRNA for TcVer was injected 1-3 wk old adult
females and mated them with non-treated males. Embryos from dsTcVer-treated adult females lacked eye
pigmentation (white arrow) indicating that dsRNA-mediated parental RNAi are functional in this beetle.
(Arakane et al., 2008)
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3.2. Results of the research (H2| L& o ZAnp

HSA FE FAAE BE37] 9ske], WA Trboliume] 1370 A ARe] 2AAA 2

A So4 Y PP oStk SAA TAPF B 23 1349 yellow FAAES
ol A ofu g AR 59 A, T, AT FLIAE gAY 913 RNAIT
st ol gshch S84 BE P} 24 F GRNAS 2 ARG A7) Bro] FAg
F Tribloliume] &P o} x| AE&E ZAE T o] F &35l A yellow 3 AH(TeY-d, TcY-e,
TcY-f, TcY-g, TcY-g2)7F RNAI ¥ £ A5 &S R FE A& a9 & 99t} «ls 59,
TcY-d2b  TcY-fe] dsRNAS F3A171o FA8E 23 W77t AFe s g9 & s# Eslx
A% Sussle Tore S8 AR A$AE o 2000} IE S o

AR A& RAFAT, AL 80% AFOE AL F YA w2 A7 ol
N Asl= A s $ el =3 diel FE TAEE Tev-goF Tey-g29] 7%, parental
RNAIE & }°ﬂ] dsTeY-go} dsTcY-g2 FA}E A Fo] Agksl= EoF go] AlEaS E3ad A
HAFel 4 A T A FA 4 i B ATE Fool, 239

A) 2=%) 2} (pigmentation) %E}‘di}(melamzatlon)ﬂ] %23 13709 yellow FX FAA F Tcv-d,
TcY-e, TcY-f, Tey-goF Tey-g27t 2352 23 A, €4 2 AgE 94 579 +39 A3 ¢
TS st 2 AAES B Fo] A FE JFAAR o] & J1eE Aew
9¢ 4 Yok

3.2.1. Tribolium&} Drosophilacll4] Yellow 43 A FH-4

DmY-yE F2]E Beetlebase(http://beetlebase. org/blast/blast.html)e| 4] tblastndt 23} Z3}2] 2]
DCE®] homologous S A& ¢+33}st= 14709 Tribolium yellow A AHE R 5 glgic}.
Als A< 53k Dmyellow-b, -c, -e, -g, -g2, -h, -y& E¥3F &2 23}2]9] yellow
A A} orthologZ} Triboliumel A4 22l = 9} 2 v} (Fig. 6), =3} = yellow-de} & E3JHs}o] 3
N o] Ae] subfamilys 7FA L Q1+ HhHe| T. castaneum< subgroup wfe} z} g Al FA AR
FIAZ DS & F ddh T FAIE, T. castaneum, Apis mellifera 28] 322 Nasonia
vitripennis7} 7FX13 Q)& Yellow WA F 3 /| 7T | = EAHA] &shel(Fig.
6 clade-X). ¥ 7N Z3}2] DmY-g2} DmY-g22] orthologsq! T. castaneum TcY-g2} TcY-g2+ 8™
linkage groupell 7} 7}7h% Aoz Rojzlch =3 TeY-3, Tey-49F TeY-5 F-A A= 3" linkage
group? SEZEE FAFFE AS U 2 F dddh o]F F 15 2" HE RS
A9 skalE oFE yellow FAAES Tribolium F3A A A APt o] 5] el g
716 AT+ 23 gt FolhiEe yellow-yE A& 3aLe A2 Bzl glck o] yellow
w32k F RNAI 23 X AHES BoFE yellow FAAES @4 3Lz el
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Fig. 6. Phylogenetic analysis of Yellow in Tribolium and Drosophila. ClustalW software was used to perform
multiple sequence alignments prior to phylogenetic analysis. The phylogenetic tree was constructed by MEGA4
software using UPGMA (Tamura et al., 2004). The arrows indicate the Yellow families that are focused on
this proposal. Tc, Tribolium castaneum; Dm, Drosophila melanogaster; Nv, Nasonia vitripennis; Am, Apis

melifera; MRJP, Major Royal Jelly Protein.
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3.2.2. RT-PCR##} real-time PCRE &3 yellow 3 #}Fe] 3 FAl 24
ALA 7|3 oA A FA 7|72 9] TAFA G| BE yellow FAAES] 3 S-S

[+
F qglom, 7 yellow FAAZ] Bfe] AAFA 7152 AT 9L Ry FAT 4

9l Sl th(Fig. 7A).

A PP_P0O_P1 P2 P3 P4 P5 A0

TeY-e| vaw wuw N T —

TcY-d R —

TcY-f : —— —

TeY-g B E YL OL PP P A0 A1
TcY-g2 TeY-g1 | —
TeYh [ e = = == &b G 8D TcY-g2 | el
TeYe (S0 SR WU WO e W9 WS W Female  Male

TcY-h — Ov Ca Te Ca

TcY-y e TeY-g1

TcY-1 S ——— TeY-g2 [

TcY-2 . o— o TcrpS6

TcY-3 —

TcY-4 .. o— —

TcY-5 —

FPSE | wwn www www W e —

Fig. 7. Expression profiles of yellow gene transcripts by RT-PCR. (A) Total RNA was extracted from whole
beetles at various developmental stages. PP, 1-2 d-old pharate pupae; PO, 0 d-old pupae; P1, 1 d-old pupae;
P2, 2 d-old pupae; P3, 3 d-old pupae; P4, 4 d-old pupae; PS5, 5 d-old pupae and A0, 0 d-old adults. T
castaneum ribosomal protein 6 (rpS6) transcript served as an internal control. Red box indicates target genes
in this proposed research. (B) Developmental and tissue-specificity of expression of TcY-g and TcY-g2
transcripts. Total RNA was extracted from whole beetles at various developmental stages and from the
reproductive systems of 1 month-old adult females or males. T. castaneum ribosomal protein 6 (TcrpS6)
transcript with the same cDNA template served as an internal control. E, embryos; YL, young larvae; OL, old
larvae; PP, pharate pupae; P, pupae; A0, 0d-old adults, Al, 7-d old adults, Ov, ovary; Te, testis; C, carcass
(whole body without reproductive system).

o

=3} real-time PCR ¥4 E3to] LHE AZ7LA 2] Tribolium WA Fqke] 3 oAt
ZAaksieh. Fig. 8AS) 8BolA K& ulel Zo| yellow frAAFe] 2@ kA2 v ohekts
gals § ladel TeY-be] 7% prepupa Al7|e] & A== vk TeY-c®} TeY-e transcriptse
& A7 5E A7) AR Az Foreebrr AEA7]e 3335 AEaRE ¢ 5 d9h
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TcY-det Tey-h & F2 AFA7|er A7 A7 742F =4 2285 FJF 5 9D
SHFAE Tov-fe F2 HolE HE A7 F53 AFSA7e Beol 2IH S g
gt =3 2= EAA] L clade Xoll 3= Tribolium 5709 yellow
(TcY-1 to TeY-5)F A wll§- hFdt 23 FAS HoFo] 1 7% 94 o5 A
a9t o] d A EAS B oA RNAIE Syt HFE
FA3t=d &85

20
TcY-b 17 20 TcY-c 41
c
o .9 30 28
o o 20
R 20 |
X x 11
@ 10 | 7
1
0
100
TcY-e 82
- 80
@ S
s 2 60 | Sa
"o
o E— 40
X x I
Q
20 s 1
6
1
0
E YL oL PP P A
12.0 8.0 oo
TcY-f 10.3 70 + TeY-h '
100
c 6.0 |
©9O 80 e i
2’ 6.3 5.0
TP 6o 40 |
T = i 2.8
£ % 490 1 30 1.9
@ 1.8 20 r 1.4

Fig. 8A. Expression profiles of TcY-b, TcY-c, TcY-d, TcY-e, TcY-f and TcY-h mRNAs during development.
Total RNA was extracted from whole beetles (n = 6 to 20 except for embryos) at various developmental
stages (embryos to adults). E, embryos; YL, young larvae; OL, old larvae; PP, prepupae; P, pupae; A, mature
adults. The transcript levels of the T. castaneum ribosomal protein 6 (rpS6) were used for normalize for
differences between samples in the concentration of the template cDNAs. Expression levels for all yellow
genes are presented relative to the levels of expression in embryos (E).
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Fig. 8B. Expression profiles of TcY-1, TcY-2, TcY-3, TcY-4 and TcY-5 mRNAs during development. Total
RNA was extracted from whole beetles (n = 6 to 20 except for embryos) at various developmental stages
(embryos to adults). E, embryos; YL, young larvae; OL, old larvae; PP, prepupae; P, pupae; A, mature adults.
The transcript levels of the T. castaneum ribosomal protein 6 (rpS6) were used for normalize for differences
between samples in the concentration of the template cDNAs. Expression levels for all yellow genes are
presented relative to the levels of expression in embryos (E).

3.2.3. RNAi 7|4t 3]334] £8 {-3x €4
oo g Al TH yellow 3RS @A387] 9)ske], 137) yellow -3 =k transcripts &
A& 71 A RNAIE 73358k 13709 yellow 82k dsRNAE A3t =5 #3F A7)
o] 200ng & FARF F IJS AFsF}. I AF Tov-b, ¢, -d, -e, -f E TcY1-5 mixtures
A frEol ti AR 23 A {3l HuUrIE 233 AAdd e ofFd 4%
FA kokeh. =3 W 7| A7) e Aol FE|FO M QA AAAYE FI¥ F
thFig. 9). 22t L¥ yellow FAA}, Z Tov-d, -e2} 2] A% dsRNAS FA+3 Hd|7)7}
o % $3t3t= FAAdA 2 E A FIL F= AS A F 5 gk olgt wd R

ox o o N

o)
A
3
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TcY-b, -¢, -h 2 TcY-1-5 mixtures FAFSH A W7o AFoE Gyst=d 4F
2y F AEFE AL AT 9

tfo

At ol F Fahel, RNAI £ F EE AFES HF
L AR Tovd, Tovesh Tov-fg o, ol % fAAZ 23 4 2 23S Bl H3
& Al f8 BEE 5 o0 o= Heldoh

Phenotypes

Adult

dsTcY-b

dsTcY-c

dsTcY-d

dsTcY-e

dsTcY-f

dsTcY-h

dsTcY171-5

dsTcVer

Fig. 9. Phenotypes produced by RNAI for yellow genes in Tribolium. dsRNAs for each yellow genes were
injected into late larvae (n = 20). dsRNA for TcVer (vermilion) was injected to serve as a negative control.
Injection of dsRNAs for yellow genes studied had no affect on larval-larval and larval-pupal molts, the
resulting pupae developed normally and adult cuticle pigmentation proceeded on schedule. However, the pupae
treated with dsTcY-d, -e and -f failed adult eclosion and eventually died. dsTcY-b, -c, -h and mixture of

dsTcY-1 to 5 had no effect on pupal and adult development and survival. Red slash lines indicate dead
animals.
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3.2.4. TcY-f2} TeY-d 3 A2 RNAiG] o Wd|7]eA] AFoze &3] Ay

TcY-f, TeY-d®] dsRNAE Triboliumell Ak 23} f-3ol4 Hu7|2e] 2= %S 74
k3 wy7]e] MAE AAHOoR o] Fo]H ) T8 setae, gin traps, urogomphis B]EgF W
718] 299 taming® FAH Y-S FFIHG . Ay W AFe w2, ol ™ (mandible),
o] 59 FEF tamning FA AAAA o7 AYPHS el & £ e} dsTeyyE A2 A
F= o+ 2 A (Fig. 4), pterostigmas E3HEH 2N black pigmentation o= FFS Fx| Fgo
w, o]& Triboliumell A TcY-f, Tcy-d7} Wd718t A E9] FE|Z M3 2ol o]}z e;%— A
At Fb 2y Az Ao 2yEts AAdA Wf SrEE ZAE 22 Z

Ak v E 23 FHA apolysis®} slippage EA3o] Lojuz|ut A Fo] W 7] %El 25
3] WojUlz] E3staL WU 7] FE| S #Ao AFee FA 25 #F F F A oh(Fig. 10).
o] AZE &34, Ty, Tey-d7k AFY Fel & ALJ AN A3F G oS a3 9%
< & A& A £ g4 o] F fAAS 23 29 F JANREZA HFUA F
i fARE 848 4 98 AeE A8l

ru“'
l
l‘-‘.‘-’- “)” tﬂ

dsTcY-f

Fig. 10. Effect of dsRNA for TcY-d and TcY-f on pupal-adult molting. dsRNAs for TcY-d or TcY-f was
injected into late larvae. dsRNA for TcVer (vermilion) was injected to serve as a negative control. Injection of
dsTcY-d and dsTcY-f had no effect on larval-pupal molt and pupal development. However, the resulting
pharate adults could not shed their old pupal cuticle and died without undergoing eclosion, suggesting that
TcY-d and TcY-f are a potential target for insect pest control.
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Tov-dsh Tovt 4] 12 BAITA ARG 75 AT Ashel, RNAT F 7
Z JY S TEM A S F355ch Tev-dsh Tev-fe] dsRNAS 3o FAT F 544 = Adr] S
80 nmE thin-sections F33+ & TEME o] &3lo] A3 A7} Zn|FAE RNAI & Fe|F9 % &
3] %3 7]¥l F(horizontal chitin laminar)¥} 42]3 -FF(vertical channel structure)ol] = = W 3}7} F2
2 et wEbA Tev-dgb Tev-f 19 @A olv FEIE FAAA N Fosly] Eoe FEIFS AL
3 M| #AF Aox FAAG

o
=
o
ar

dsTcVer dsTcY-f dsTcY-d

Fig. 11. Ultrastructure of pharate adult rigid body wall cuticle. Transmission electron microscopic analyses
show there is no significant morphological difference of cuticle between dsTcVer- (vermilion, negative control)
and dsTcY-f- and dsTcY-d-treated pharate adults, indicating that TcY-f and TcY-d may not be critical for
horizontal chitin laminar organization nor vertical channel structure. Scale bar = 1 um
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3.25. @& Eo]3 2d yellow & A}, TeY-goF Tey-g2.

Z3+8) 2] DmY-g®} DmY-g2+5 o EA| X2 7]5ol wWl$ 5233 F&2(vitelline membrane)3}
23} AZHE V)5S o] &E ALFA s wlg Fadhr @A 9 h(Claycomb et
al., 2004). Z3}2] DmY-g mutant ¢H A QL& ¢ F3ek(vitelline membrane)e] Zojol ul
AR A Q) 2| A7} o] FolZehy Ryd ul gk wekx] B APAFE F3ke] Triboliumel 4
z3}2]) 2] DmY-g2} DmY-g29] orthorogs X .3F3L(Figs. 12A), TcY-g2} TcY-g2 -3 #}2]
AR @ ZXEold Wty FAS s o] F A A= 8" linkage groupell Al A Z
FEo] 259719] FEE LElO]E 71H O F head-to-head WFOE wl§ LHSA AZAH o] Sl
o5 Z Yellow H AL 7oA 47§ ¢] N-glycosylation oA} sitesE 7FA] 3L 2} TcY-g2}
TcY-g22] 7 $-oll = N-glycosylation site7} $A= R 2F R.oJZl c}h(data not shown).

RT-PCR 23} 2AFA Aubell A= TcY-go} Tey-g22] &3 oko] 3] 2 21} (Fig. 12B, top
panels), A =3t 52 AFolE Tov-geh Tey-g2 o] FALHHE AS &Y & & dAh
o 43t wpgl o] o] F fAAE FE 4R AT LA B A F e
(Fig. 12B, bottom panels), ©] 5 §3}¢] TcY-g&} TcY-g27F &€ e] DmY-g9F DmY-g28} Zo)
& Axs}str] §ste) F3ub(vitelline membrane)d w3} AdS = FAF 3L
Ao 2 333 RNAIE 9351

A B
B s I OO -4 E YL OL PP P A0 Af
o e |2 TCY-g1 p—
| :::‘ % TcY-g2 —_—
ol | 2

_ml:mza Female Male
77 NvY-g2b

!51 Ov Ca Te Ca
=L NvY-g2c| 2
33 AmiY-g2 % Tcy_g-" —_———
73 Eh'l‘(-g2 t
- § TcY-g2 | ==
wol(AaY-g2 | £
%] . TerpS6

Fig. 12. (A) Phylogenetic analysis of insects Yellow-g and Yellow-g2. ClustalW software was used to perform
multiple sequence alignments prior to phylogenetic analysis. The phylogenetic tree was constructed by MEGA4
software using Neighbor-joining (Tamura et al., 2004). Yellow highlights indicate Tribolium Yellow-g (TcY-g)
and Yellow-g2 (TcY-g2). (B) Developmental and tissue-specificity of expression of TcY-g and TcY-g2
transcripts. Total RNA was extracted from whole beetles at various developmental stages and from the
reproductive systems of 1 month-old adult females or males. T. castaneum ribosomal protein 6 (TcrpS6)
transcript with the same cDNA template served as an internal control. E, embryos; YL, young larvae; OL, old
larvae; PP, pharate pupae; P, pupae; A0, 0d-old adults, Al, 7-d old adults, Ov, ovary; Te, testis; C, carcass
(whole body without reproductive system).
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Tov-gsh Tov-grh dzbe] Awstel 208 B SoA Lopis] Astel o] F AL
dsRNAE A5 A5 g7 F
F2gF AL AgER] g A
WAl JFE F AR FA3}
dsRNAE FAH & A5 ¢339 dXoA= &50°] S5 F(lateral oviduct)2}

F 4@ (common oviduct)ol A collapse® o] o= el & § Q1) o] = olntx TcY-got
TcY-g27h 744" AS dZo] Ao w FAHR] Rto] gA oA = Ao
FA = (Fig. 13). webA TeY-g9k Tey-g2 F-AAHE RNAIRE A3 A3 g3lo] AEE siA
Z3s o R Kol o]F # A o]t AT ARE A A FL2 HFEA
F2 $2471 2 Rew Auan

Lo
*co

dsTcVer . dsTcY-g2

Fig. 13. Collapse eggs in the ovaries of dsTcY-g- and dsTcY-g2-treated adult females. dsRNA for TcY-g and
TcY-g2 were injected into virgin adult females (n = 20) and then mated with equal number of non-dsRNA
treated-males. dsTcVer (vermilion) was injected to serve as a negative control. None of females treated with
dsRNA for TcY-g or TcY-g2 oviposited. Eggs from the females treated with dsRNAs for either gene appears
to collapse in their lateral and/or common oviduct resulting in abnormal shapes of ovaries. CO, common

oviduct; LO, lateral oviduct; MO (red arrow), mature oocyte.

_24_



M 4dg SrEdE X THEFOH0S 7|0 :

4.1. Achievement and contribution rate in this research field (X €4 %

2 BARk 9 S x)

AFUL 2 A7 Achievement %7} 2 ok Contribution

rate . . rate
(contents and Range) 9 T (%) (Point of evaluation) 1A% (%)

- Tribolium yellow % #}2]
100 AR g 22 ol Iy
¥ WA AN
- RNAi ¥ %93 9 I3 w3} 90%
RNAi 714k 13 A 4
F2 B4 94 100 1. gzuae 98 244 Fu

LA A <t yellow FAAS 2
B P 22

ZZoNA yellow FA2} familys wl$ chdd 715S 7R & Aoz Rzl T8
yellow-yE A &3k dfF&2] yellow FHAE] 752 WA QA e} 2329t Foll 9
yellow-y= FE]Z9] AL Ze) Fa3 43S oz ¢ ok T £ dAFelA+=
Tribolium®] yellow FAAE F L7t 25 AL F Ros B A& ¢ F23

>,

GRE T Ao FAL, o F W1V Aste] yelow FAAL S5 FAATH Aol
28 %50 ATE SRk o F $1she] Trivoliume] TAHGFeke] 139 yellow
AL THGAS real-time PCRS E3to] 43 A3 7} vellow FAAEL] 23 ofAlo]
W ke FAT F dRen, ol FAAE] 7] dE Ve T A =Y AT
F2= 7 yellow FAAE RNAIE §3F9 W3 yellow FAA7} 35 BA7] 13 $2
FE FARAAE Ak 2 23 ¥ {FAASE RNAI S W 2o A sAY
25 Fao] dojut § AAFE AL IR & Al B ATE F3], yellow
FAAEe] A2 E 9 ope} T3 AR, LA, AL, I I F4 T FaP
gL T AL & F . "W B AFE 239 yellow gene familye] AZEE 7]
B3 Pal ol 25 FelE3 37 AL G0 AYAelx §4 AAQ #F
Aol 71& 2|23} AgS AT} 792 £ 9 Ao|t}
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M S5E g7 duot 8 JutEE A=

-

5.1. Research achievements (27jgt A a})
o B ATLE YT 5 IQEE YN E IPET AT} 23 & & F9F =59 vyellow
family®] 7l5= ¥ o Zeo] IA odstaz £ AFE FPsFer, 1F LF yellow 74
A7 2% AR L R dFE Fo A FA F8E & Ao diste] LolR S}
o, RNAI A 7'M o] &3t oW yellow FHASo] HF WA Fa3d €3l
st A3} TcY-d, TcY-e, TeY-f, TeY-g 2 TcY-g27} dsRNA] &3k -4z wa
4 AHeES BoFe RS U¥ F A9k o] ZI}E= Tey-d, Tey-e, Tey,
TcY-g 2 Tev-g27F %9 Fe|E M FAR 23] T4, A L AL 0 Fad o
AAHE ®atk ol yellow FAASS] 7]50] MA2 o|glo] NEE 7
o7 w3, Z39 yellowd] 7155 ©lS Zo] A o]l 4= glo] 1
SHEE 2HAE FA FER|d TSt dA =vS

% off

o Md
X,
lo
o
il
=
o
o
Buh
2
ooy
&
o

5.2.1. Poster presentation in the Entomological Society of Korea (FY] €3] X 2¢ %¢H)

- g3 d52FE3 FASEUS

- 73 #5253

- B& AN R ATA I By

- 44 20129 49 209 - 21¥

- X2 3% A E: Yellow-g and -g2 are reqired for eggshell formation in Aedes albopictus
(Diptera) and Tribolium castaneum (Coleoptera).
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5.2. Expected advances (Z|CH4da})

5.2.1. Broader impacts for education (3}&£3, 18 A 3w)

2 ATE Fatol T HAAASY g F A5 Y AT 23] FEF A=A 2
A3k el Bojsks FAATY A% ATE £ 2 4 otk web B A9 74 9
82l 23 st 2F FelF9 JAFA i3k ola T uk ol A3t 9 Bxl AEFH
9] 71Z AXRE F£F B2 AF 7H7ARA F55 Heol 38 A AEA Agsted A
ARA D Aotk B3] Il T3 7T YA ,-1 719 gl g dFae &
AEe] AS dlel, & 9T $AE Fh) T B AU L AT A7 Lokl AT Y 4
F A8E 4 7 £ S Aol 53], B AT YA %31 o $5dAEF} ZLFE 2
%ol Syl vAlay, ’Q.AM-’S‘ 2 A FdT AR FASe] A9 HIEFH} Ak 7137 Wol
Zu) e $2& TARAVIEA Avx] ZAE 4 & 9L Ao AmdAg

5.2.2. Broader impacts for application (713, A A4 &d)
2 A3 2= AEs AsE, $ARES 5 7% e w °l'"l£l' 5 FAle] distiE
2 J3FSE F Aol Alxe 7% (Extracellular matrices, ECM)<

itz gon, AEe AEx E-’] ¥ hyalurona®. ©]F-0}# l.owm, AIE, wbule,
z2 9 JYS fA2 AN AL 9Jm-u} tube Fell LA} 2 DATH AL
thd A A1 (polycystic kidney disease)®} F 97 35 (atherosclerosis)® &S Q17ke] F34

AN E & F A Aol

T. castaneums ©]&-3te] £ AFE 3 F 42 AL A} 23T =)
Fel 2 woule T FHSE YIS F F AT FHold g $o] AAFE T 59
w3 g Ze B4 Q) novel insect growth regulators(IGR)S o] 83t 59 Ao LA
AAANRCZA fF5S HAst= AY 333 S EAAL AAe) FAF YA HF S
WAA LS A% ARE FH EZE 8 & £ 9S Ao]} (see section 5.2).

tuolrt 2% Fa3 A AzgE B Z oldsts A 2F FEHEST A ELA
24 o] & F & Foln ZF FEHE AsEgE V2= 3 AEE Fd FA uHlole
Y E AAsted EvS £ 5 95 Aottt ol I3 59 AsMAA S oldste B
A do] AR HEE FoFEA 9 F4, FFTFAPN HEF 5 = FAF
8710l 2 Fold (Fig. 14).

f
l
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i
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N
o

-
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Insect Cuticle Structure, Biochemistry And Biotechnology
Cuticle-Targeted Biopesticides and Cuticle-Based Biomaterials

Fundamental Insect Cuticle
Biochemistry and Physiology

- Insect Cuticle Chemistry, Cuticle Tanning Metabolism

Agriculture, Pest-Insect Control
Develop novel insect control agents
(Biopesticides) with improved selectivity
and safety that target insect chitin
metabolism and/or cuticle tanning pathway.

Bio-nano, Bionics and Biomimetics
Develop Biomimetic materials with unique
physical properties like those of the insect

cuticle/exoskeleton for use in biomedical and/or

other technological devices.

Fig. 14. Application of the information gained from this research proposal. The knowledge gained from this
research proposal will provide fundamental understanding of mechanisms of insect cuticle formation and
maturation, and could open up new two strategies. One is for selective pest insect control and develop novel
bio-insecticides, which target cuticle biochemistry with minimizing detrimental effects on the environment and
non-target insects, and the other is for developing novel biomimetic materials/devices, which possess unique
physical properties like those of insect cuticle.

5.3. Apply to pest insect control (HJ7§2Z 1} o = x| of
Pigmentation/melanization & =Z°l 3lo] Wl§ Fa3k AR FAH o= Fe|F9 239}
Ash AR A AE}E NED Fol W Izkel AL FolBeh Yellow: Aehd
StA FAA A F Q3 IS i‘:} H| & dopachrome% DHIZ #3sl=d] v ai= uk-go
o AYFAT o= TN AYY F3} NS WRIF WL A7 =e YR weo
u}2}A] X148 pigmentation®} melanization ‘ﬂ"a"é' A ZF°] 5olAQ Yelow GHAESS
THAA HAEAE AEE F ds el Ty 2589 yellow-yE A3t Z+7H9] yellow
$AAES AT, Azl sl daelt Agl B Eaet

ugtd £ AFE 5o €2 2= 239 FEHE € 3 FA3 As), s
W3 o 22 A4S @A 2 Rl o Yo} S I YIS AYFelx #7
A3A Q) AAE Al AR F U= AEE B FE EZE A o4 £ IS
Rolt}.

32 RNAIE 7|9te = 3 338l diste] @2 IS 7L AFEHL 9en 1 2
H7t HT FAAA Adel]l Ru=E gtk o W Mao et al. (2008)2} Baum et al. (2008)
7} Helicoverpa armigera (Lepidopteran) P450 monooxygenase®} Diabrotica virgifera (Coleopteran)
2] V-ATPase®] hairpin-RNA (dsRNA)S '‘HdA)7|= FAAI} 2 ES o] &3} RNAIE 7]Hle
2 = s SEA el sl Bsk vl °‘t} 2 =%°lA+= hairpin-RNA7} 2= = 4 23
AES AT 239 AFE] WS =2 ZAS B EY ol HolE #HE ZF Al
4] hairpin-RNA7} ‘&3 =]e] RNAiZ} 7“'55—101 2%°] 7k P450 monooxygenase ¥+ V-ATPase
9 FAA o] FoJTHA AR Aot} o] F =welA Rux wigl o] RNAI 7|} e]
do] 728 7S AT ASEHE A B 9 okdE fFS dAEEdUE Ay £&
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Screening of target

Strategy of proposed RNAi-based pest insect control

< Synthesize and inject gene-specific

E . dsRNA for all yellow genes in Tribolium | =

2 S

£ v =

3 ‘ Observe lethal ‘ 80
4 phenotypes ; o
@ » a5
o ‘b y=

2 ) . ‘E

2 ‘ Identify the target genes ‘ =

g for control pest insects

—

| [ Construction of
bacteria expressing transgenic plant
dsRNA for target producing hairpin
genes RNA

Construction of

Ingestion of the bacterial or plant
producing of dsRNA/hairpin RNA for target
gene to control pest insects

4

Develop novel biocontrol agent to
control pest insects

\

Control insect pests with improved selectivity
and greater environmental safety
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Applied Biotechnology: RNAI Based-Pest Insect Control
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Silencing a cotton bollworm P450 monooxygenase
gene by plant-mediated RNAI impairs larval

tolerance of gossypol

Ying-Bo Mao', Wen-Juan Cai', Jia-Wei Wang'~, Gao-Jie Hong'?, Xiao-Yuan Tae'”, Ling-Jian Wang',

Yong-Ping Huang' & Xiao-¥a Chen'

We identify a cytochrome PA50 gene (CYPEAEL) from cotton bollworm (Melicoverpa armigera), which permits this
herbivore to tolerate otherwise inhibitory concentrations of the cotton metabolite, gossypol. CYPSAEL is highly expressed
in the midgut and its expression comelates with larval growth when gossypal is included in the diet. When larvae are

fed plant material expressing double-stranded RNA (dsRNA) specific to CYPSAELS, levels of this transcript in the

midgut decrease and lanval growth i retarded. Both effects are more dramatic in the presence of gossypel. As a
glutathione- S-transferase gene (GST) is silenced in GSTI dsRNA-expressing plants, feeding insects plant material
expressing dsRNA may be a general strategy to trigger RNA interference and could find applications in entomological

research and field control of insect pests.
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Control of coleopteran insect pests through

RMNA interference

James A Baum', Thierry Bogaert®, William Clinton’, Gregory R Heck', Pascale Feldmann®, Oliver llagan',
Scott Johnson', Geert Plactinck®, Tichafa Munyikwa', Michael Pleaw', Ty Vaughn' & James Roberts'

Commerncial bictechnology soktions for comtrolling
kepidopteran and coleopberan insect pests on crops depend

on the expression of Bacillus thuringlensis insecticidal
proteins-, most of which permeabilize the membranes of gut
epithelial cells of susceptible insects®. However, insect control
atrategies imolving & different mode of sction woukd be
waluable for managing the emergence of insect resistance.
Toward this end, we demonstrate that ingestion of doubile-
stranded [daRNASL supplied in an alificial diet triggers RNA
interference in several coleopteran species, most notably the
wastermn corn rootworm (WCR) Diabrotics vigera vingifera
LeConte, This may result in Larval stunting snd momality,
Transgenic com plants engineered to express WCR dsRNAs
shew a significant reduction in WCR leeding damage in a
growth chamber assay, suggedting that the RNAI pathway can
b explolted to control insect pests via fn plants expression of
a deRNA.

imitial bioassays, dsBNAs were applied 1o the surface of the WCR agar
det ot comcent 5300 mglhom® o TEO e,
anticipated a shower resp dsftMAs than 1o gL
msecticidal prowine. the WCR bioassy ub n period was
extended from 5 d o 124, Indeed, 7d & staicn, linde | sy
effect was observed However, numerous ds BNAs exhibited significant
12 d sfter infstation, ssuhing i both laral stmtieg and
monality (Supplomentary Table 1 onlise)

Subsequent feeding asays demomsinied tha cerain ddiNA am
pes, imcluding GRNAs warpeting pumitive genes enooding vacualar
ATPasg (V-ATPasc) subunit A, IF and E s well as a-tabaling wene
active at applied concentrations well below 52 ng'cm’. We identified
addivional WOR gones that cassed momaliey when targeted for
suppression using SRNAs in the WCR feading assay. A two- tiered
soreen was implemented in which dsRNAs targeting difie
were tested at 52 and 5.2 nglon®, OF the 190 dilNAs tested, 125
showed significant (P = ¥ larval monality and/or stmting at

As we

activ

o MRS SO Trara g com
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Table 2. Insect terminology

% T = =
cuticle X3 (FFE )
exoskeleton 9=
epidermis EIAE
pigmentation A 2] =
melanization s
sclerotization E
chitin =
envelop SIS
epicuticle SR R
procuticle AR F
exocuticle AR
endocuticle PIEEA R
elytra A
hindwing =
pterostigma i R
setae TR
urogomphi ne &7
mandible ol-Zff & usj
apolysis oFEZ P Al 2~
ovary WA
eggshell w7}
vitelline membrane st

A6 %

GlhcarS-y

AP ARGl N =1 39 2] %

A7 A AGFEAAA]

()
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O
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