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Abstract

The coating of scales on the surface of the wings is a basic characteristic of lepidopteran adults. Wing
scales have important physical function to Lepidoptera, and patterns formed by multicolored scales not
only have specifically developmental mechanisms, but also are a key innovation during lepidopteran
evolution. So lepidopteran wing scales are valuable for the studies of insect physiology, developmental
biology, biologic evolution, and even pest control. In this thesis, we studied the silkworm scaleless
wings mutant (scaleless, sl) on morphological, cell biological and molecular biological levels, and tried
to clarify the mechanism of the mutant and offer references for the studies on the development of

lepidopteran wing scales.

We carried out our studies beginning with the development of the wing discs/wings, in size and shape,
during the 5™ instar larval and pupal period. We found that the wing disc grew slowly in the prophase of
the larva, while very fast just before metamorphism. We also found that pupa was a period of the wing
buds perfecting, with wing scale formation and pigmentation. Hemopoietic organ is located tightly near
or attach to the imaginal wing disc in the silkwom, Bombyx mori, and the two kinds of organs are
customarily called by a joint name as hemopoietic organ-wing disc complex. We successfully extirpated
the complexes of 5™ instar larvae, and found that even when all of the complexes were extirpated,
majority of the silkworms could still develop into moths normally. Using this technique, we studied the
effects of the extirpation on the hemopoiesis of the silkworm, by investigating the change of density and
total of hemocytes circulating in the final instar larval hemolymph. We found that mitosis could offer
enough hemocytes for the development of the silkworms whose complexes were totally extirpated. And
the collapse of the hemopoietic organs during wandering might be a consequence of metamorphosis, but
not a prerequisite for pupation. Exogenous hormones could elevate the mitosis of circulating hemocytes
in complexes totally extirpated silkworm; and during early spinning stage, complexes extirpation might
cause a certain extent hemopoietic compensation of the remainders. The feasibility of the silkworm
wing discs growing and developing in exotic site was proved by reciprocal transplantation technique.

The results afforded us the background for the following studies.

We investigated the morphology of scaleless and found that it had many fewer wing scales than wild
type (WT), and that the remaining scales were smaller in shape with fewer furcations. Reciprocal
transplantation of wing discs between scaleless and WT revealed that the WT wing disc could develop
into a small wing with scales after transplantation into a scaleless larva; however, the scaleless wing disc
developed into a small wing without scales in a WT larva. Upon dissection of WT and scaleless wing
discs at different stages from the fifth instar larva to adulthood, no obvious differences were found
before pupation. However, after pupation, tracheae produced from WT wing veins extended to the

lacunae between the veins and formed a network on the second day after pupation, whereas this did not
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happen in scaleless. At the same time, no marked difference of the adult body tracheal development was
found between the mutant and wild type. Furthermore, if the surface of a wing disc was cut and its veins
injured, the resulting wing also had fewer scales than that of WT. Also, we found that higher partial
pressure of O, could rescue the loss of scales in scaleless. These data suggest that the factors affecting
the growth of scales were not produced in the hemolymph, but in the wing disc itself. It is also implied
that wing scale development is dependent on the correct organization of tracheal system in the wing

disc.

We gave data to clarify the mechanism of the mutation of scaleless at the cell biological level. The
results of AO/EB dying and Caspase-3/7 analysis showed that programmed cell death participates in the
wing scale development during early pupal stage. On 2d, well ranged cells could be seen on the pupal
wing, surrounded with vast dead ones. There were significant differences between that of sl and the wild
type (WT) at each phase. Well-differentiated scale precursor cells did not form in sl when they had
formed in WT. The peak of Caspase-3/7 activity in Sl occured one day later than, and ten times as much
as that in WT. Apoptotic bodies and DNA ladder studies also showed that there was excessive apoptosis

in sl early pupal wing.

AS-C (achaete-scute Complex) genes are associated with the development of Drosophila notum bristles,
and a homolog of AS-C (ASH), B-ASH1, controls the formation of butterfly wing scales. In order to
clarify the mechanism of the scaleless wings mutation of sl at the molecular level, we cloned and
analyzed the AS-C homolog in Bombyx mori. Four genes, Bm-ASH1, Bm-ASH2, Bm-ASH3 and Bm-ase
were cloned, and the proteins coded by the four genes had a typical bHLH motif each, and the former
three also each had a 16-17 aa conservative region at the C-terminal. All of these indicated the four
genes according with the characteristic of AS-C homolog. Homologous comparation and evolutional
analysis showed that Bm-ASH1 formed earliest among the three preneural genes; while Bm-ASH2 and
Bm-ASH3 were mostly homologous, and might both occur later than Bm-ASH1. We investigated the
expression level in various larval organs and different embryo developmental ages using RT-PCR and
realtime quantitative PCR methods. Bm-ASH1 and Bm-ASH2 were expressed in most of the organs and
had a high expression level in proper embryo ages. Bm-ASH3 was more differential, so we deduced it
formed at the most near time and gained special function. Bm-ase was also more special and the detected
expression level was low. But neither homologous comparation nor functional analysis could correspond
the three Bombyx preneural genes to those of Drosophila, so we still named the genes after their

discoverd order.

Both of the results of semi-quantative RT-PCR and in situ hybridyzation showed that Bm-ASH2 gene
expressed abnomal in scaleless pupal wing. The gene expressed highly in 0 d-2 d WT pupal wing, but
very low in scaleless. Sequencing results showed that there was a continuous absent mutation of 26 bp,

1 027 bp upstream of Bm-ASH2 initial code in scaleless genome. The transcriptional activity of
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scaleless’s Bm-ASH2 promoter was much lower than that of the WT, just the same as the truncated 979
bp promoter segment of WT without the 26 bp. EMSA result indicated that the 26 bp had a special
binding nuclear protein. Genetic experiments also showed that the 26 bp sequence absent was tightly
linked with the scaleless wings mutated phenotype. All of the results proved that the mutation in
scaleless’s Bm-ASH2 promoter caused the failure of Bm-ASH2 gene’s transcription and translation. If
artificially made the Bm-ASH2 gene expressed in early scaleless pupal wing with immediate expression
system, the wing scales on the adult wing were increased significantly. So Bm-ASH2 gene is a key

regulator for the formation of silkwom wing scales.

Key words: Bombyx mori, scaleless wings mutant, wing disc, wing scale, mechanism
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PGEARAA A, rw AT Vg 55, R R U UL K3 B IR A EL (Fujiwara and Hojyo, 1997). [
R JFEAEAN R K AR 2 A AH B RS AEE AR, Hojyo and Fujiwara (1997) UEB T4l fl o5
AR R AN WA B AR L, TRARAE TRk B 5 2

-

uslopge

sosIp [euibew C)CS)

Larval interior Adult
1.1 RBH AR RERSENNAKRRETEE.

Fig. 1. 1 A sketch map for Drosophila imaginal discs and the corresponding adult organs.
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1.1.2 833 H B B3 m st 5

R H B, JCTRWIRIE R T, KHR A RIS R R 4 B A Wy, FErP DO iR
I AR, X CEEH 7 A RRER RS . @R T LR AR RS, NI OB
CIRAESUNIE 5 o IXEEAELUM P ST FAZBENL™ A2, AT € RS, e TTA UK st H
R MR AT, 02 BRI R T AR S BE FER SR, DAt B dudd i P& 5
St H B RN 73 S S AR A (Galant etal., 1998, 81 H B du i 1o ik R g I
WOKBARE, #B)E ki (Biro etal., 2003). UbAh, )5 10K & ARSI K S K E
TEEEE T R

1. FRAEE R RS

figh AR, KB AT JURCK BL oK, I L RELE e T A e BTS2 . B HAAA
[FIRTEAR, T -1 e e, TR sl 20 3, WA B AT =M. &AM I L5
HA—AE, Bk H R (scale socket) N, PRI FI I HEFHE it v e T 6% H
MHEZIE . K Bl RO 8 Ui vd, WAMBE R RTLL [ g :
T A8 MU 2 A HE e e AR, AR
) B HRh 2Rtk v iR 5 SO 5 1, AT HES Y,
AR, 108 2 B BENLHES . (H 2 T IE
W AR 8 A R S B B HEB U, R HLE R
YU PR 7 BOIR o A e 1 S ABE T AT AT 885 R 1R Al Tl 4
Ky, AR EAIRZ SR KAPFTIE L, A1
ISREE Ty A T WA NANRINNZ 7, AR : :
R T AT E NS N L P 1.2 S0 E RR/LMERSRMEMEE. A 1B
(Yoshida and Aoki, 1989; Simonsen, 2001) (& 1.2).

MR At , R Loy h &% (cover scale)

T “ps L b

%l bar=10 m. (5] H Simonsen, 2001)

WEARE B. BTRERL C A1 D/NHEERL , E.

FNEEf% (basal scale or ground scale) PHFIZSAL, JlH
RV 7 B30 Y LU R G, I L 58 A7 o A R0 (Rl
TERZHE SO, 75 6 L Bt 5 AT S HA [ 11 (5 %
(Ghiradella, 1985; Nijhout, 1991). MIhfg L&, @5

Fig. 1. 2 Microstructure of several types of
lepidopteran wing scales. A. Neopseustidae, B.
Neotheoridae, C. Micropterigidae ground scale, D.

Micropterigidae scale arrangement, E. Mnesarchaeidae.

SCAT LAy Ay S5k % A (structural scale) FEHE ML F (sensory scale) o B P8 A =5 BL 40 A1 7E
SHJGK B IR )38 S . S H B U B R R T R 6y S AT IR NI (sensory
bristle) A&7 4% (campaniform sensilla) 45 (Yoshida et al., 2001).

2. BiRRIARE

figh Fr (LSRG SE R PESE FoD TR T AG TR, Wik B S, 6% TR0 i (scale precursor cell)
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ill

AT —UAT 50 48 CRUCH TR TR P E AT (daughter celD), $he 75 B i1
—ATET, 55— MR TR LA 5 R L B AR T AR R
EARRTIA AR IFIATR U L5, PEBE AN (scale-building cell) I 11
LA Csocket-building cellD. PIURAPFLLE AR, BT MR ANNDEN FF 47 2 FK fARRIR R L,
HIAIERE (firstbirth scale), HIAEBEITORSE/E K IFR AT (Nijhout, 19915 Galant et al.,
1998).

3. BiA RARPIEER (wing pattern)

A e R, WnE % (wing pattern) &M H B H—FIATEA, ks H R R
[ B S At H 3 i By A ST St BT B i b R B () AL SUE AN R %
(R P A7 R B HEF TR B o AR B8 IR AR AR BURAT B, i B R OB A, Xt Bk
R % & I ) (Takayama and Yoshida, 1997; Takayama et al., 1997; Janssen et al, 2001). %
RV R AEAEW AR, R MEHCPILRT 24 N FFG . ASFERPSI G R DTS R S 4t
75 T AN RN ) S AR AN RIS AL AR € 32060 R BH e L E A7 AR (Nijhout, 1991; Koch et al.,
2000 a). ALEEE RIS BATRICEI S, SRR BERIALEE L # T LUK E (Kumazawa et al., 1996).

VF2 i H R AR s O EAT RN ORAFRIIRBE Ceyespot), Jf H—S8Fh K1 5RAL
A 55 B A R 2 TR IR B AE TEAS TN AR A B B A TN R 22 5 o DRI, IR IRl ok 3 H B e
HAESUF IR . B 2RI, BHEAFATC LMW T VF 2 Fh2EHRBE IR TE ORIt g @42, 4
Qi wingless (wg) . decapentaplegic (dpp)- distal-less (DI 2555 R BEJE 1% 35547 45 < (Brunetti
etal., 2001; Carroll et al., 1994).

4. BEAHE R HAYE R FIREAINIE

i H R 8 F (scale) 5 RMRAINIT (bristle). TEATEHNIEEH (scale or scute) A
KHYIE R (skind SEHIPE (feather) LARIFLAIMIINER (hair or fur) SFH AR,
FIRIThRE . e AIMIZED A KA ARGy TR AR UE W] T S R L F 5 FL e
NITE B AR S YR (Overton, 1966; Overton, 1967; Galant et al., 1998). fij HL7E RdgHF57 I 4
WA TARZ HOR, W LU Bk i H B He sl Fr i) & & Bl

1.1.3 RBENIERNLE

BRI SN2 280 (peripheral nervous system, PNS) JtA5 VIR 3= BKG 48 B . R R K48
F (external sensory organ, es), 5% #s (chordotonal organ, ch), ZMZMMZEJH (multiple dendritic
neuron, md) FJGKAZHE (photoreceptor). FMRMINIE AR Z A TR, SR M—&R
AHEDR IR PP 1 238 P 1 4%



A AR 2 e 1 - 20 18 S

>
5
hulllg

1. RIERETE R R R

TN BB RGO, BINIE. H
(FE), PR oM. WIEBHEBRAM (trichogen) 4k

PR, AL TR WIE RSB AT B 5 40 Y (tormogen) trichogen .- N
AR (socket) Wo NIBHIEH LA (neurone) !
ISR, A P2 540 0 (thecogen) FTELFRAILR i .,

$#' ( Ghysen and Dambly-Chaudiere,
Dambly-Chaudiere, 1993) (& 1.3).

2. RIEHIR B

1989; Ghysen and

1.3 RIBRIERTRFEHMA. (7
H Ghysen and Dambly-Chaudiere, 1989)

Fig. 1. 3 Composition of bristle system.

2 Z R BEERANTCEIEA R W] TRIER R E I, IR 7 #ig 4! (Ghysen and
Dambly-Chaudiere, 1989; Jan and Jan, 1994) (& 1.4). WIEK T — L& EMEILH (proneural
gene) TERTMIZ AN if% (proneural cluster) HIA, XK & B bHLH Zi#3 (basic
helix-loop-helix domain) [¥)— & 41#5 5K, 41 achaete (ac). scute (sc) Fl lethal of scute (I'sc)
G o FORIXFEHE PG B nT LA A A ML BTSN (neural procursor cell), K LTI #H £8 41 F A% 1)
B W E T R R AR R B 28 B A & (Cubas et al., 1991; Skeath and Carroll, 1991). 2Xifi, Jf
AR AN R RS b, T A T AN E LA R E s s E A AR i )5

Neural compatence

Proneural gonas
achaale, scule, atc

Singling aut of precursar

Neurogenic genas
Norch, Deita, big brain, gic

Ditterenhaton

MNeuronal precursor genas
asense, deadpan, atc

a
Neuronal-type selector genes
cul. poxneuro, ete

Cell division

string. eyeling, etc

es organ coll tate specification

Maich, Delta, numb,
Hairless, ale

1.4 RIBRIE A BWERILREL, (7] Jan and
Jan, 1994)
Fig. 1. 4 A model of bristle development.

EHRLMPRas K g XA AT BAE, R&R
EUESAFTE F Ko IX—IdF2 1 Notch. Delta. big brain
S R Y| ML H (neurogenic gene ) 5 il
(Artavanis-Tsakonas and Simpson, 1991; Ghysen et al.,
1993). — HAPZHiTAALE a2 Tk, M pfidht
( neural precursor gene ) Al ffi 28 MY i $f 3
(neural-type selector gene) L {EIHL P&k, FIr
BERTEANE A s 528 ) 32 2k e Bk A A R R
W% B M) 2% M ( Blochlinger et al, 1988;
Dambly-Chaudiere et al., 1992; Brand et al., 1993). %
R H ARG 2 0 P R 22 53 2 HE DDA AN [R) 2R
(A, DUAST-A MRt — 2B R E e E K D e 4 i,
1, 598 2 I B 30 ) MR R R e 1 DY A 21 S 4y
(Bodmer et al., 1989).
i R AT, f L RE NI B TR U 2 — RV 5%
PRIT-, - SR v 24 i K SR S DR 1 1) 32 TR R G PR Ay

achaete-scute & #71& (achaete-scute complex, AS-C).

RATEZ TR Z P #8 we pE 2] T AS-C (W [RIYE1AFER (achaete-scute homolog, ASH).
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1.1.4 achaete-scute E& 1K (AS-C) REEIRA (ASH)

AS-C GFERME MU SRR EDIN . MMAERE K EH EEAEHSER, & 1#4% % bHLH
R 3  IR o IX DYANSE R 331 i achaete (ac). scute (sc)+ lethal of scute (I'sc) BA . asense (ase),
HAF =AY T IR ML (proneural gene), asense J& T #IZE HT/AFEA (neural precursor gene) .
IRZ bS5 AS-C Thae R MU AARL D, Zefkoh AS-C [H)Ji{A (achaete-scute
homolog, ASH) JL[X] (Alonso and Cabrera, 1988; Johnson et al., 1990; Johnson et al., 1992; Ferreiro et
al., 1993; Galant et al., 1998; Deblandre et al., 1999; Wheeler et al., 2003; Jonsson et al., 2004 ).

1. AS-CHIRRE 4

iE LT B BEERAN I E T AS-C gL (B 1.5). AMERERT W, BARG5
HIFESI & achaete (ac). scute @ . lethal of scute (I'sc). scute 571 scute v . FLH lethal of scute
AT scute a Ml scute B[], 4N HIX— B D 2 23 56 i AR il 22 R 40 110 1E K B 1S BUR G 28
T2, WM 1S 4« BT 25 (breakpiont ) T I'sc, A8 ik R, H b 27 28 180 (¥ Wil & ( Garcia-Bellido,
1979; Campos-Ortega, 1998; Usui et al., 2004) . Ffidg 7> T AEV) # 1R e, Sl 4L R 4198 0y,
HHA R T PR . XBP AL 100 Kb, 7T X BRI X B DNA S35 ] i+
ANGEEEIE, o PUAS BAT SR AR 7 8544, B bHLH, e AS-C DU L (Alonso
and Cabrera, 1988; Martin-Bermudo et al., 1993; Modolell and Campuzano, 1998),

AR, LR DNA JP ot HE 55 1R 2 A AE R Jof (cis-regulatory sequence) (T[]
1.5 71 Enhancers JJr75) o 1E 2K SR HITTAFAEAE, A AE AR AN B DR 2 AR ML 5 5 =4 1 I [)
FIRL B 17K (Modolell and Campuzano, 1998; Gibert and Simpson, 2003 ).

Phenotypic map
lethal of scute
achaete scute a M scute i scute ¥
1 M Y 171]
s1Lalvi 7l H 52
vt 8 4 ] 19 260-1
Molecular map STV al s27
R R A 1 EEE R | Rl B

yellow s ac # sca  Iscw T2
Wing disc ] I W O N |
Enhancers |CNS [ ] B [ 1

PNS EEI]:E
1.5 AS-C BIREENEFIYIREE . 3 BE kst st IS I 5 g AR B AR DG W R . faj ke O,
S ERRRR Wi 2T A RR (B S1 381 sc®D o I s 3 16 X I T 241 7 24 P 1) 1 AR K3 Sk R s L e 10
WAL E . sc® KBk (7 se FUEIIKL 17Kb )55 AR ITRER R . KT8 (AT k&R S AR, 520
sk oR AS-C 2. (5] H Modolell and Campuzano, 1998)

i)

5
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Fig. 1. 5 The phenotypic and molecular maps of AS-C. Vertical arrows indicate the inferred order of the breakpoints
associated with the chromosomal rearrangements used to construct the map. For simplicity, only the distinctive
superindex has been indicated to name the breakpoints (so, «SI» means sc'). The names of the genetic regions are
indicated. Rearrangements normally used to define these regions have long downwards arrows that point to the actual
location of the breakpoints in the molecular map. Extent of the sc® deletion is indicated. Coordinates on the DNA line are
in kilobase pairs. Under this line, thick horizontal arrows indicate transcription units. Filled arrows correspond to

proneural genes.

2. AS-CER R FRIZFIE

AS-C YA e i, ac Fl sc IOC R BT, BAT TR DAL — 28 oo (HI2 sc [P
WHEHLE L ac AR Z . LR IMEER AL ac (19741 (TS) Rl sc (/741 (T4) 1F ac fl
sc A s Lo A LR s HSE 2 0T R BT 2 2L i 41, X — oI T ac 2.
I'sc 76 A LT AL, & BTG 4 HLH A2 Le i 52 241 (Campos-Ortega, 1998; Alonso and
Cabrera, 1988). /Nl MASHL thAT UM ML (Johnson et al., 1992).

NI B 2 B A JE A28 R 4T (peripheral nervous system, PNS) PUFF 32 25 25 B AR, &1
TERCEH — ZR G JE R R P Pt B BT 4%, AS-C e b Bt bt vhC A o FEph ek Bk firh, AS-C
DY A FE R R AIVEH], Hrh achaete (ac). scute (sc) F lethal of scute (I'sc) J& T J5ifi4t
JEIA (proneural gene), asense J& T-#HZEH{AJEA (neural precursor gene). ac/as Zifith i & [ i nf
DL 57— AN IR 4 2L (K] daughterless 4 il it bHLH 74 25 (4 )i Da 45 & T B IR 3R AR DIAT A i 5 A
FIHE (Martinez et al.,, 1993; Jan and Jan, 1994). ac. sc fl ase HJ/as)F XA HA E-box

(5-CANNTG-3), BeEAT B AT, AS-C IR 1k a8 52 31— 26 i A HY PR 7 (% 3 4
extramacrochaetae (emc) Zifith (185 (15T EMC A& HAT HLH S5 s b7, AHARHAT X
5§ (basic domain), MM LAY ac. sc &R EY)5adr, FHARY Da IEH 45, Ml
AS-C F:[M 2275 (Van Doren et al., 1992; Martinez et al., 1993; Gibert and Simpson, 2003). hairy J&
T3 AS-C JEAT S U BRI, g A iR 2 st BT bHLH 453, (H2 & 455 2 AR
T E-box e AL, v LAZE S 7E AS-C JA 8l _E iy BEAG L 1F % #% 5% (Chen et al., 1997; Fisher and
Caudy, 1998). emc F1 hairy ##5 4 “prepattern” K, FAEAIHE T RIAHE4I % (proneural
cluster) FYEl, AEIL “prepattern” FEPK A HEILAN 4L (equivalence group) HAY K T A fH £ 4
Mof%. & TRk A2E i Notch {5 5l % (Notch signaling pathway) /SN LA, R RAE N
PRZEHTARZ I (neural procursor cell) [ HTARZE 4l i AS-C BE R A # 52 2416 (Reed, 2004).
X —IE %, Enhancer of split CE(spl)) gt H KFEE G SCHEPEIE -« SR i A2 (neural
precursor gene) FIMAEAIERFFLN (neural-type selector gene) 2{EMARIRAIM 1 RIE, AfH T
LR TERZANE A, 17528 W 32 S e KR B R B A B IR AL F A AN i 225 AT 425
ZE A AFRA A, PUAS Fan st — Pk B AR E DI REAT S (Jan and Jan, 1994). 15
54>¥ (signalling molecular) Dpp Ml Wg 7E4EHF AS-C B (1) A FIHE “prepattern” FE[A ()3
kA ELAEH (Calleja, 2002),
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AAREMEIEF KK E A E IR ICR L — BFUERRIMEFR SR, %8S
Oy He i, R A KA, 3 HAE95 % 0,45 % CO, N i 23 FU IE W 40 B AT DU R I %,
(Kawasaki and Iwashita, 1987b). B-ASH1 ¥ H £ Hprecis coenialfJAS-CIrRJJAASE, & 4]
X IR R (H R AE A BIA B RO [0 2 2 WTB-ASHLB AT 3Rk, AT LILRIA 5N AT ¢
(Galant et al., 1998),

TE B HURENK G, R E, K AE Xam iR 2703, A& LU Bk
MRS B IR, LARAE AR IE S 2B KR G Frifs (Garcia-Bellido and de Celis, 1992; Roch et al.,
1998; Samakovlis et al., 1996; Ebner et al., 2002), “UE & b S 40 A I 2% (B, 55 FL 3P0 )AL
BRI E R SE ) (Metzger and Krasnow, 1999), i il i AL i 1 F AR B A SR8/ I 4%
RITE R KRS0 BRI RIA A K. U AMIE LG, M U8 M TE ) 23Rt
B IAER T2 FGFf5 Sl % (FGF signaling pathway) 4% (Ghabrial et al., 2003). 1556 & 4
Jig Fhtrachealess fltangoJi R 3L 7] 4 i [ bHLH-PAS 7 Y5 — BB AR R 455 K 1 Flventral veinless (wvl)
G IR POU [RI e sk IR 1 JE B 41 4 B 4 i A (G R 7~ 52 4% (fibroblast growth factor receptor,
FGFR)Breathless(Btl)—— — 75 I 52 44 i 2 I Wi (RTK s )—— (1) 414 (Llimargas and Casanova,
1997). Ay, BEARSED£F 4k g 2B KK (FGF) branchless (bnl) tiif73iL, (HERIE
ANRERAE G, WEAE Y (tracheal sac) & AR AAMNAZ 410 . Rk, <
EM M AEFGRE S I CER, T B SR JaonlE IE4E BRI IR IE, 1T A2 7E SE L 1)
My ik, R BUR A BT IRFGF L RSB, Tibnl )31k 3= 2252 decapentaplegic (dpp)-
wingless (wg) 5l IR S o AEIRGE 7 B A bl RIbt [RIAE AL OGP A, dl I
PG Ry R DRl yan Flpointed (e A IR 4 4 B b AT ZE s 7 il 55 Ksprouty (spry) 23 BH W FGF
15 5 10 5 AT B 20 B (R AR 2 B il o 0058 9 288 1R e AR i e 24 0 e U, EL 5 A 240 B A I )
FLOEA . RAUT DRI, N S BEAG LR e it DAL R AR 0 40 B mT DA 23 wih <5 B
AR S, MIMMELE TR RE AL E . HF7 R IX—{5 5l & Branchless  (FGF). blistered
FE U AR BRI OB A ], AERR B S A 3Rk, SZBranchlessfi 5 119 (Ghabrial

o A "}%ﬁa“
Tracheal I::TI \“-"-I{:r? ' ’.ﬁ
i | -

f
specification & AT I|!||I
General sac formation 1 E 2 | 3 %
Budding — EELEEELEE — oF Gm — oo Y —- praraililv iy
Program trachealess branchless pointed («) blisterad (s)
tango brearflass () WaiT (x)
il shmps (=) sorowy (=)

1.6 R4 (Drosophila) SERETEE. JE'T ) RRMEER IR T8V KA LR P R Rk ) 2 ]
HFEST. BFERNIEMNSH. (51 Ghabrial et al., 2003)
Fig. 1. 6 A sketch map of Drosophila tracheal development. Asterisks (*) indicate genes whose expression is triggered

by genes that functionin earlier steps in the program. The numbers indicate the grade of the trachea.
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1.1.6 REMEKAYE BRAHLIE

F7 AT TG IRIR R, AT EBVUR T . A6 T ST i LT — 475
MU, IR R O, L S O SR S A SRR . 502 0 9 o 5 2
FARS AL, W LBRAHL T30 L BRI S ph 5 B 0 35 07 A PR b 1, e
0 L BR T LS A 22 20 R AT . TR, R PR, MR T 24 3 Bt i
SRR TN ph G F 0k 20 3 BTN R TR . i L S S LR P U
AT,

1. RELHRMEKAYEE

KA RS TR M ek, BPJS sk, RN, B0Ri 40 M. /NER A B R 40028 €0 40 1l o
TAP M ER A A FEFJESRE: (1D J A Bk T sk i Mg —, BB . ek
DG, BAREYE: 0iz Rmy e, g0 sur4ss (2) RAME R AR Daiif, BB,
G ALY, i LAGTEIE 2 . B AR SR A0 b A M ERSRARL, AR MR R RS R Al
L — ARG PR R BRI, (3D BRI L& K A 1) Sy — A Ok D, BB aRBRIETE, HATH®
(RIAFIEAE TR 70 WA T e o A MOAZ LLBL/DS Al ot TR AT AR 22 /NTRE, W A3 44 o IR R IR BLATRG P
(4) /NERGHM A BT BN B 8, I R R P a2 40 M 5t b AT 1~20 AN SR/ Bk, AT E0fd
Y H BRI o ANERG A AR s (5) UL AU, BUBSERRIE, BEAAMARIR K
IR O BRI . R4 T AT LA BRI N S . B ek or 28070, ik
Iz I3 300 2 B B R A A R B T R, A AR IR B R AR AR A 2 L )
(#K5, 1970; Nakahara et al., 2003).

- RMBRAE K AR A 1) LU A AR R, A A RO 0 B i ssk o BT of gl e ey, TSy
ALIA ML ER ST 50% ~60% o FUZE (ALY Ay Bk S 280 1% iAo A =R 2R A0 40 i J
(Nakahara et al., 2003; #TVLAMY K22, 1991),

K2 &) FLAR A (R RS | LA R 2R AR 1 0.034 % ~0.605% , [EIERH IR %, WA 10°~107
ANfem® o F HLZE A Hh A6 sk et 2 S U 7 R L R SRS S AN R T A AR AR A (B
HEE, 1936).

2. KELHBMEKE K

F MBS R e, ERKN—BN N, Ya@a0r2%H —HENIEER
Je AR DT e 1 BRI 8 IR [ £ 1A 229 2R A Y (Beaulaton, 1979). F|T 1964 4F,
Nittono % (Nittono et al., 1964) HZ A5 (1) J7AE W] 7 ZK Axid 2% 7 s i ThRE, Ak SAT (1) ik
A2 I A R IG TR, [ Iy e A (30 B T A AR IR (R A 2293 2O R X i AR
7. KA MBI MERE H 5K EY K FBAMRAOCR, SHYIHmskE a2, 1
B A I 25 I —A ey e UL i FIAR & T (Sato and Akai, 1977).
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LA B IR E I A MR AR, — A o HAT 5t L3R S 40 A A 3 b B ORI
1) (Beaulaton, 1979; Nittono et al., 1964), .15t (1 M3k Mk AN BA T4 fa th g, v L2l
A HARRR AT M IR MY (Yamashita and Iwabuchi, 2001). tH N4t BG £ 681k, nJ LA
I3 AR S5 R AR ) oAl = Fh i BK - (Beaulaton, 1979).

3. REMEMRE
X A 3 L T 3T ORE S R Tl R R T N, K I A S e Py

(Beaulaton, 1979; Nittono et al., 1964), I PPt B I8 4k SRR i i 8y 7 -3 5 R 2 A
WA PRI 2% B SR AR T 25~30 N4 2k ) 41 i 4

s WA 48 /NN 40 R0 4 45~50 Ao TFESS 1 RILEEHT S & '-‘“{ i
ZAT 1N 0 TR O 5% A (0 LI 7 1~4 8010, R 404k i 4 i Y I kg

B A i Mas B s (R 2] R A I, 3t il 48 5 A= A AN [\
e, G AR MBKAIM (Sato and Akai, 1977).
AR —FF, KA ds B A KW 2 2R N BER TS,
DRI I 25 B 5K 2 R 8 IS AN [R)T A AR B AR R IR AL . AR R 2 %)) LU
FER AT S .28 F T AR 3G K, wd B S TR) 25 A7 1R 22 1 sk A HhoRe T
KA BEA IE L3S B R iR . KAk 22 FFUR iy, 56 2 1 i Bk B
SERERENME D Rt ez e R Ja, A I B KA I e 4 T AN LS T
o MBRAHRECBLIGT, W WA (Sato and Akal, g1 7 we@EEpEE.
1977; Akai and Sato, 1971). W WA &4l didw Ja— KWL FMLIIHT  Fig. 1. 7 A slice picture of
SR I ERECR b e I, PR R A3 i Dh RE A 90— A& silkworm wing disc. LC, larval

AL A I AT . cuticle; E, epidermis; WS, wing
sack; WB, wing bud; HP,

hemopoietic tissue.

4. MRIRFEMFEEMNEMERTE

X I B TRUAE 9 e A S I L 2R 1) T B AT 10 DALt 24 g S 0 B S s P 0 11
avE ATRERAT G ML RE, (FoR S B I W UIRERZ o J5 KA 285 8 T bR Bl A K
23 45 LA 9 L3 1M D) g (Nittono et al., 1964), JF Hix—F-Be s IR FH Rk —.
Nittono 5% (1964) HIGEZLIEH 0 TLE 2R 2 Rah RIS 4% 7 - s R A48, IRl g Ak B
Ja Z AR A IR BR A AR BEAT RIS o AATT A% 1) 325 1L 25 P AR i 5 e A P PRI B 8
JUPANFERE N, I FLIgE P IR AN A0 A L8 P IR S B0 h A L 2 R NIRRT K A if
e B A3 I D B FFAE DN i 2 B 2 D 1 TSR 2 o o 1 2R 40 - Nittomo 45 (R13K RS
FAE M A E I B2 2, RIS ZARAET, AR I 2 5 1 [R] It 2 47 14
BRI HC A 2 AL, AT AL R A R AE T2 38R s o g AN AT NI A [ 57 3% SR A A ¢ 2 [ If.
A, RPN i o I GG LA T AN AL GG T AR 5 T s I UK

BT REAT R RE EL AR, I LG REATRH R SRSV i vl DA ) o N HY o 1
BoR, Tu 5 (20020 BFYE T FK A PIEIMASH o AU A 1 1E M85 5 g & 7 IS, Dtk i

=)
e
=S}

e

9
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BRI D TR A U . RIS SR (2002) T AL i D) R S B 3 R 1) R A T
BT RN 0 SR AT 25 B (TSR IR M WA DI RE IR 520 o WAk T B 1 IR i K A ) L )36 I 48 77
B2 i i, JF ELRUR R oA Bkl (RIS, 7520 U 2 W 2 BI04 7 1) 0 T
JIRUMBRAERRE ) o BARTE B TSR v DA, (R AN R K AR IR N E AR, BT
ML AR A R B A 0. Ik, FER—dlseierh, e AR 2 AR S R SR AR R
NI ASE 325 000 285 BF JGVE A BRATRREOR , B DT DAy SRS AR YR T A DA 7 60 O 6 85 7 2 T el 2K 2 1)
EHARR RS, 2002; Tuetal., 1999). FIRWFS TBAE— SR EEAEAEBEA Al #5H0E,
[T/ REISREE P

W& LEDRI AR, ARSMEFREOR N B T 3 ML 5 iR T b o S ERAT T, XA ST
I 2 AE Papilio xuthus (—Fflfige) k471 (Mitsuhashi, 1972). Ja RK{EH 5| H 2] T K A
A E TR SA I MR A RE I 25 5 (1 3& D) RE P 75 1K, DRA 70 FH G 2 M R s R s
FRIN, 3 I3 F P R4 B0 AT 1Y 0 L A A ek, I FOERAN B sk R R . an AT 5 7
HOIIN € BRI FR 3%, WLERT IR TT A6 5 1) 48 h P £ W 8% 511345 1 4 5 1A 400 B 2880 1100 48 T K R o
BRI P IAIREFo TR M0 2 A A9 A7 A 368 1 % 7 PR IR A e R ek A 1 o S S AN [
I SO L2 PRI 97 R I L8 W) A %)) e 10 25 B PR I s e K, B I IS, X R e )
BEHTIRTS o TIAh, G AT MR e BR AR ORI R A P BRAE WIE B 5 A RSk T RSN, 2 )5
AL TR R KA A B TR 42 (Nakahara et al., 2003). PRIl DL A 3X A2 ik X7 7E
AT IR EEAE . fE XG2S AN TR i g2 2 7 % Mk 40l (Han et
al., 1995), AR TSI 40 (1) 95 % LA b8 I (1 M BRFISR 40, 53 S A AR/ i ok 48 1, i
JNERH M AN Al B U JLAEE A 3. Yamashita and Iwabuchi (2001) WX g (103K AT T Fp0
B, AR IR 60 %6 R85 7 IR 1 LBk 34 e T A2 28 () 40 B, i 3 g% 1 DU T A 22 43 3R
B A MER. 5 Beaulaton (1979) ML AANIRL,  ABATTIA A 5 4H i FIRSORE 40 i 35 S 28 53 A0 40
T3 /N BR A M I W] 658 HAT 73 A SORURE AN L FRIVES TR RE T o 5 AMTEIX I ST 58 v AT W58 38 400 28 £ A
P, DRI X A L BR A0 M T e EA A (R A 5 28 i Bk 0 B iR e SR, A R BB HE
XS AT BV, DR H0L% (5 40 M 7 5 i L b 1) B AR R AR 1), DRI AE AT B
[y SE 50 LA B B TR o

Han (1998) i 20 232 (1) J5 ik 90 T R A (R ML 2% 15, Ak S8 4t il 2% 1 19 3805 41 i
(islets) "AAAE 3~4 FORBLM 4000, 1iT7EHGihs 40 ME b oW S22 1 B /N BR 40 i LA A ) At DY
R BRANM, BRI 3% DU 2K il BRAN M #8 v] L ph s e B LR AR e v L, 6505 A8 J LR ik
0 A T DA ER I I T AR IR IR, FEAN A AR T B A AR BRI A R SR IR
RS A T DL ph 3 il 88 B A ORI Ly LT e A A . R, A O IIIFTU S
HRAAE G IR Z 0 B, AMEREE R TAERIERN, SHAEOEMSE—, AR K i i L) fé
A VS e FL
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1.2 AR BBIFIENX

%Ff.
{4
Ju
pulll

1.2.1 i B/

1 N R & R4 SUB IR A T R, AR IEAR R B 0F T A e, s
L PR 4 R AR AR B (0 3 S B (I A A A A A

2. LA T 4 OB AR R B DLEE— BSOS 5 — 3 i g T A AR Bon) X e Il

THRERIREN s 3 5 A TUl Al HUB ISR R RO LR 5 e o9 P il 5842 AAscaleless [T A0 T 5
(LRI RP

3. WAL R A scaleless AT A 0T, A HIRABISFHRIIA

4. WIFULHE 5 AR hscaleless I ANMI A T- IS, TR IL P E S AR R A (Al o B e 1

5. JuREFZRASHILIN IF o M JLAL N S My AR R, DA 5 A Joie il 58 7% fAkscaleless ™ A= 1) 73
THLEEWF R LI 1 A ) 2 B RN L o

6. eI A R A frscaleless/™ A (K17 THLEE, = SR SR BT T 2 [F 2B 58T
] SR g 1 o

122 FRENX

1o R e A BRI R R 22—, AR AR DR A IR 90 R F S0 R S
3 B ER RS S R AE B O R A (IS A B B O, i AMARBOR i BAT A A
725 SO IR AT BEAT AN ZA R4S . FUR T U AR R A SR A E RO, 4 5 1
RS Bt LRI i B0 DY A i e 4 43 5 s R A BB L3 A A (KD, DRI eI B R
NBATE RGN A IEFEAN T2 H .

2. RIRIAS-CHN TR HIME RGN AT, RN RA &GV doe. DUAAL . SRR
G MIRE. HETAS-CIIRIEAREN (ASH) FEARZZhW R A3 T ek, 2 — R R
T [R] I ASHEE R S SRS E A 1 R e PR B B I B (AR A AR, DRy B b A v B
ATASHIE NI 2 (OISR . X X Ar ASHIE (A ) S AT 9 m] A 1 IX— SN KRR R, D 3L
BEAANDIREDTIUY FE PR SR . AS-CHREDA 5 SRABNIE AT A%, B-ASHIE DA L s e il i 9% 4 1¢)
KBRS ZRASHEE R 5 2 ol il 58 A Pk scalelessy™ 4 (K170 1 HLER I BAT — € 1
S

3. SRR B S W H ERIS A OR I () E BB, AR KA TR A R
T H B U AR 3 R 2R — o B SR BE SR B8 1y 1) 2 bR, R T A & FR I
WRE, HRIERIEEAREIZE, HiT OERIBG B H F R H . [, SEh 5O
NRBIRALN AR 2 Bhsh P i) AR 78 s W A M R R RN SR LU 45 4 S5 T g, DA Rl i B L
BOCHEAE R AT E AN 22 5 o AT 7 R AV scaleless i U il I HATIR > (1
TSI 658 1y A AR RO BIARARE s 0 R ANBIF A AT ) B St il B He gl = A O
PR, D TAETWEIT, FRATIEST 115 N B JFORE A1 ) 2 BEJE DA £ 0 o o A (K AR A
A, JFRUS TEARMEIR . R A D REFE IR O 1 0 B ATk
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A AR 2 e 1 - 20 18 S 5 glE

4. FAMMERG AL e (AR 2SS DAy e AR, AEAN R AT Yy 2=
AR A TR BT SO N 7 3 T R AR R G (R M ER K H A 2 A AEARR I AR A . RIS 2 13
BB HK A AR A 5 A H VIR . BHEK ARG mIhge, ik P Hnx
DA ar G RATRIF TR o [RIN, FERITSE SR A S B MHIRAEIAN LAy T B AT € IR 5
A, BIRIFE,

1.3 fIRANAE
131 REDEELENENARRBEERG. BERANET

L. AR 2K e e 4l O e R sl U N I e D) RN R B ARAE, 0P
g G AR

2. Ul ERAN R R N e R, PR FO SR R R ) de N TRLAN i I T A B AR R
EXR At RN TR

3. FURSEENLADUASIE M8 E — B R SRR BRI BRSO, L 1 A i A Py 0 i BRS04
A, X oK A I R (Y3 I L REREA TR 9 o

4. TURE YRR R A SRR B 5 Sk A MRS, WU AR IR R A AN A

1.3.2 RE I B3R ITIK scaleless I SZE S

1. A Rl s e i o, W SEscaleless by B A R o A [A) R R AR 22

2. scaleless’y FF 4= R o i [A) BEAT WM IR B e T RS M SIZHG: ,  WLSREARL IS A2 H 1R /DN S Tl 1y 155 100 »
iff 7 2 1 S AR R AT ) IR T T R G it 2 AR o

3. HRERIG, Mg S F i E R B R L

4. RS A scaleless AT, U Ak IR fE 5 R A 2

5. fEFIIF M SEscaleless ST AR /B AE RAKEALE -

1.3.3 RETH BB TR scaleless HHEAEM MBI TR

1. WYRERS/IRAL L 5E (AO/EB) FllHoechst Yy th W5 B A= 7Y R 5 AR A4 S5 2 by 320 3280 11 40 B 0 7175 400
2. $REUE#E LSS, KillCaspase-3/73%E, UL T- IS .

3. Kol 25 X DNA ladderfi % H B, BE— Dt gl i T % .

1.3.4R&EAS-CBRARREWE. LEESHH

1. RINK RIS LA A ZARNA,  IFHEAT Sk
2. FERETRF PP AS-CEER IRV T B IRkt 514 .
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ill

FRACEJ7 4 i B K e (AS-CIRIVEARSE R (Bm-ASH),  JEx LIE R E5 A 34T 50 #T
Fb e o o 38 (1) 2% AR ASHE [R5 e B i ASHZRE PRI 1] f) [T 95 1k R B B SR TESC R
FIHRT-PCR T K A ASHIE R AEAN [RI 4L R (R 0K 43 AT

I 52 I 96 ) 32 BERT-PCRAMIT Z AWASHIE [RIE I fify & B 172 (R 2R I8 I AH

AN LN kW

1.3.5 RE&E T8 BB T{R scaleless 2 B BY 7 FHILIE

1.} ERT-PCRAHT 5K At ASHEE DA 7 scaleless M T A= 1 5% 2 i Ji 5 K i 2 v (1) 30K 2

2. JRRTAEACHE I K AT ASHIE K fE scaleless R A U 5% A i [ 3k K il P iy ik 22 7, R
HBM-ASH2IEL [A £ 5 AR AR I AN REIE &0k

3. wekEIRrHrscalelessFlIiES A 1 5K AxBm-ASH2 AL K A 5)) 145k, AT ARAK I A 8)) 11— Bk
4. FIFH K40 HulbE i 20k RGN K AEBm-ASH2EE R e 20 13 PR HEAT 43 AT, [R) S Ll At 58 A4
AU 5 e (W) Bm-ASH2AE IR A ) 1 AR K A i e b A e X

5. REIREH L 2> Hrscalelessih K K P41 2 A Re LSS A H

6.  MIHIZ A TG0 7 i SR AR R R A5 DR AR 1 el R v 18 v ) it R 0 80 P A R R R

AR AT 5 FRAR LI B E B

7. AFIOURBEHR S AN luc+ 7 [ 247 IELH 51 1 FHhr33 5 1 () pBacPAKS TR, 8 1 b HE I 2

0, Aoz I luc+BE 75 A8 M i Hh R Rk

8. REBm-ASH2EEDR 7o i 21417 IEL)A 55~ Mhr349 5t 5 [ pBacPAK 8 TR 2344 i I AE M AT HIVE T A
SR, A BmM-ASH2:AE DR iad e 300 A (AT A 1 5 2 S 1 8y 5 )5
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A AR 2 e 1 - 20 18 S B

{4

AL R T IR T

H-E REPEEEENENTR

KT RN, Hp i — S8 B th R R k. @sdb R Kl e —, {7
T 2.5 3 M rm, a5 % 1 X (meso- and meta-thoracic discs, or fore- and hind-wing discs ),
Sk E AR AT 5 (fore- and hind-wings) (£ K5, 1970; Hojyo and Fujiwara, 1997,
Kango-singh et al., 2001). {fEFKAM—E, JCILAEY) B0 LS I 2 Bl R AR At v, 3 i
RAFIRKIZN . KA DB R IEIME RN, R TG AT, B A KA RPN &, e
%1 3 i R 1 P O 55 8 B A R A 1A L 2% T (Kawasaki and Iwashita, 1987a; & THEZE, 2002; Tu
et al, 2002). {EALIRARASH, ARG LA T A IR, 38 28 B it 2% GV AR ML R 2%,
1991), Al i 328 S HE 10T plcotfi 80, oy 3 2 12T TR K R B A ol U ) 8 2 (Kango-singh et al.,
200100 HETA K E D507 a3 RS A T AR N o R E Rt B, DAL UL o
FONGIMN TAEIRZ , FF HIAS TIRR BRI A REAGER R N g R, T HR
R H B, AR E ANk E LS R & AR K0 (Kango-singh et al.,
2001; Albert, 1994, [R]INf, 3 H B it J ke Ar B Aol R & it oe A 3L B S puskek, s
IR T R AT 3 ) B 22 e SO B nT AT AR AN 2R 9745 (Hojyo and Fujiwara, 1997)
BT F AR IE AT TUAT 5, AT R B AT THIP A, JET T KA %) s JsUk i 4
PRANEAI A ST . A i SO fE ST AT F Bt

2.1 MR 575
2.1.1 K&

Z AT TY- 1 i AR e AT OR A, WOASR A (R, 1991, Y
B R IR AL B S i e 45

2.1.2 BIREBER SN E

ZWOCIR RN, 19700, SRR BRI S NS TAE E, As] b, HIJTRAE 20 3 B
JEEE BRI, AR5 PSR BT 1 Js R I AR B R K R o S A AR 1 e S IR AR AR B T
PR SRR AR/ T A I o SRS i T R A 3 A B R K KB R B, ARJA T ROR
i T ARG e A Jis S i 5 2R B PR B S i N S EB S D6 A S S e e B ) e fEL A
THERRZE . LI PURSRHIRAT (K h-2d, TEZICA 0d, JLABSEHE THh, & H @i ilER
EARKANRTIFART, BRRAEEE 15 SKdk, MEIS S aT R @IS 6~14 Ko SCRtAT 240
S 1k
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A AR 2 e 1 - 20 18 S o FAEHIRE R T

Zr BR 3 dJE i AR B ANMAREA T 288, PRAAIRE ) 26°C, WRILIRGE A 0 d pupa,
HAbSHE) THinE R k.

2.1.3 BAREERY R

e s 3 H&EyLk 6 /it (b JEok BRRRE, —MsA b, HJ) R feid R EE R R,
BT R O E i RS AU s IR B . S R R AL hR i A . SRR I T T 6
FRALEE, 25 AR A EEE R GFWD). A a#)sdE ((HWD). Al it (FWD). Ja ikt
(HWD). A#JF%E (rWD) KA E#JEIE (WD), AHBAEIAE 4 h Wog/, (RIS S iR Rt I .

2.1.4 BEEBBETIE

565 1 HAYUK 6 h J ok ERREE, R fUAZCAIT@ RS GFWD) AR A (IEH. &R
S R IR AR ST 7

2.2 #£R

221 AR HBERTEIEPHRENKNTL

M 2.1 2.2 W], KA 4 IRHT— ERMLIHAT (29 11 d S50l A Je R 2 R0
Klad IRFPEABAZRML, NlEd (0 d FIEEHR (6 ) BFEFPZEK, T RIWR
WFEARA MK, LREAHEOR (M8 d 59 dmD) B, XA MEI AL, M
22 S IR FNFEA AL TSRS, k225 ie ) )G, Aelinr (11d, I 2.5) sk cs
IR 2F [FIRE RN o i S R A A A — B, (B B0 S A e o e DL g 2RmT
DAWISAE 5 Wegh Hull st S8 B ROIRES, Aol m il AR, X5 XA TR P it S st ik
JEAT R o BRI BT R K RN A SN, A RO R B A AT N T R, AN RE LE &
S8, Ul W IE SRRl R RS A T 1 o

FATWIT T 2 Fx e 4l JUB O AR S AR AR AR SR I 2.3 AT 2.4 aTLIIE
At SRR AR AAE K A ) A R A R DL W] (G K Fh e MRS R ) S ] S (1
“u” PR, L5 R4 HUM S A TR IR E IR E AU AR, RS R AR TR
BORAS, BB TR, @R AR TR P e .
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A A AR 2 e 1 2718 3

Tl s e A | AR B 9T

b

P - 37
o

Q.25
A
= i il M G Forewing dise
=3
s 0zl —— AL Hindwing disc
= 0.15 B //
_m—
_..,-:’___.___.,,l/.
o
=2 =1 o 1 2 3 4 2 [ T 8 9 10
FArSar R Ed
The day of 5th instar silkworm

2.1 RERRGEBAREXNEK.
Fig. 2. 1 The absolute size of the 5™ instar larval

silkworm wing discs.

—— i I Forewing disc

—— Jo e Hindwing disc

A S P AR 21 e

S AR A M

The day of 5th instar silkworm

2.3 REVWRESBMICHEIKEMEK.
Fig. 2. 3 The relative size of silkworm wing discs to its

body length.

gs of the moth
2.2 AR ERE (B K/EITk.

Fig. 2. 2 The size of the wing discs or wings before

and after metamorphism.

AIE Hindwing dise
: |

ok —

1] 1 2 3 1 5 6 7 8 9 10
Ak i R M
The day of 5th instar zilkworm

B2 4 REBRESEREMNBENRERKETL.
Fig. 2. 4 The relative size of the silkworm wing

discs to heavy.

222 RERRBBFEERIBHBFESHTN

5 W %) MU IR RE BURTE MV E K EARX 221, HIEAZRMIR K. 2~3 d LK 8~11 d XA
BB AR B, 11 d IR R TR IR AR AT I . 18] 2.5 45 T8 B RE AR AL B T
JUANHEAFITERS o 72 h BT i A2 Tl S AT PR Y IR 3% I — AN e IR0, 17T A %0y H Rl o 1A il i
FKATAR WL 2 I 2 B R W I AR A (Calvez, 1981; Kawasaki et al., 1995; Sakurai et al.,
1998) . [AIIN ZX Ao Ja — URWEEZJR 1 1 d ISR SE Ak 1 IR 015E . (Pupal commitment), K25 1%
PR UL, 0~3 d PXTIE R 3 2R (M U PR IR i b 5 (Kawasaki et al., 1995; Obara et al.,
20020 PRI FATTAE W6 B W R L R A5 R T 3 SR SR TS (AR 4K,

16



A A AR 2 e 1 2718 3 o 5 AR BT

Fig. 2. 5 The wing disc of silkworm 5" instar lava. a. The fore-wing disc of 2 d 5th instar larval; b. The fore-wing disc

of 9 d 5th instar larval; c. The fore-wing disc of 11 d Sth instar larval.

U R 2 B R AER B2 s AEAEAN I, S I RK/INBEA KW 1224, I FLZE IR TR
FESGIAIYI A [ R, DA I 302 2F 56 35 (R IR, AR AL . 85 17 (K 1 eS0T
HBLAE (B 2.60 FEMFHIEREF, JAT AU T30 AR BAT R R e, At E) H R P 2 B A A
TR B, BAE 4% AR/R SR, WA SR AN, A AIIYISE 3 H (3 d pupa) JF
SRR T IX etk o AR SR AT S 2 I e an N AR s ELIZ R, T RE IS i 8 ) 4 T 1T b
TS PTEC FERATXASLIA R, 2R 3 HOTia WATAEBE R, 5 d IS 85
ZJa BN T s A G 2 OGS S R OT AR DS RR, 8 d IR EAMIR, 2 JREH
B S, Aelk)a SOUESRR, B2 8 LS BAR . 9 d N HHBIAESL, KL 2
dJi (11 d pupa) feifk. vl WBKIBEFEZ 0 KB AT ESLMWIFEER . hel B R,
U SR 2 1 S B LR R E RN AR 2RI R IA AR N TG R VR, IO R AR 2 e
S FRAWT ISR T A 5

- 3 T ZR e 1
\ 4 "N s oy e >’
| - 2 F -.. = . r
Sdpupa N .o |
[ 2 [

B2 6 REWHBFHIFS. a. 3 dWIHZF GUGr] WIS D b5 d Wi GLGRILEIRSE D c. 9 d il
ZE CHTAESEE AT LD o
Fig. 2. 6 The wing bud of silkworm pupa. a. 3 d pupa wing bud (firstbirth scales could be seen); b. 5 d pupa wing bud

(hairy scales can be seen); c. 9 d pupa wing bud (stripes can be seen).

2.2.3 REBRERERHERK
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AT K A T A AN FIB I AT T BRSE, GUR R, SRRAN R (1 Js e X
Pyl Bl I IEH AR, (HRAORYL, BRI, AR, AR B AR Je R i bR, K A
FIFERT DLER AR KA ACHC . 7700 18] 2.7 el Jg ki B Ax RO A ple e o i gl 4 R R i
ARERFRAR X0 A (CKO, AT BERN A KL 22 B, (HARAEXT A (1 8096 LA Lo 523 555060 JEA
ZAE] 6%, rWD FHith 26.3%, HILARERNERAL, RS THEHAZ 50 (R 2.10. AL
EERATUE, SCHEIERER UG, A0 FRIOK LT IIR EBAT KR M2

E 2.7 Ak HEALTAREERMRAIRE (WD) BISEFRHE. a. WD &R (Z2); b, WD & HH; c. WD
AR5 TFWD A R AE 2 B

Fig. 2. 7 Pupa and moth of WD 5th instar larval silkworm. a. The pupa of WD; b. The moth of WD; c. The moths of
WD () and rFWD ( &) are mating.

2.1 BREBBRERIEIAESR.

Table 2. 1 Character of wing disc(s) excluded silkworms.

S YISEEe At 4y a 2T R S o & G QUUDIINE (= QR V= S {=£-/

Tretments C) CkI) (%) Weight of each  Index (%) Index
Number of ~ Number of Cocoons cocoon Cocoon
silkworms cocoons rate shell rate

CK 12 10 (6 8) 83.3 2.01 100.0 22.9 100.0

rFWD 10 8 (34) 80.0 1.99 99.1 242 105.5

rHWD 10 8 (44) 80.0 1.77 88.0 242 105.8

FWD 10 8 (44) 80.0 1.81 90.2 24.0 106.1

HWD 10 6 (348) 60.0 1.95 97.0 23.8 104.0

rWD 15 9 (78) 60.0 1.69 84.1 28.9 126.3

WD 15 6 (448) 40.0 1.73 86.2 21.7 94.8

Ve il R B, BATH SRR R AR P AT (), SRR, AT RE X SRR B B . (LR R B R B
A, T A £ AU TR

224 REVERERBE

LERE MR I — F RIS, AR IERERKIFER, i e e
ANREAE T /N, SBBARE WA L. Aesk s al AR B A TR, ATRERE A N\ A

18



A A AR 2 e 1 2718 3 o 5 AR BT

BN RGN, HUEW] T KA A A LI AT AT . BB A (10 At A 2 L& 2.8

E 2.8 WEEFJMBERZHEEMIBFIL REAE LA, o AR AW L, b SR BmEz
M P ke RS A P

Fig. 2. 8 The small wing developed from the abdomen of the exotic transplantation receptor. a. The small wing
developed from the abdomen of the receptor’s pupa; b. The small wing developed from the abdomen of the receptor’s

moth.

2.3 i+ig

FERALSEREPIES ERAEE RN, GRS K SMERESRIRAE IR
o HSEREMMIFA MRS PIRR LN, mfeg) Hs OB sr 8K, K2R
AR SR I E AR R AR g5 R, RS R AR PTE (Truman and Riddiford, 2002). 4#
BT RN, RS R IE IR R ARG S, AT . XA DT R B
SR B BNk TR, S3—J7 Al LB O TS G R T, NI BEAE B I TA] A 78 AR
KEARA F 2 I A E AT AT 46 7 i 2 (Pupal commitment) , 7EX—idFEr, Il
MRV 2 T AT AR A T s R RN, AR OR G R (R U O FEAIG, 1K IE
AT XA LU B 3 e B ) E R R 2, MBEAE B AR A ORI R K, W0 R R ) B AT
ESORE T X — g et T ER M E S (Kawasaki et al., 1995; Obara et al., 2002;
Fujiwara and Hojyo, 1997). ASLI I RIS HATE . MR ARG, JUH 22 58 Be ik A Fii
Wi, TR e RGBS IR BEH A CERAR AR AL, X 1L S A A P e 7 AR B W= AR
SEIREE

W], 5 i MR & R A AR DA B T da 1, [N EAT] AR K A A
SRR A I A B ] (BRI AE, 2002; Tu et al., 2002) . ) WLEHAT L S )1
BRAUMKR e FF R I IEH AR . KAy NI BR AT 5 2R, A R ek SR, ROk
UMD /NERAN LA UL (AL, Lrb R PN B AT 22 70 3468 ) (AT AR MK, 1991; Beaulation,
1979)¢ BT NNy, 4 /Nt J5 Bt i 2 B 9 53k i R B AR M I FHAR 2, 22 Rk kIt 22 s
(A I B 40 B8 AL 8 15> 2488 ) I T %M (Kango-singh et al., 2001; Beaulation, 1979). A 17ESK
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A AR 2 e 1 - 20 18 S o FAEHIRE R T

Bt R AR AN FER R LT TR, SRR, EVEER T gl HUr R R A R s, KA E
WREBERP A, I BIRREASECRI= 00, a0 BATIA, SK7E 10 IE 45 7 A2 5 JFUR R b
(07, FEAR R 12t 400 L8 (R S — e, IS RE 43 1, (Rt 20 HORH oy 4
DRI, ARSEEG 45 R 2 /b n] DA =Rl BRI ie . H— 2 S M Bk GH M 7E 0 28 B 32 5 A 429y
Hae e, ARG IER; LRI A A RSRI P A RE ), BRI/ o RIS
R A 5 BB A KRR S BT A i ks L= nT e id A TS 13 I 2% B A7 AE - 7E3CHR (Tu et al.,
2002) T U KA IE 085 B 10 SE 50 Pl g R B — mTREME . BT E S TR RS A
SR BRI PAET. (ARHESE, 2002), FATHEN W] R R0 5 7 IR A 3 T KA oAb
2 WETER . B2, ZR 7 I3 LA B AR AR A 3R 4 F ) e BAT S S 2 L), 2F
— BRI AR IEAEREAT o S AT — B A T IR T 380 i B4 o 5K 2 I BR AR (¥ 5 0

SRR PR i R BAT AR RE ), PRI L — B 0 B N AR A s A AMA P TS AR 2 B e B
(1138 (Albert et al., 1994; Miller, 1998, i 5 A &) ML A1 S & 8 TR AR RE DK, X4 N 7&K
AW JE IR R TAEMIEE . Hojyo Al Fujiwara (1997) CUZUEW] T 5% 4 8 ) 3 [|] 3 A7 A% R 1K) T4 T
PE, ASZES WIHE— 2P UE B T 5 2 U S A B L 2 T AT 11
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A AR 2 e 1 - 20 18 S S T LA - R O A ot S i I D RE I 5 )

F=E BEMRE-BREEESKBERNREEMIGER RN

5% 2 P ML 200 i F s 28 07 ™ A, 38 M 28 P S sl B A Al B A b, R B SRR Ay A 8 Y -
RS A4 (Akai and Sato, 1971; Nittono et al., 1964). 5 ¥, &S E R IIAE —E4HLUHE,
BT ka2 2T, RN, A AR S B, AR T 2K (Sato and Akai, 1977).
XA ) 1 BRA T K SR 40 R JORE 40 PR /N Bk RR Rl 2% €A 40 i 5 P27 (Nittono, 1960),
— B UA A i BRSO B L AR, T At = e 1t RS A2 3K A i 4 e A
225y RN AL TE R (Beaulaton, 1979; Nittono et al., 1964). {HIE A NN IR A Bk 2 A T-40
JFRIRFAE, S0 AN /INR A 2 28 A AR, R0k 40 Y0 T e /N BRAE M R A4, 0028 (0. 40 i eh 3
b 2T 1fi 40 o 4> 46 T oK (Yamashita and Iwabuchi, 2001)

Han % (1995) Ll % Nakahara 55 (2003) 1573 i FH & I8 BRSNS TR A0 5T T R B
(A BRI o AT A IR AR 135 57 o 5K A A R 0 N m] LGRS 3 8 3R ) R/ FH - Han IS
WG 2 53R P DR 4R TS A e 1 3 I 45 1 v M BROBE JEUK D B8 s Nakahara DA A6 B2 B3 A7 T
fig, (RURARRILLR a1 0] 40 W PR RE T35 A BH S B AR E A FH

R AR P 3 L8 B A A ST ) S 386 O, Bt R i gk £ DRI R TSI 33K 171 A i ( Akai and Sato,
1971 AR H I 41 B 255 5 bt o K e (1) & IR IAS [ i A BRI 484k (Matsumoto and Sakurai,
1957) . R AR N i 3510 (Hoffmann, 1970; Sorrentino et al., 2002). Fi A%
BELL IRt YR A5 N T 2 7 SRS AU I 5 Py ORI 5T 4 IR L T E (Nittono et al., 1964; Tu et
al., 2002). Tu 55 &I T & 1 U 5 At 5 04l & 48 - RS A0k, T BASUE 5 8 5
A4 A I R EE 1 A RO K gk

FAVIE b S LI S A ML A8 B - SO A AR BB oK, A T A i g -3 i A B
Je FATAR N I BRAZ AL DL o

1Rl AE
3.1.1 K&

FERMMIY-T, 1-4 &R IAFE L (B, 1991) HE, W S ERIEITHE. 5
WA TR FE AT N 25°C L 70%-80 %6 AHNIEFE o

By

3.1.2 EMEE-WREESIEHERKE

TLle 7 ] 70 %6 WK AR e Ja AE S VIOK FRRRIVE, S8 R 0ot Ja B T AL B, AR5 T
FIFEB B LRI/ I, OSBRI I 1 -3 R 52 PR i T 10 o AR 1 5 PR
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A A AR 2 e 1 2718 3 S T LA - R O A ot S i I D RE I 5 )

76 4CUKFTIRE 2h, SREBGHIFE S T, SREINGRFBIFIEF MR S b A 1ET TA
FISCRE AR, AR (4 HWCO). fRA G A HmaI=4 (3HWC). kA4
PN AR (2QHWC) FUERBRAR A4 (1 HWC) . [HF#X I CKOo fl CK, H:rh CKO ANk
ATAEATAL B s CK 715K 2 4y 717 2 2 J e () 3 07 ) — 45 A i, LA B (R4 B S 60
TR SEIHRAETE 8 h N IEIE, SRS A Ak B ) 2 [R] I 4 £ 0F: 7] 4 A T

3.1.3 EMRE-BREESHEIAREREL RAYIMNRHFELE

T I35 By -8 RO A S AR e A BRI R AR — B G AN 3R (MHD FIR 4R
B (JHA) bR, MH 48 75 92 MH 508 R K FBE R 0.1 pg/mm’ W6 i HEATVE ST
RS Ay 1 pgs JHA B i ORA7, A8 FH AT F G o K R 1 100 mg/Kg Ji X K AT /EAT 1A .

3.1.4 MAAIZEL

RSl R A4 — % I FUR, B 3-4 WG I, PG FH 2F 3k /KRR R 1 24 % 501 if Bk 3k
WdS. X oggidndr, BB P BT E TR . KREE (BB 45 EESE
(F) 1 20%-24% (Horie etal., 1971), ASZEGHH 20 %6 A5 5 Z A 4 A P 1 i Bk 2 45

3.2 #£R

321 2 EMRE-BEREESHRFBRERENLAEER

AR, BATRIA 60% KL LR &M LLER AR AT A2 (& 3.1, Hk
8] 5 1 A B W 2200 (RN B2 R A TR B 8096 LA Lo Uil Js S B 1 1~ 1)
HESRE AN, (HRARA S BN .

G

Legt

3.1 EMRFE-BREESHLIMREHRERE HAIE
o A ARG R B, RGRER S RO AR 5 I AR
AW C. B AR ITHEDCIRIECR IR, i Sk IR R (0 B2 T A e
AR E

Fig. 3. 1 Pupae and moths of hemopoietic organ-wing disc
complexes totally extirpated silkworms. Wings of the pupae are
missing (A) and a moth without wings is mating with an intact one
(B). (C) shows the enlargement of the boxed region in (B). Arrow

heads in (C) indicate the region where the wings should be extruded.
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322 EMFE-BREREESREERMEIRX HKE I 40 BIKA M BRI A S

DU B R A R ZE (4 HWC) RPN IRIMERS EAE T 1 d A 2 d B3R R 3 T
(P<0.01) (E3.2,A); 3d XM, Zfa—HA TRAUK, HEREMEESR (P>0.05).
RracFaamt 22 (A7 7 d LU R RERM (P<0.05). $AMFE 4 HWC A& M7E 2 A2
RSN, N 4 d IEBEARIE XATEETH IS, AR 22 3540 5 SR> . CK Ze A A 19 1M
R AL A A S CKO —8L, FURTE 1 d A4 d RIS, EAEZE (P>0.05),

At AR N IR BB E, it CKO 5 CK A & 4 HWC {ErE 22 {1 5 SRR Ko (& 3.2, B).
M2z )55 CKO & CK AR, 4 HWC A T R 535k, 1d 4 HWC LR S A E 2 T CKO
FICK 1 (P<0.05); M 2d#]4d =FHIA—E (P>0.05); 5dEFHEIMNT 4 HWC ek L
/NF CKO Al CK 17 (P<0.05); 1fif 8 d A1 9 d RIXFh 2= R B2 (P<0.01),

107 < 108)
8 7
A —e— CKO B

7 —a— CK0 5] —® CK
—m= CK —h— 4HWC

—— AHWC

o
.

5 4

w
s

4 4

) Ty

I:Iensﬂy(cdlsfcma)
Total hem ocyte number
w

a]
.

o
L

“F 9 F 5. 3 .t .8 T 5 O 6 1 2 3 & 5 & 71 8 9
Day of the final instar Day of the last instar

3.2 MNMEMBE-HEELHMRERBHNRMIKENR. A MEFLZRN; B MEREEHENL. 4HWC £
AU S AR, CK A CKO &7l .

Fig. 3. 2. Hemocyte changes of 4 HWC and controls (CK and CKO). A. Hemocyte density; B. Total hemocytes.

323 MEMEN 4 HWC RERANMEREAI R

TR AR R R SR A B A R A I e, 9 d MR EE TTaAME 22 . AT A T3
WEFESS ) 4 HWC ZKA/E 5 e 3d. 6.d A1 9 d i3k (18] 3.3). 455 IR o8 MLk ES B2 58 2 il
BB E T, MH Rl THA 081 4 HWC K&AE 3 d R TFERAA TR RS (R,
P<0.05; 4%, P<0.01). {H/& MH Hl JHA AbFE[HRA B2 R (P>0.05), 6 d I = HEAKy
P (P>0.05). 9d BRI B ZE S, RIS A0 mT DU ifi 38 P8R ifn BR800 2 s TRk AT
FEAFL (MH , P<0.05; JHA, P<0.01), JfH JHA 38 e T MH 1 (P<0.05).
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A AR 2 e 1 - 20 18 S S = I Y - U RS AR BN X A 1 D RE ) R

¢ oot

5 4
[r——— A e B
SHWC+MH BB HWC+MH

. SHW O JHA

=

B AHWC+ JHA

w

=
SRR

Density{cells/cm®)

R
Total hemocyte number
5]

_
SRR

p - 1/’ 0 77 A
3 5 g 3 6 9
Day of the final instar Day of the final instar

3.3 BELIEERALIEHT 4HWC RERN MBI AL . A, MIRBFZLE; B, MBS . 4 HWC A
R, 4 HWCHMH £ B R A0, 4 HWCHTHA R HI RS 4b 3 .
Fig. 3. 3. Hemopoietic compare between 4 HWCs with and without hormone treatment. A. Hemocyte density; B.

Total hemocytes.

3.2.4 {FRA E A= B R 2 A E AR A M ERET R 200

DRI Ay S0 A N 3 I 1 R A6 A 28, RN 2 o il sk i 22, DRI S 6 ) A e 7 A AR I IEA T A
3.4 AT LUE H, S5 BRANRIE H 38 i g 5 A 44 P 1R IR 2% 58 R L 33k A KPR S i 38 e A — 3
MILER S KA, MR 12 h I, fER— D25 A BRI AR T X J ), fH 2 ml DL 2w
(P>0.05). #iikk 2-3 Mg Lurt b Bk 2 7 B 2KF (P<0.05), (H2Hkk 1-3 NI H%A
B (P>0.05), WAk, ik 4 MR ARG 8 AL D> (CKO, P<0.01; IHWC, 2 HWC, 3 HWC,
P<0.05). TMNIMBERKSHOKRE, M2 12 h 5B L M BERE AR, 2 1 HWC Wtk
CKO K TIRZ (P<0.05),

SR, 22 TFAG)5 36 h, IXEe22 55 A BT ARfl, RIS M8 -2 R R 2, Bk
AN o LR G BB AR 53 A ) 18 T 2 IR e B B ek Ea #A (P<0.05)

ooy 108
12 10
A I CKO B
_— CHO 72
T 3HWC 7 LA i
. = HWC % § é %
g | B 3 ) .
A ; B £ s BN %
s 11 11 g 4 11 |
: 11 11 E 11 .
LN 11 11 5 11 .
11 B ° 1L .
11 11 2 11 %
B B ] B .
11 11 11

12 36 12 36
Time afer the onset of spinning(h) Time afer the onset of spinning(h)

3.4 HRARHEMEMRE-WEEESHEMNREEMINGEMFM. A MBREFL; B, MBKEH. 1HWC K
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RHIERA AR AR, 2 HWC R A MR AN A1, 3 HWC RoRfilig /i 5 a4 =4, 4 HWC R4
fHIE L1
Fig. 3. 4. Effect of extirpation of various numbers of hemopoietic organ-wing disc complexes on hemopoiesis. A.

Hemocyte density; B. Total hemocytes.

3.3 it

B2 H ) i B 4 B A2 i o 4 P AR IR EAE R ) (Nittono et al., 1964; Akai and Sato,
1971). Nittono %5 (1964) HIBELLRIEH{E K Ae gl te 5 W56 2 R IN P40 4t 1l 7 -8 B 58 54
RINGNT G FAARN M BRI AR D, H A L4 fa 1) e g 1B W ik . XM ikes S8zt
MK Z, MNIIERNRZ A KEILT: (Tu et al., 2002). [ H B 7% FK A 4% 7 -3 JR JE0F
AT RS o] DAE I i, N s ik 72 AL « Tuetal. (2002) &8 R BA FH 2 1 IR
T T R ARG MDY REMIRIEGT,  JF HOR BN 5 5K 2 AR 9 1R sk A ) Sl oD o SR, ) 45 50 32 ) o
PR B, T S A AN AN A )3 I 2 PR B R IR B e AR, DRI AT BES PR A K
VRITTAN e FRARR A 38 ML 28 B, B KR A7 A iy T i 8 i B E M B R Fe AR IE H A2 3 (Tu et
al.,, 1999; #R1tEH, 2002).

AT IR FEN Ry X A 1 DY A 3 L 4 -3 i R 52 5 A R U5 X A AR P 25 P8 T (Beaulaton,
1979; Kango-Singh et al., 2001) o {HIATS D VYA 52544440 3 5 K A i 1B 5 A A7 L 24k
i (B 3.0 BHIX—HR, FRATHIT T3 BRI bR o K it L D) RE R ARk o (HR AN SIS
A7 0F G A ML BRI 2R R AT 732

IEH# (CK0) HAT KA (CK) AIMERE AR AGEA 2, [Hiksg4arnl LA CKO fif
TR (B 3.2) 0 FRATTR I I 7 -3 J5UE A R AE 588 0 d 9B S, 1d 12 d ARy I if Bk
SR ERO) 3 v TR R, A T IR A A B B AR 42 LA R A A I BB R T Il
TS RT3 d ISR RREAIG 3 0k A 2 KK, B I R R ML ER )2 5 O B A i 3k 4
JRTREAR S PET, MIMIE R T 4 HWC AT iR N 22 4% ML BR (s b o 5 3 1 U Se e i A 28
AR IE (ARG SE, 2002) . B KA AE KR, PR A R L ER RS B F S HUA AT 58 I, B2 4HWC
) — BEAAEAR T X B o IX BN 20U B T & i 4% 5 I D e

KW IMERAN M R AE 22572468 ), I H 32400 )5 53 2468 )1 #4954 (Beaulaton, 1979; Gardiner and
Strand, 2000, & AL H 1 i3k 40 i o] B 2 A T4 B 454 (Yamashita and Iwabuchi,
20010 FATHILIGA R B 7R, B AHWC Zefh N AR S 0] AR T CKO 1, (HEmE 22 B # &
Rt L THEH, Jraei e i E KR B RARSITE (B3.2). IR K A il b b e &
FAT TG0 UG PR 0 ML BR AR o I 22 T 6 J5 SR AR A R IR AR o AT W] S s k2228 7 40, 158
SR, L0 AU 5 B T, IS I v ) i R % 8 f K (Alkai and Sato, 1971; Sato and Akai,
1977), AL RABIERFGIX— . (HIE, 4HWC AP I LER S A8 b ARG,  7Erk 22517
JEik By, ZJE AT B MR PR R B U5 S A AL 2T BRI AE T LE L ER A Y (Kurata
ctal., 1989) Tijit /.
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MLBERAA AL B HUR) 7 A0, [ S e B3 BE o8 2 M ) AN 7 B ZH 2345 B 1 D) i (Kurata et
al., 1989), W] WML BRAN M HAT L IVER o JATRE K A 6 DY AN B B A i B s B PR 2 e %
IEFAFTE IS H AR08, JF HILE A W KA1 80% LL Lo PR, AR i rhid il
A E R BR R SR AT BE 2 AR AN A5 R A ARSI L T 4T

B gy b B B AT R R T R i B (S M MR AR . fEe RS B A, &a—idsh
JUARNORGDIEER 2 TR —AMREE O, PR A I R IR AR 1 n - ki e ik B2 %)) g
B PR AAT b it 22 DL Je 4y LAl 23 21y B A1 2R A 1) 72 28 (commitment) ( Truman and Riddiford,
2002) . AMJEIHER 1A TS0 5K F R A W B R MR 2l I 4, TR X A K &

(Morohoshi 1976, Sakurai et al. 1989, Akai et al. 1989, Satake et al., 1998, Gu and Chow 2003,) ;11 %}
FAT 5 WAl DA A M BRECE AT W 5 o AT A I Jir I 4 4 B P A R M i (5 (MHD
BRAEER BB JHA) # 5z R N BRI AR . JF B (R52m g5 2R, Hd THA 11
R MH BK—4% (18] 3.3), (HAZFRANTIEAGETE Rt 150 AR B B ARHLEE, F— 2o
TAE 7 AT

KA 48 B S AEE DUAS, AL T PUAS R ZE R A ) (Beaulaton, 1979, Han et al.,
1998). Tuetal. (1999) JHHE UM, KA A H B AR & (103 1 D RES AT #h
PEOEREVE R o ARSZEG R AT AT IE 22 TF 46 5 12 h I BR3 FE Fln ek S EE R bR 1-3 AN R I 8] 22
HEBARAN, IFH THWC 5 CKO B & 12 (& 3.3). al W 22 i 918 0 J R i B A Ak
PR3 IO 25 B o ) AL BRORE TR0 LB AR 00 T 24P, BT — 5 IOAMEEAE T s TIAE 36 h Haint 22 2%
TIARE, A s B, A MERECRE R AR, XA, R H R, kB>

26



A AR 2 e 1 - 20 18 S VU KA TCIE )T Ak scaleless [ E &2 70 B

FNME KELBREBRETIK scaleless IS FESHT

WAL R e RS R R —, KE A . 3R g HUR AR K2, (HR A
ook 2 AR PR AR AL, FLARE KR B S AT A R A IR KOG & (Kawasaki and Iwashita,
1987; Kango-Singh et al., 2001). 5 #IAH IR SEAAA RN IT B U3 Jg ik Ao k& 1) A R, 5K
MG FEAT fl. rw, Vg =R, L DLl 2B 5 R RS AR R T B B SR o fl SRR (1) Ji
FEAE Sy HUbs 5 — ORld B AT 5 B AR B A B S 2e 00, FUR BT A BRI R, 2R
[ S8 D () S AR 52 BEL T 5 1 k2 £ 38 s Bk () 25 45 S B4k (Fujiwara and Hojyo, 1997). Hojyo 1 Fujiwara

(1997) i fl 557 AR Y 5K A Tk 4y U R I B PR AH B RS REUE BT 1 £ AN b iy PR~ 428 1
A2 BT S e rh — B et B 2R 185 5 77 AR 1K) 41KD 38 R R T

W [ e T3 B L, kg R TR A 0 R AT SRR — o O TR By (A ST
LRI EAT A2, WIRGEER 1 b AN ) R E Rt Py R 118 AN (] Pl AN AN B PR DA €, i HLt
KA ASRIERERISE A, IR 5328 E I [ e S0 — A BT 7T, (Galant et al.,
1998) . HHIAELUI B 25 (A = PTRAT 0%, 1T (0 3% IR TR S Bt A 06 1 1R) 1l 284 T 388 38 5 J )

(Koch et al., 2000a; Koch et al., 2000b) . AT 574 W IGEHL BE K B 26 T2 B th — R A0 T 2 A i
XA FTAYE (Brunetti et al., 2001).

SRR B O — AN E A Sy, B SRR ER], IF BIBKIE 78 44 U R & AR
oA IR B (Roch et al., 1998; Garcia-Bellido and de Celis, 1992). & f&— M K R &
gt, WL A EBSRE AL T RO T HE N R G R S A
NI AL (Ebner et al., 2002; Samakovlis et al., 1996),

BAVRAEA — DK ERAM, h 90 FAHIM P EWIILAE KR R4S o L@y b i)
figh Py WY Sl U B AR RO R A ) 2, NIRRT LB WK, Mok i Wil sk&EJ5746 (1991 &2
28 I AR 27 A FEUE B T 1K — S8 AR R A2 FRE DRI B AR, K I DR 5 44 4 niw(none lepies wings,
LMK A scaleless). LA scaleless AR NI FTAARE, A e 5 BF A 8 5 e ol HROHR) 2 2Dl
12 IR FHBARAUE B T 43 X T 5 A P BR P T 428 DS 1 AN S A A0 T, 17 2 A i O i Ak A P
(190 I HLAT A 51 00 52 I SUT3 1T ASBRLBK mpr A0 A PR AU TR SRR S22 B, R I 3 b a5
AR 3 i R SR N AN R TS T 85 1 1R 1E 5 T B

A1 #RlEAE
411 X&E

FPAERY (WT) Kbt IY- 1 % scaleless S22 ffy Ff s — 5259 oy o [ AR VAR 272 g A LA 9
PiiRfr. KA 1-4 Wah iy (FPESRA) (B, 1991 FRTURME BT, ok a
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A AR 2 e 1 - 20 18 S VU KA TCIE )T Ak scaleless [ E &2 70 B

S # BT 25°C . 70~80 % MR L A1 R IR T HEAT 5K 5 o

4.1.2 TR scaleless 5EFERIREW (HFER) BIFSELER

G5 A B AR T R R R B R S AR R K O A s B AR T S AR AR W g2
A, scaleless U 4241 1 .

5 et P 3 Jir R R 1 32 FH B R A H oK S/ PBS (137mmol/L NaCl, 2.7mmol/L
KCl, 10mmol/L Na,HPO, and 2mmol/L KH,PO4) "M, AR5 78 Wi N g oA i 5 B A= AU

e =1
AT

4.1.3 IR scaleless S LR RFZ [EHRENBEE RBERMBE

5 6% 1 d 2 HH] 70 % PR A B G T JC UK HEAT RRIBE, AR RS A R e & — 40 B
TG L, TR AES2 VR A SR 4 RN 5 B 2 1) i Tl i )R M, AR AR I A
3 A R S S T S A S AR A ) T AR N LR N o I3 IR DK EIEAT, R A ORI AE =
NS BHIAF &R 4°C NMREE L h oSl 2 E, ArRITRICs) a et F IR 1 .
PIARAR ELAZHEL 2 AT 50 Sk

414 FEEZGMEERINEA BN

581 d 4B 70 % WA R 2 5 IC R UKOKEE T BRI, SR 7 s S HFARIIER =
A T iR LA 1) A A n) Kl g v i) 1, RS E S SO IR R T . R ) 2 e R R
WML (2.1.4) HHAT, JLAAFE 20 Skar. AN, FATEARTERIE N — 5 BB VI g2
SR IEE A T 52, JLAEFE T 20 SkAx.

415 SRS ELBEELE

1 dUf'E 50% 0,3 90% O, [ E N EFI L. RIS 4.1.2 (K70 HBBE T AL FE )5
KK 1 (Cup) FURIK 2 (Cuy) 2 T8 XA % 7 F 4 B A 7118 (&1 4.1).

E 4.1 REAEEKTER.

Fig. 4. 1 A sketch map of silkworm fore-wing veins.
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A A AR 2 e 1 2718 3 SRR KA AR 1A scaleless (1B 27 50 Ht

4.1.6 5E MBS

UK L RRIEE S PR B BT S TR R BT0T, B b, SRR AR AR R R A 2 [A) U
ARG Iz, IR 2 M2 2 008 AT A

4.2 R

42.1 WT 5 scaleless pX BRI 7S LR AR

4y R I scaleless 5 ¥ A2 Y SR AL AE 4)) UK SR AME B3 W 8 2 5, TSGR AT W A
] o B A2 280 o5 e B BT AR i 1 9% Ay, 0 scaleless Jl L T G DB R, JLFREE
B (B 4.2 B)o ¥ WT A7 7 A SE S BY T A b )3 2 % 1 A= B R KO, P vE el T,
PG E R EE FWEE, LSRN A BB A S A 14010 (socket cell) (& 4.3 A); 1fif
scaleless E1UUE R RGBS A 41 (K 4.3 B)o FATERILWT (1% 5 2L scaleless [k H 2 X
Z. W EHWEET AR .

E 4.2 FERNMRTHRRENEW. A. FEREHRRRK(WT), B. scaleless KA, C. scaleless 1 50% 02
T2 o AR BT S ) TR0
Fig. 4. 2 Silkmoths of Wild type (A), scaleless under atmospheric conditions (B) and scaleless under 50% O, (C).

There are obviously many fewer wing scales in scaleless (B) than in WT (A) and the wings of scaleless seem to be

transparent. There are many more wing scales in scaleless under 50% O, (C) than under normal atmospheric conditions.

B 4.3 FERAMRTERRENEHITMMAE. A. FAMEHRER (WT), B. scaleless 831471, C. scaleless
UH3Y] 50% O A8 73 e A B ) ik o
Fig. 4. 3 Enlarged portion of the wings. (A) Most scales of WT were washed off before observation. Sockets (black
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dots) are arranged compactly, while the wings of scaleless (B) appear in their natural state, without washing. Few sockets
are present. It also can be seen that scales in scaleless are not only fewer but smaller than in WT and that not all of the
sockets support scales. (C) It is obvious that socket cells in moths developed under 50% O, are much more abundant than

that under normal atmospheric conditions. Most of the scales in (C) were washed off before observation. Bar, 100 pm.

422 WT 5 scaleless R&E BRI RE B E FAHE

ik 4. 4 fro, RS B S I 2 S e AR AR TN . WT R BEF% N scaleless
e A INER 2 A0 T i (29 64%, 28 Kby 18 H) (|8 4.4 A), i scaleless 133 J5 4%
AN WT A H /N 38w (23 1) (K 4.4 B)o [RILA] LI, scaleless (#5848 & 4 i
sle e B g UM R R ST o I TESE o ST S R B T

IEAh, FRATEMEE T NGB AR ZE 1), SR ) W 1 B2 RN AR 2 E S5BAR
BRIEAHIE, Hoh AL NFE N IR RS B S R E AT AR, AT 1R B 32 AR T AN
EZNINEIE T

B 4.4 PEERNBEREZAREEIBERNE. A BAERBRGE N scaleless KA 5K /N3, @i L
AMRLEE T B, RAMKHEEIEE A WT K& Kl i/Nd, S#ii s i 477

Fig. 4. 4 Small wings developed from transplanted wing discs. Note that (A) the wing developed from a transplanted
WT wing disc into a scaleless silkmoth is covered with scales, while (B) no scales are present on the wing developed

from a transplanted scaleless wing disc into a WT silkmoth. Arrows show the transplanted wings. Bar, | mm.

4.2.3 WT 5 scaleless Zx Z& Fuik% 4 B33 [ & R BRI ZF RO AR 81 SR

F 56 0 d 4 JUTARRER MR LS S 5, AT IAERTIY WT 5 scaleless AT W] i 2= 5%
Aol e e B e A U R AR, 1d WT iU R A U, 10 scaleless FRIEIFEABAT
2 d NI 22 SN (Il 4.5, WIT PRSI K 9 00 A3 AR 20 300 1 e O FLAC R S Ak ] 11
ST b 1 scaleless (K L ERAATE M, IF AARK AT RN E WA T AR, Bt
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SRk 2 5] RS T S 2 FE AT AN BBV AR AE . I — BN TR B B A, (EE15 ) (LA
7.d IFRD) W DS S () 19 5 A0 8 i (10 5 8 Tt P JE i i s o f) U

& 4.5 RZ{K scaleless FAFFE BRI RFIEALLEL A, 1d WT H1#, B. 1d scaleless #§3#, C. 2d WT fi#, D. 2d scaleless
I o

Fig. 4. 5 Differences between pupal wings of scaleless and WT. On the first pupal day (A) , many tracheae protrude
from the vein and have invaded into wing lacuna between the veins in WT (arrows), while (B) there are almost no
tracheae in the wing lacuna between the veins in scaleless. On the second pupal day (C) , more tracheae have invaded
into the wing lacuna between the veins than in the 1 d pupa in WT (arrows). (D) There are still no tracheae in the wing

lacuna between the veins in scaleless or only tracheal cluster buds just protrude out of the veins (arrows). Bar, 100 um.

424 BIFREREXIRESE VI8 5 A 5 RN

5 i YA e ) B (D) 1 R] AU A ks B b LN (B 4. 600 HIEH
AL, R RERR AR, DL TR B 2 00 Ja R MR 2. 20 SkARBE & AT 15
SURE i, oAy 2 7T BRI S.

20 SR AR B L B UE BT AT 14 HOERCPE, BRA 1 R R AN AR 13 JUAT
AIEARRAKE
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4.6 AIRMIATLZHBARERERRIAE. A ATRFNG LAY, Jf BRI T R DO 1 1] 2
Wb B A ARG IX IR .

Fig. 4. 6 Adult forewing from a forewing disc that was injured at early 5th instar. (A) Note that the size of the
forewing, which should be larger than the hindwing, was about equal to that of the hindwing and that some areas of this
forewing have only a few scales (asterisks). The arrows indicate a crease produced by cutting the wing disc and the
blackened portion of the vein. (B) An enlarged portion of the wing. This preparation was made without washing. The
sockets and scales are fewer than in WT (Fig. 5.3, A) but more than in scaleless (Fig. 5.3, B). Note that not all of the

sockets support scales. Bars, 3 mm in (A) and 100 pm in (B).

425 SESEXNBEEH X ERFMN

50% O, %80 R CE M LE I 5 KA B R i i i 28 i K — K . =4 a0 IR AL B scaleless
A R T % LU I R B2 (K 4. Do BRI 50% O, E0 s AT (I A i 4 i 8 T .

K41 BERERIRRE scaleless R BIPMEEEF ML

Table 4. 1 Number of socket cells of scaleless adult after treatment with high O, partial pressure.

PAES WAL T mm?® STET_L 88 P A0 A i fin 2= Pl

Sort Wing number ~ Mean of socket cell number per mm®  Standard deviation T grouping
WT 10 499 12 A
scaleless 10 51 8 B
scaleless+50%0, 10 376 70 C

VE: WT stands for wild type, scaleless stands for the scaleless wing mutant, and scaleless+50%0, stands for scaleless developed under 50%
0, partial pressure. Cell numbers per mm’ wing portion of the three sorts are significantly different. While the standard deviation of
scaleless+50%O, is much larger than that of the others. Different letters in the column named “T grouping” indicate a statistically significant

difference (ANOVA, p<0.01).
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A AR 2 e 1 - 20 18 S VU KA TCIE )T Ak scaleless [ E &2 70 B

4.2.6 Tl B3R TR scaleless 5B E BIRBESE RRAELE

i I LR scaleless 5 BF A AR U R8I Z DA R A T (&
4.7) FEAMRIATIE T

4.7 WT(A) 5 scaleless (B) THHISEM.

Fig. 4. 7 Tracheal clusters of WT (A) and scaleless (B). There are lots of branches extending from the both of them. Bar,

1mm.

4.3 1+1ig

TEAMEEE LW, scaleless FEARAA bl U I R % Jv 22 LE WT HW] /b ok TUEW] scaleless
A EERLE], FAT T SeAT TR SR AR S 00 . SRR R 5 Btk A WO 7 38 3R R A 1R
KK H, Hojyo M Fujiwara (1997) [FSEE RN AE 3 d LARTHEAT M B E R A . FRATTIE/E 5 8% 1d
BATRERE, DARUERCDIA . BbAb, S b 3 i BE sl N 5 807 52 A e PR TS PP AR AR HH 3,
J3C LS AR RS N (3 SRR ok, RO O A8 BRI S AR A ey b BRI A0 e, R
AR TAMBFRE, X% 5 Hojyo Al Fujiwara (1997) $2F|[)584—FE. RGBT R
TR R B AE RN, IFBCEAE TR R R R B AL, TEAGI S sk il DA BB AE 1) /N3
KA (E12.8, a). 7 64%MFE N scaleless 2147 1) WT 2 U AT A5 R 7 18 T A= A7 85 7 11 /)
W N WT ZARZE 1) scaleless 1 J5UE FAR AR R & Be/INE, (HEN4T %A A i (18] 4. 4)
H L K e scaleless PER T4 IR 7 AN A7AE T 09K EL A O ELAS R A3 i A1, 1 s ph 3 JR 3 A
GBI T 58 s AW RRTE R Z AT O e T IX— e

WG AR /N R S g, nTRUE RN EBIHIRZ AEMA T B4, mEkaK
Jl /N )3 SR S AE AR 5 ENAR D BB O . T L AR KR B SR R DI SR
AR R E R A T AN P BRI FR 0 R 2 —, BT AR AR KR G B0 7 1R Y 1k
AR RS AR BRI IR, AU RO, R R B BRI, JF HAE 95% O,
+5% CO, &% H i 0T AT LASEHT 4 RIE i Fr o A P AR B R B o A P 35 () s, 1A
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A AR 2 e 1 - 20 18 S VU KA TCIE )T Ak scaleless [ E &2 70 B

IEEARR AR B R I Il 2 AR 5 s RS I A L) (Kawasaki and Iwashita, 1987b;
Kawasaki et al., 1995). 734, Fujiwara Al Hojyo (1997) KILFK & ICHRAL fl i)k A 5+
BN C, MIAC LM A SEIGUE ] T scaleless 7= 28 SRR P X R Kk, &
AR 7 10 e A% 381 748 i I () S5 Rt 9T b

MAFHI 45 KT, 4 it 2257 scaleless 55 WT [ R 36 R A5 LA — 2, 2RIk 5 1)
WAHWIR 2R, 2 T 2 d vTLUE 2 WT 5K AR 2 U, JF HAR bk 18] 13
I FARE AR IR . S tkAH I, scaleless Ik EEIRADERUE M, BIEREA, WRKEA
B, AT TG V2 A2 e 1) 3380 T 0k 1 B J R 4 b (1 4. 5) o AR S R R R G I B i oy, e
P A B S A2 g B I R RS EEFIE A (Samakovlis et al., 1996) . Kb FRATTHED X1
AT B0 scaleless 3 1 Py F 240 16 0 B 52 0900 ) e 5 AR 40 A i) FEE o 1

SEBR FATIEARYE UL L5 5N TR HY T /88 7 iy Tk L 30 T A U ) 3 i
1A FRD FRSbA H 73 FAE (1 4. 6) 5 1@k U (F3H3E (Garcia-Bellido and de Celis, 1992).
XU Bk S 2 A T AR ER R kI R T TS R, AT — AN B UE B TR
TERT 5 e b AR . eAh, A HRERE EE 73 4010l scaleless &1 ik (&1 4.2 C,
43 C; R 41D RPE—DAUEN] T RASMIH A B T 20T T4 e, BRI R T Gk
B liiE it

Galant %5 (1998) {rii§ Precis coenia ' 5% 2 T AS-C (achaete-scute Complex) [ [mJ 44
FE (homolog) ASH1L, JFfilkH] ASHL 2 v i A4 MU i JE e BT AN v it/ 1 o AR UEHR N i
AT, KNS ASHL 155 B1UVE EAZ M RBZIN A4 ASHL Rk, 2 it <8 1)
fEAGE ASHL IEHFRIAFT LK. 1M scaleless TEMART HIAE M LEM AR, PILFRA1HEDN scaleless
(R 5 AZ IR AR AT B H T A o 24t A s U A S g e A sz B, ki 3 280 AS-C 1K
IAFERIAN R IE W RIE 51 o

o AU S SR AT D LURR N o R G oh, U WAL A B FGF 24K Breathless

(BtD #:4), 1M1 Btl 3 1 branchless (hnl) 4if4 12 FGF B4 & F Frigiis (Zelzer and Shilo, 20000
ventral veinless (wb) & V& SEMP T IR, JF HE 22 btl (9 EyesE, a2t Bl S2A4B0E A
A (de Celis et al., 1995). fEZNHM, Vvl 8 ARk /& 1B 0B, (A2 T8, &
I3 TEENPRIAN ) BB A7 S bk i 5, 490 1) SR I 58 T G f 24-30 h InF, AETAJBK Cintervein) T GV
R 2] Vvl AE7E (Roch et al., 2002). wi JE K 5AR ] LA S B BO#IK Sk . HRXUERE
F RS R NG TR 2, T HAE R ARG 1 22 i v 4 D) v % T Bombyx trachealess
FE, AR R R AUE S 2 IR b A& 85 8 0 (Matsunami et al., 1999).
trachealess & — M UE TEATE UL, &1 5 AR AT DL U8 B 10 6 28 RN 2
(Younossi-Hartenstein and Hartenstein, 1993; Zelzer and Shilo, 2000) . K7z 545 {4 scaleless #+15,

B IEAP 2 B AT fE IR LI R ) RIE e WA 0%, B — R T ST UE ] .
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A AR 2 e 1 - 20 18 S ST KA SR A scaleless U 3 1T 4 i )5 TR 5T

FRE XELHHBRTIK scalel/ess WRAAPE M EA TR

LA 7 0y B S R R M R 1 R EREAE 2 —, Mk R R LR S 1
THT P ZE AT &ﬁﬂaﬂf/‘ﬁﬁéﬁﬁﬁ?&)ﬂﬁﬁi (Beldade and Brakefield, 2002). i) & S RIEL B
HAAAELR AR E S, ORI [, eI AR S R E A T B AR R
@ (Weatherbee et al., 1999; Koch et al., 2000 b; Brunetti et al., 2001). V£ 5L A KK
LR B 44 %58 (Carroll etal., 1994; Koch et al., 2000 a). JEA%. 4l A4 RUR & A0 (FiE
P e R H B i % 5 B R R R, SRR /N NIE (microchaete), B AL
5K FTRE (Galant et al., 1998) . AEA LY EAE U B LA AW 2 —, SEMRE 2 1 FH KA
FNIBRRESHIBAIIEA, —RI5Z2 AR E UL Y] (Jan and Jan, 1994).

SRR/ NNIE B N AP A AL RS, AR — 2 SCRR i, AFE ARG (shaft cell) FIH
A (socket cell); HLMI—Z MKW, WAHAHZLAM (neuron) FIFHZHEAAN (sheath cell)
(K 5.1). XAt — AR BB (primary precursor cell) (pI) FESHIAZE I VY IR AN FR B 40
M3 T o pl 23 AP IR K BEAN Y (secondary precursor cell), plla Al pllb. A& J5 pllb =4
—/ MR TN (glial cell) FI— =2 BF4I M (tertiary precursor cell) plllb. [y plla M43 K
AN MR . S5, plb 2 2TE R AP A0 MR — MR B4 L (Gho et al.,
1999). {EiX—KEFEH, PR AL 5 A AT T M T, AR YA
41 B A4 /NI B 1985 J5) (Fichelson and Gho, 2003 ). B8 (1§ F 5 Sl (19 /N WIB A 5 SR AL
REELE, H2E RPN RN 2. R B 7 25 5, AT plla (140 o 4k 25
Iy R AN A A AN i T S A AN AR T TS (Yoshida and Aoki, 1989;
Nijhout, 1991; Galant et al., 1998),

Shaft

Enl:lcll'_.rrnpp

5.1 RBNIEREE.
Fig. 5. 1 A Sketch of the Drosophila microchaete.
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A AR 2 e 1 - 20 18 S ST KA TG S AR Ak scaleless i 15 1 40 M ) T 5T

EEmRATC L5 2 scaleless Joih Pl & A 1) A vl e B stk vh 4% B IO SE A A2 BEAT K {H
s FADEANTE AR (B F 0 B DX O ANRE L T G 2 T 1 AR R I T PR
XANBE], AT T 5878 1A S A R A 20 5 el ey 40 L P 17K o DA ) SRAR R TR ) AR
5 A A PR T R

5.1 MRl 5%

51.1 R&E

PP AE R AP IER (WT) FITLEE A 584 AR K Az il scaleless (s1D 2 b [ el B2 e
N R A G XA APFER ] E BRI A TS . KRR SH (hEFRR )
B, 1991) TR AE LS, Bl il 25°C 70~80 %6 AHX R 4514 T AL S5
FTH

5.1.2 M{IEHE/;R1L 2% (Acridine Orange/Ethidium Bromide , AO/EB) #A Hoechst Z:£&

FEU 3 A ) H R FFAE PBS 229098 (137 mmol/L NaCl, 2.7 mmol/L KCI, 10 mmol/L Na,HPO, and
2 mmol/L KH,PO ) HHESS, SR 5 688 B3 % Lo K5 20 pl FHALUESR L) AO/EB 4443 (100 mg/ml
AO and 100 mg/ml EB in PBS) INEHM . %et0 5 7p4h)a, HI PBS WK 2 & 4 (OBDE il .
YLt I HRBLE 20 pl 6 4% 4R/R bk (F PBS WIBAIRE ) P e 15 /0. e df s B A o e fsl &
P LB TSI . ) Hoechst 42 i[RI RE 125 BRBEAT Y2 16,

5.1.3 Caspase-3/7 i& TH4& M

Z [ Aschkenazi %5 (2002) M Kamsteeg %5 (2003) M7k A0 EH . PYHIERIA
AP BE T A1 2 25 v FH 150 wl 2128 2 v (3mM DTT in PBS) %, SJK 7 A — 1.5 ml
WET, FRE I 150 pl 2 X 2fES2rP (2% NP40 and 0.2%SDS in PBS), 7K EJSCE 20
I3Ble ARJE 14 000 rpm 290 10 238, WA F3EIF-70°CIRA7 4 o PR 1 8 1 75 5 1 Bradford
J7iEM e (Bradford, 1976). H Caspase-GloTM 3/7 Assay System i7{l|& (Promega) & &AMf
i 2 pg I A RZMERRER] 15 nD H Caspase-3/7 TG . BEANFE S IR '6 1E1 HOH WA TN
FRUFEL (Beckman LS6000 Series, USAD Al BN IS I i 22 D REAT =ML T . 5
H student’s t-F 46 0 HHE AT ZE v 4047
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A AR 2 e 1 - 20 18 S H AL A ToWE P S AA scaleless i 12 T 240 i 5 TR

5.1.4 DNA F Bk s&m

T )7 Bift DNA 28 Herrmann %5 (1994) (W77 VEREAT 43 850 DU FUIf (1 43 A2 TN R 20 S
237 180 pl DNA AJ3¢ ki (20 mM EDTA and 50 mM Tris-HC, pH 7.5) %, 575
A 1S mU R TR 90 wl 3XHURIEII (3% NP4O H T DNA SR,
UK FJBCE 13 %h. 1 600X g B0 5 40%f, WA LiE IR SDS LK 1%; RNase A (ZKEN
S ug/ul) S6CHITL 2 AN, Bed FIZR (S K CAURIEN 2.5 ug/u) 37CHI 2 NHEL . ik
W 12 AR 10 MBS RRELAN 2.5 AR M TG /K L BFUTIE DNA. DNA YTiE HIRER vk e
DR MR AL 1.2 % BIRBERE S L b7 ik

5.2 458

5.2.1 AO/EB #-fa 45 R 3 0A scaleless MMM E A B ZIEP KERXT

I AO/EB Bt 7 3AT Tl LAEAE T4 il 5% 4 M X 3 =k, BIoh A0 K NI& 41 i, 1F
RN MAZ AL TR T A A Bk (0 EB URENENTEAN T, K AT M A 08 T 15 U 4 it
(40 A2 G L0t . 8] 5.2 a~f SRR IR AE R K B MPIMLIG (0 & B g ags i, M
AIUAE e AR AT 1) B R AR A AE TS . ST MAE 1 d i ou g2
2, 22 dW, oJLUEREM FROUHESE RV 20T A R VR (B 5.2 b FRATHE
DI KU HE B2 (35 A0 B At S 195 A BESI . (Galant et al. 1998, 3 d HFAE 40 B A S 41 M AH £ i
HH KA CEE BT (K52 o). HIATES di, B4 CE B R4kt
AR (K524, ERCRESIEERER/NE (B 52d). N55d (K 52e) FFUaHE AL B
KK IE HARIAE N o B 5.2 €2 8 d IR, IR S Ab 24 7 IR T

AR A AL, scaleless WA B FEL DI T A MIPET N (B 52 g~D. 7
W, g g RAHE (& 5.2 2), difaeiip dumlir . HEH] T 2d, scaleless 4l
WAR WT JBAE IR & R 4 M A0 T3 5 5T T8 R W HE S e e BRI (B 5.2 hoo T ORIV
JURIE, gifap e, SR e FHma ARG (B 520, 8 5dn, HAaHRADm
M EAFAE TR T AR B, IR PRy h A RERE Aot DR R ZE T I 4 LI VKA i
PR (8 5.2 ). MBI 5.2 e, k nTLUE Y, 85 B 471 7 B AR B i3 (9 & 1f7, 11 scalelee
S P T U AT AR D (R, o HAEANHE IR AN o B fim s BHAE PG, WT Rl scaleless JfH
(R 22 e i 2 W (5.2 W, sD o F ZEb m Ui W 172, scaleless F13 1 I AN A& 4000 1 15 A fid
v, TCHGE ML G AT IRAT — LEF R % 1 TE B
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A A AR 2 e 1 2718 3

B R A5 AR A scaleless 1 31 I 40 M TWE ST

38

B 5. 2 WHHAAERANAT AO/EB St .a~f Jt WT 21
PERS A, & d BOEROY DXCEUBOR g1 sl AR
(&

Fig. 5. 2 Acridine Orange/Ethidium Bromide
(AO/EB) Staining of the pupal wing. For the wild
type silkworm (WT) (a-f), live cells spread on the wing
surface just after pupation (a). With the development of
the pupa, dead cells occur on the wing, till 2-day-old
pupa when cell death rate reaches a peak, well arranged
live cells surrounded by massive dead cells can be seen
(b). The live cells are presumed to be the scale
precursor cells. Thereafter dead cells become fewer and
fewer (c, 3 d pupa), and little scales protruded orderly
from the wing surface on 5 d (d), even the small
developing scales could be seen (d’, arrow). When the
pupa develops to 5.5 d, the wing becomes opaque for
the scales have grown larger and pigmented (e). There
are no obvious differences between the scaleless wings
mutant (scaleless, sl) and WT on 0 d (g). But
distinctions appear by the following days, when scale
precursor cells have been determined in WT, vast cell
death does not perform in sl yet (h). However,
unexpected cell death occurs in 3 d sl pupa and no scale
precursor cells are segregated (i). Only a few cells still
exist on the wing surface which has turned very coarse,
caused by failure of dead cell removal (j & k). (f) and
(1) show parts of the wings of 8 d WT and sl pupae,
about two days before eclosion. (WT) and (sl) show the
wings of the new eclosion silkmoth. (e, k) distal is at
the top; others, distal is to the right. Bars=100 um in
a-d & g-j,=0.3 mmine & k, and=1 mmin f & L.



A AR 2 e 1 - 20 18 S H AL A ToWE P S AA scaleless i 12 T 240 i 5 TR

5.2.2 Caspase-3/7 &N RFTAAWH ERMAEFE T 2H AT 3 ER

Sh T T o TS 1A L AR T A E A SR SR TS R, AT T Caspase-3/7 (13
PEo ERX 328y, FRATA 1.5 d WiFFIakl. SEEeas ok, (e AN i, 1.5d i
W JLFAIAE] Caspase-3/7 361, MR T 2 d HyEMENER] TN, REESEI TR, H
3.5 d RO &)L WA R] (B 53 4 BmmihgkE). nr i, Rk T,
Caspase-3/7 ¥ 11 I3 AR Ak FFAEAR KL I 18] N ATAE LD e . 7E RARAKR K A scaleless M 7,
Caspase-3/7 iEHEHA—N5 WT RURES (B 53), SRR Z, FEEPR BT
WT e —K, I Hise KIEPEL 2 WT S KIS T2 2 .

50 10°

1P
A5 107 4x10?
—m— WT{Mormal) T
40x10°7 4
}.5‘ —#— sl (Mormal) i
E
T = 35107 4 1x109
= 0 0 |
< @ 30x10° 4 15 2 26 3 35 445
=~
5 2 250107
@ 8
w2 20x10° 4
oE
a5 10
o
10%107 4 P-1.88E-04
* P35 4SE-04
5107 4 * P'SfE'm P-6)9E-05

»
1.5 2 25 3 35 4 45

Pupal Age (Day)

5.3 WEMHAY Caspase-3/7 FEIMEN M. A LA AU AR KA Caspase-3/7 Wt AR BN . 7= 500 83
PEH student’s t-AX I REAT 0 AT, B PAREE T &N HILLE Y P AE; *30K P<0.01.

Fig. 5. 3 Caspase-3/7 activity in the pupal wings. The Caspase-3/7 activity in the WT pupal wings is even undetectable
in early pupa (the graph on top right corner). It reaches a top on 2 d, and then decreases sharply. Till 3 d, the enzyme
activity becomes noticeably lower again, and becomes undetectable in the following days. But the Caspase-3/7 activity
pattern in Sl is much different from that in WT. It is almost still undetectable in early Sl pupa and only half of that in WT
on 2 d, but increases sharply later and reaches a peak ten times as much as that of WT. Though the enzyme activity
decreases abruptly just after the peak, it is detectable all the way till 4 d. All of the data shows that apoptosis is
dramatically induced during the pupal wing development and processes excessively in Sl. Asterisks indicate there are
statistically significant differences between sl and WT. Statistical tests of significance were performed by the student’s

t-test and P values are shown. *, P<0.01.

B g Rl LA LU R &5 R T e X i gk B R A e b T I RARAA
scaleless i 40 o ) T 5 2 = T H AR A R A
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A AR 2 e 1 - 20 18 S H AL A ToWE P S AA scaleless i 12 T 240 i 5 TR

5.2.3 scaleless B AT /)MAFD DNA FER L INK B R

JHT /AT DNA 7 Bt il 20 TA R 40 R T2 1) 53 AR AN SEARFAE. (Herrmann et al., 1994;
Hacker, 2000). 541 3ATTH Hoechst XMiE#REAT T 4uth, IFAEm 520 Wilsi Tug. 34 d
I, AR E SR SE R, WT B I T A 58 e, PIAS SIS v AT W2 B T2/ MAS 1T scaleless
I TR EAT R A B S R T/ MALEAE (8] 5.4 A). DNA ladder 7 scaleless 38 o [F A G 5k (K146
WE], M WT HEJLTEAR (B 5.4 B). X288 Jlk— Ui B 7E scaleless i & & il #2 41 bi
AR ER A T I

wWT s/

B M 2d 2.5d 3d 3.5d 4d 2d 2.5d 3d 3.5d 4d
- S | e | e i T

5. 4 SR RIFT/MAFI DNA FERL M. A. Hoechst B4R, WT I sl 73l Ron B AE AN TAR R 5 7 s B A
[ & 5 B WT sl 28032 (¥) DNA ladder, M %75 DNA Marker, d %78 KHL

Fig. 5. 4 Apoptotic bodies and DNA ladder can be seen in the scaleless pupal wing. Regularly arranged cells enchase
in WT 4 d pupa wing separately, while most of the cells in the sl pupa wing are unshaped and apoptotic bodies can be
seen around some of the cells (A). Another apoptosis signal, DNA fragments performs in sl, and DNA ladder presents
clearly in the wings of 2.5 d, 3 d and 3.5 day pupae. But DNA ladder can not be seen clearly in WT (B). (A) Distal is to

the top; Bars=15um.

5.3 itig

BATCAIE T K Ao SR 3 R h ACE e 2 BHAT OC,  [AIIN # JE2EAE scaleless
55 WT Z w2 8] I AH TRE RRIE B 48 10K — 58 AR 3R 2 (1) PR A7 AE T8 R 38 3 o BF 90 R IS AR 4
ST % 1 () B2 T S A M I AE T A %, T R SC 4R 3 23 1 06 1 400 A 1 A 78 2 A SO R 23 1)

40



A AR 2 e 1 - 20 18 S H AL A ToWE P S AA scaleless i 12 T 240 i 5 TR

DL FRAT T T i S R A I R b I A B TR o O T AT SRR S, AR ST RAMEH T
5 scaleless AL [F] 5 B A ad 1 i il S35 A 0]

LR, KA FE AT WA AR TSR (B 52 a~D. WML, #AN3
I 7RSI TR (B 5.2 @) AAZEMEHIL T AT IS, I HAR P A 83
Mo 2 2 d W, 40 MR Tk 20T, TEAET 40 MR 2 A1 FNHES & A23E T k40 (B 5.2 b),
TR LT SRR R B R s R . AET RGN, AN TR 2 caspase ZMR AR IR IL,
caspase Vi PERT I 28 ey — Ml SER 40 HL M 7212 17775 (Denecker et al., 2001 PR LA F 52564
5 7873 U I A0 RS PP PR D T 5K 2 1 sty A T PR e T S AR B AN TR KA

AR F AN, scaleless AN MAET S FEA AR KN, KM TG HILII 1 K,
AR (8 5.2 g~Do MBI LA H, KEMMZETHITE 3 d, fAiE R4 i
TR A e BT (B 5.2 D 1 5 d B, WT AP 50T UG 2% & W1 /M A (B 5.2 40,
IMIX I scaleless SR RHAR R 2 1 A1 AR DR 400 (181 5.2 3D« FRATTHEN e - 40 e i A 1,
DRI AE T 0 40 B SR AS K piis P, AT 3k T scaleless i i (I UK AN o T B6AIE scaleless 31
MR EIET R AR IESET, FRATTRSIN T Wi h Caspase-3/7 WIEME. R INGEAL AR v
Caspase-3/7 WEAE H AR LEBFAE TG T 1 R, M H NG PEEE B AR 10 £% (& 5.3). T2/
Y F1 DNA ladder 45 Jeidt— 25 UESE T scaleless W40 M frd BE VAT L% (& 5.4).,

RS scaleless S84 LA ) A TR AU R B BRBEA OC. 1 d IS TT 4R HE SR AR A
MAERE R, BRRIJURS NI s[RI &40 H AL B e 68 35043 46 1] scaleless 1 f6% fv
ARFERATE B T scaleless Wi A7 76 ™ R AN T, i SECT & Toms Fri#. a] LU,
scaleless M3 41 il (13 B2 0 T 0] B PR S AU R B 2 BRI S RS A SR IT 8. PRI, HRD 1R
SAR I A7 v g 5 3 R b AU R B ARG
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A AR 2 e 1 - 20 18 S SN A AS-C [AIRARRE R ) vd b | 255 55 D) REI BT

FENRE REASCRIRFRERN=E. EESTESH

TP MR e - 211 i (bHLH, basic helix-loop-helix ) ZG W) sk K146 )5 42804 (metazoans)
RESREPHYEBEAME, OFENMERE PR kA Maloe Rk E %
A $E (Weintraub, 1993; Jan and Jan, 1993; Hassan and Bellen, 2000; Massari and Murre, 2000;
Ledent et al., 2002). bHLHX I H12160 M SRR ALK, A — 2 G DNARIGME X S (b) A4~
WARCRSE FR (loop) BRI IR BE (Helix)o HLHAEREICTE B FIJE I8 5k R 1w
B X I A 5 N R 4R DNA Y41 (E-box) 454 (Massari and Murre, 2000) «

JUAIIAS-C (achaete-scute complex) HH PN idbHLHES 5 [A 1~ [#) 2k [Klacheate (ac). scute

(sc). lethal of scute (I'sc) Flasense (ase) ZH i, 1 PUAN ik Al oAy SR b 28 i #4240 i & & 46 7 ( Cubas
etal., 1991; Skeath and Carroll, 1991; Jan and Jan, 1994; Calleja et al., 2002; ). AS-CI1] [RIJ5 A SE XI4E
RZ YT, OFFKIE KBRS I 0 B 3w SE AL ahP )5 N6, #8433 T i (Johnson
et al., 1990; Jasoni et al., 1994; Grens et al., 1995; Botella et al., 1996; Pistillo et al., 2002; Skaer et al.
2002;Wiilbeck et al., 2002; Wheeler et al., 2003; Jonsson et al., 2004; Schlatter et al., 2005),

BUAH - GHESRASCT) . B H - CEl . BEH (R JO FEEHH i) B b # v 2
T AS-CIF[RIVEARHE K] o ASHAEE PRI 71 b NIl 6 At i 1y 1) 5 7 i e vh BUAT G ME/E HT (Skeath and
Carroll, 1991; Galant et al., 1998). 4 T XscalelessF&AZ A 1K1 4> T HLEIR AN, FATvi B T KA
AS-CHIRIJSEARIE A, JF 0 LR DR G5 R A IE R HEAT T 204

6.1 8l 57 %
6.1.1 X&E

KA IY- T B B AR AR AT R A . K AT 1-4 W iz (R EFRAY) (B
F, 1991) HRETHARHE VA S, IR R SIS A E T 25°C . 70~80 % AHX VR 4 R
FEIERAT LI

6.1.2 B 5 Rk

KIGHAF B B2 AR kR E. coli DHI0B FHASSZ S R A7 5 T 3¢ B TR A pMDI18-T 1l H 544 T
FEOKIE) HRAH .

6.1.3 & RNA g

1. FIA Trizol #HIRLALE RNA
(1) BFESE A ZURNEA Trizol (1 ml/50~100 mg 4140 MIPHEAR S A1, HYUARBIRE
I Trizol AR 10% 6
(2) BFAIHMBAT S R CE 5 min DUERZ B FURE A58 2240
(3) AN (0.2 ml/1 ml TrizoD), 5% i EIZIRE 15 sec; =t FIKCE 2~ 15 min.
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(4) 4°C, 12000 g £5.0 15 min. BEA &L, RAW D =AH: T T 2R ol - 0 a il
AL TEAHFD BTGt KA. RNA A7 BE7EKAH T, 10 DNA FHE 50 AE B T () A A1 HLAH
W o JKAHAARTRZ) 0 T 2198 1) Trizol 431 60%
(5) B/KAB B, ISR (0.5 ml/ 1 ml Trizol); Z¥EAE 5~ 10 min. [A]F45 B A AT HL
FALRAE T 4°C LA#% 53 B DNA FIEE T H
(6) 4~25C, 12000 g &5.0> 8 min. RNA JUHE (ELORTHT A NS 765 RE S R UK 1)
B RN
(7) FF ik, H 75% OEHEDE RNA JUiE; RJG 4~25°C, 7500 g B0 5 min. 75% LREfFH &
24 =1 ml/ml Tri Rreagent.
(8) FF_IiF, T PUEER T 30 ul DEPC ABAZEK (ddH,0) 3k & H g+ . -70
C RAF o A UTEMER, W] IS AT 55~60Cilii & 10~15 min.
2. Solution D ;:IMIEZIPS RNA
(1) FRELZ) 0.3 g Z0F, JH 2 ml Solution D #fFEA UK _LAF B 2R P 2%
(2) FERSRIBIEA) AP 7803513, 1500 g 250> Smin; 3% A\ Eppendorf & 4, A4 0.5 ml.
(3) BN 50 ul 2 M NaAc (pH 4.0), 0.5ml B (pH 7.0), 0.1 ml &4/ 5 %R (49:1), HRES)
JavK EJECE 15 mins
(4) 4°C, 12000 g 2L 15 min,
(5) WEEAKM (45 05mD, @5t LiEERRZ AT EL 3-4 B CAH AN NaAc).
(6) A 0.5ml SFENBIRS, -20CHE 1h B L.
(7) 4°C, 12000 g 2> 15 min, JIHE RNA F T
(8) YUIEEW T 100 ul solution D, JIA 10 ul NaAc (pH4.0), 300 ul LF%, RA)J5-20C E 1
h PLE.
(9) 4°C, 12000 g &> 15 min YTIE RNA,
(10) 7 Ei&, 01 ml70% SEEE—IR: 4°C, 12000 g B5.0 3 min.
(1) FF 13, T DUEER T 30 ul DEPC ARFEXFE/K (ddH20) 32 & 1 HltiEt . -70
T RAFEH
VA Ty
Solution D: 10 g guanidinium thiocyanate (R FHERND, 0.106 g sarcosyl (1 —fe L2 R,
0.7 ml 0.75 M FFi5RHN (pH7.0), 11.72 ml ddH20; 65 C¥#fi# (HBASRE =k K i#, 4°C Faf
RA7 3 NMHLELED; HZHi%E 1 ml Solution D %N 7 ul 2-mercaptorthanol (2-5i%E LEE).
2 M NaAc (pH4.0): it 2 M NaAc ¥ 48K pH £ 4.0,

6.1.4 B R T[4 T BE HEER AR FR Sk

1. MRHC1.2 g BlEkE, nZ) 62 ml ddHO ", INFWER: A B IERE 58 AR 5 T8 4 60°COK
PSP S NN 20 ml S X MOPS A1 18 ml S TRAT G K.

2. U1 pl #h$20) RNA ## T 10 pl 50FF buffer, 65°C/K#T 15 min, UK# 5 min.

3. FERERIF AR TERSRON 1 X MOPS 1, 100 V FiiHLYK 5 mins
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4. ¥ RNA ELOJE IO 1 pl EFF buffer (5 20 pg/ul EB),  Riff.

5. 45V LUK Th, R)5 75V RIK R RBIERIH) 2/3 4be #5500 E T 15°C, Sl A F bR J
INUK DR ERGIE . L8N S ml BT AR 1 A P B A e — Ik

6. HAMT T ML RNA iR I

VI Ty

5XMOPS: 0.1 M MOPS, 0.025 M NaAc, 0.005M EDTA.

PAFE buffer: 5XMOPS 200 pl, H#E 350 pl %+ 450 pl ddH,0.

¥ buffer: 100 pl 10 mg/ml ¥RE #5102 pl 0.5M EDTA % T 398 pl ddH,0, #RJ5 5 500 ul Hihig

H5 .

6.1.5 %% PCR (RT-PCR)

1. cDNA E—§EE K
(1) B2 plRNA (<1pg) +2ulOligod (T) »,V (0.5ug) +13.75 ul DEPC 4b¥E/K; 70°C,
5 min, A VK L 5 min.
(2) B 5 pl 5XM-MLV buffer+1.25 pl 10 mM dNTP+1 pl M-MLV-RT (200 U), & ARFK
25 ulo
(3) RS G =WIKCE 10 min.
(4) 42°CM 1 he
(5) 70°C 2 min K RTase, -20°CHR77E4% o
2. PCR Iz (KA50 pl REZIARAHED
ddH,0: 40 pl
10 XPCR buffer: 5 pul
dNTP (10 mMD: 1l
primerl (20 pmol/ul): 1 pl
Primer2 (20 pmol/ul): 1 pl
PR DNA: 1l
Taq fiff: 1 pl
AR 50l
PCR S NARF— Kk 95 CTIAETE 4 min; 95°C 40 sec, 1Bk 40 sec GEKIEE N5 Tm {H
i 5°CH, T2 CHEMIE I E] (—f#% 1 min AP 1 Kb K1) DNA B, 30 MG 72 CHMEH
10 min. 7 pfu BEZEATH 1Y, ANTP A H] & FIGE I R I0M . PCR 51430 i 2 (PCR
BRSZH Fa ) (HEE R4, 1998).,

6.1.6 cDNA Kif[#RiR# 1% RACE (SMART-RACE ¢cDNA amplification kit, Clontech)

1. 254 5°-RACE cDNA Je WA R fil 3°-RACE cDNA W AKFR . Hi# N 1 pg Total RNA, 1 pl
5°-CDS primer Al 1 pl SMART II A oligo; J&i# A 1 pug Total RNA Al 1 pl 5°-CDS primer. 737l
FH ddH,0 #h 78 2 Z&ARF N 5 ulo
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2. K LR REEHAEEL, 70°C/KH 2 min.

3. R HIIIANLLF 84 : 2 ul 5 X First-strand buffer, 1 pl DTT (20 mM), 1 ul dNTP Mix (10
mM) F1 1 ul PowerScript Reverse Transcriptase, ZARFUN 10 plo

4. WEHHEEL, 42°CRM 1.5 h.

] Tricine-EDTA buffer Fi%¢ B 5155 — 5% cDNA . W AE I 1 Total RNA<200 ng, il 20 ul; #

>200 ng, I 100 pl; W FH poly A+ RNA 15 #5R, TN 250 ul.

72°CHE 7 min K SR

20CKIIRAE (=AHDo

FRs 5 AR &b 1) A H 5 A7 ks PCR 9734 H 5L

P38 A B DU v IR0 o

YL EA B Z I (SMART™ RACE cDNA Amplification KitUser Manual) #47 .

9,

e N

6.1.7 %I DNA ‘LD E3hig

PRE B LR T2 Amp B Kan (100 pg/ml) ) 3 ml LB £57#3&m, 37 CIRGRFRLK .
B 1.5 ml B, 12000 g 2540 1 min, i

F 150 pl W T BP7U05E, UK FJECE 15 min.

J1 300 pl FH AT 150 ul 40, BRAEHVRA] G VKA 5 min.

B 450 pl BRI, PRSI EUKHE 15 min.

12 000 g £5.0» 10 min, B E3F, 0 0.6 AR R NRE, A5 T 4°CICE 20 min.

12 000 g 20> 10 min, FF B3, UOIEW T 250 pl TER (5% 20 pg/ml Rnase A ff) TE) 1, 37
CH4k 20 min.

i1 350 ul PPt Buffer, HA))5H 4°CHiE 15 min.

12 000 g #5.0 10 min, 3% F3F, 1 ml 70% SBEME—IK, T4, H 40 ul 0.1XTE (pHS8.0) ¥
FRUTIE, -20CARTE T

VA )y

W T . 50 mmol/L % F¥, 25 mmol/L Tris-HCI, 10 mmol/L EDTA (pHS8.0).

W IT: 0.2 mol/L NaOH, 1%SDS.

HWEIIT: 3 mol/L NaAc, pH4.8.

PPt Buffer: 22 (AFURAEE, 1 /4AF 5 mol/L BARHH, 2 AFIZEIK,

~N N Bk W N~

O o0

6.1.8 DNA #1 RNA K E N E

N

ZHR CR5ga sy TLEW)2ESe b erd) (FiT-81%5, 1998) [ J7VEET .
6.1.9 il DNA BYBR il 1% N 186 sz Kz

25 W7 i I TP ST B P B0 S N A A REA T o SO R — B TR DNA 1~2 g, 1/10 £
R 10X B S N 2 0, gk 2-4 U/ug DNA, RMAFL— 8k 15~20 plo Sl g (el 37
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C) M 1~2h, FEAEHEES vk 4 e D) & B 584 .
6.1.10 DNA F jk#0 DNA BZ B4

1. IEIBELELEIL Y DNA B,

(1) PCR j= ¥y elilig U)Wyt AT Bl Hi e i v vk, VIR H ¥ DNA 45717 .

(2) oA 3 54 (viw) 1) 6 mol/L Nal, 65°C ikt it «

(3) VK_LJBCE 2min J5 0N 8 ul BEESWIL I DNA, K _LFCE 5 min.

(4) 12000 g 0 5sec, 2 i UUIEH New Wash DR 3 Ko

(5) Mgt Ja MG 0.1XTE (10~50 D) &7, #.O0EH EF, ¥ DNA R4 T-20C&H.
FERIL T :
6 mol/L Nal: ¥ 0.75 g Na,SO; % T~ 40 ml XUZE/KHT, N 45 g Nal H4ii+: 22 5¢ 2% fi# - | Whatman
JEAREL NC It g, 7EmEAbORAT o
Py (Glassmilk): 100 mg/ml [ Silica (Sigma S-5631). 4 10 g Silica % T 100 ml 1 XPBS
, UE2 h, FEETE, EEZPE 2~3 K 2000 g #0 2 min, KUUEYET 3 mol/L Y Nal
L 2Rl 100 mg/ml, 4°C R REGIRAE
New Wash: 20 mmol/L Tris-Cl (pH7.4). 1 mmol/L EDTA }% 100 mmol/L NaCl % 5 5 AF TG
IK TR A T T A o
2. FERRFISHEK

23 RN S 14 J TS ) 26 A FH 0 B P AT

6.1.11 DNA %3

ER N AR 10 ul, AR R B S 3R I BE R LE— M 2~3:1, 10xT4 DNA‘@%Z}EYW&
1 ule B REARIRIERE, 5N T4 DNA EZR 0.5~1 pl, 16°CiER: 8 h LA by F & FRumER,
2 ul T4 DNA %EE:, 18 ~22 CERII R . Tﬁ%ﬁﬁ%ﬂﬂ%ﬂﬁwﬁuﬁﬁ%%ﬁﬁ

6.1.12 KA E B Z 7SR HI &

1. -70°C#y/¥ DH10B Hi g7t LB ~Fii 5 95,

2. PRHCRRTVE, FEFhE] 3 mL NS HUAERM LB AR IR, 37 CHRGE IR

3. W1 mL B59R  I BRAREE R ) 100 mL BrEF ¥ LB AR FRIE, 37°CHR% 9 2~3 h, ,
{ OD {HIAH] 0.6 A7

4. KHBERICEER K E R BIT, 4°C, 3 800 rpm 20 5 min, FF L BATET 20~30 ml
AT 75 mmol/L CaCl, %, ¥k 30 min.

5. 4°C, 3800 rpm £5.0» 5min, F B DUETMA 10 ml 5 10% H ¥4 75 mmol/L CaCl, #¥
W AR RE AR, RE5.

6. VK LT 3~4h Jair3/ME (100 pl /), -70°CHRAT.
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6.1.13 [R#HI DNA BUEEFYIBY4E L

W70 CHRAF IS, AT R RS AR BdE K .
T A AN 52 ARl Ak S5 NN FoRE DNA 20~ 100 ng BIEBR A4 5 ul, BEIES), UK 30 min.
42°CHIH 90 sec, W E VK I 1~2 min.

A T ml WA % 37°CIH LB #5570k, 37°CHe% (<150 rpm) K55% 1 he

4000 g &0 5min, E#> EiEE (B 150~200 pl) 340 T8 3E 4Pud &1 LB AR L.
37°CAAIE B TR

AN N AW N =

6.1.14 EHRNHILEE

1. EEPCRELTE

FREUHAL DT AF () BT VA T 50 pl ddH,0 HY, SRFEHC T pl MBI, FI Rl DA 39 SRR AL DR B
519347 PCR, —# PCR VAR ZR N 10~15 pl RIAT . PCR 45 A i FEVKAS Il 2 75 RE ™48t H
R B
2. RRMPEREIELELE (Beuken et al., 1998)

YL TR 5 B R 1 JTORE 73— A R 22 Sl B R P Ly A TR A s e o 23 BRI 2 A B
RT3 ml % 80 pg/ml Amp [ LB £33, 37°CHRZRFELR . B 300~500 pl BT
Eppendorf &1, 12000 g £5.0» 10 sec, 7+ L3, YUEH I 30 pl 4% EAEZEM (6% BERE, 0.1
ORI, RO 20 pl KM/ S0 (11D, KRifAsfE, 7250¥9%, 12 000 g FL 5 min, H L
O EFERK, WsE L.

3. EBUIEE

AN TR DNA (6.1.7), SR HIA3&E 1 B IE ) DI REREA TGO SO, St fie
HIUK %52 DNA FBEK/N.

4. DNAUFF

BEAG TP BRI A R, W ol TR SRBRARG, DRI T LS o B8 i 1) R AT) 20 5 5 e A 7D A
e WA TORE T2 ) IR o I i e e T S R 8 TV

6.1.15 REEE L DNA BI#I& (RXITHZ, 2000)

1. ¥ 1 BRI AT A BRE, I 10 ml AR A, FBESI R AR VK b a7 it B

H 3 ZD LR, BRI BIE0E T 4°C, 1500 g .0 3 min.

Fr s piEs N 1.5 ml #idE B B, TRAS; UK LJKCE 15 min.

MEAR (1.5 mD 1) TE MR HIEE 1 7k 4°C, 12 000 g &0 8 min.

B ESW, HAARRR SOl 1 7k: 4°C, 12000 g B0 8 min. 474K (140 % B DNA 4l

TR R, WHEH 4~5 DI,

6. W EIEW, A 2 AT TE/K LBEUTHE DNA, -20°CHCE 20 min LA I,

7. 4C, 12000 g &0 8 ming FF L, VOEH 75% LBEMLSG, FliT; W TER TER (%20
pg/ml RNaseA ff] TE) H1-20CIRAE4 .

[ N N VS I )
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VEIRIC T -

P A: 0.25 mol/L Sucrose (FERE), 10 mmol/L EDTA, 30 mmol/L Tris-HCl (pH 7.5),

LW B: 10 mmol/L Tris-HC1 (pH 7.5), 10 mmol/L EDTA, 0.15 mol/L NaCl, 1% Sarcosyl (1
RN IR D BUE S AT 4 CRRE RAT

6.1.16 Southern Z&32

1. JEPEOIEMIBREIYE P DIBEX L 4] DNA BT, &AM H 20 g DNA.

2. HEFTIFI 101 2Ky A ARk, 12 000 g 250 8 min B EIE, I 1/10 4AF1A 3 mol/L
BE RN (pH 5.4) 1 2 AT TC/K 4%, -20°CHiE 20 min BA_I; 12 000 g > 8 min,
UIER 75% SEEVE—IR; THJE% T 20 ul 0.1 X TE s

3. {E0.8%BUIEbHAEK: vk, Aridmyis S 2/3 kb I Yk BB (GRALZEE) Yeth, R

(B R AE % Marker HI7'ED .
4. L

(D HIUERIBH ddHO OBZE/K) EEEM X LLYE IR 1) EB, 485 & 0.25 mol/L HCl
HRI 10~ 15 min(ff K73 5 DNA JRUAZ IR, T8 ), B 4 M 8748 il 4 H ddH,0
BRI, NSRRI 0.4 mol/L NaOH 20 42 YRy i B A8 Wi tf (fiff DNA A2 1),

(2) WA i LR K DR AT e RN (AR AT 4E 2 5E) % — 9K AE 0.4 mol/L NaOH 32
1 5~10 min; BFUEACTAH T H A HE A (BioRad) 2 fLEFHEMIE Y, JHBRIAR R <0 s
PR JE RIS o84t b, RS K OISR E T e R b, i IR e
WRE T b R RAE YR 5 mm P LD, BEEAI; TSR EE G IT8h s
B, WAEJIE (42 inchs.Hg), I EERDZ0g 5 WEHENG %, T HR 5% Rk 1) Y
ANIDGREBAAE 2 SRRV /R IS BN 1 000 ml 0.4 mol/L NaOH (B8 10X SSC) {1 A #
W ¥ 1~2he

(3) HeR4E G, F 2 X SSC L e MMMk, I LR

(4) B THRR RN E IEAR EH UV AZHAACHE 5 min; BT H5KIELCT ] 80°CHERE 1~2 h
i DNA 5 Je Jelis ke A A8 1k

VA Ty

20X SSC: ZM (7 FrbElifrg CHE=R0O) (GERFESE, 2002).,

5. TRARAC: K FUSERCHILT T ACHE 10 ml BIAZZASHE H, SRIERETI5E ] 6 X SSC B 1) J& T

(DNA [ F) IAZAZE N, HESH: 60 CHIAAE 3~6 h.

TRAAZHIC /7 (10 mD:

H (A LR L
ddH,0: 5.4 ml
20X SSC: 3 ml 6X
50 X denhardt: 1 ml 5X
10% SDS: 0.5 ml 0.5%
fik ik DNA (10 mg/ml) @ 0.1 ml 100 pg/ml
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T SRR DNA FRTEDE 5 min, HGECE ToKk B BIFCRI,

6. TEFRID

(1) K Klenow Fragment LMY 4L 73 B VK Rk

(2) KB DNA H] ddH,0 5% TE #Bé il 1~25 pg/ml Jii, 95~100°C /K 2~5 min i X% DNA
A SRJERIHE K b

(3) TREMPRIL R VAR R

4oy (A Zak
ddH,0:
5 Xlabeling buffer: 10 pl 1 X
Mixture of the unlabeled dNTPs (1.25 mM each, -dATP) : 2 ul 50 uM each

Denatured DNA template: 25 ng 500 ng/ml
Nuclease-free BAS  (10mg/ml) : 2 ul 400 pg/ml

[a-**P]dATP  (10mCi/ml, ~3000Ci/mmol) : 5ul 333 nM
DNA polymerase I large (Klenow) fragment: 5 units 100 U/ml

Total volume: 50 pul

e R AT A BB A ) dATP AN ARk FIR G e B mA R, Sahn
fitf; VRAIGREE Lo 25°CNY 1~2 ho

7. ZeA8: BFRICIF ARG 95~100°C 4 2~5 min, W E VK L 5 min; A B 440
o EEREREN MBI TR, A EBEINBE . 60°CRATIA .

8. VEME: SGJEHH 2XSSC/0.1%SDS, 1XSSC/0.1%SDS, 0.1 X SSC/0.1% SDS P 73 M vE i =
W R 65°C, 15 min. —f 2X SSC/0.1%SDS Al 1 X SSC/0.1%SDS FH T2 5 WK B 1138
BIRER: 0.1XSSC/0.1%SDS H 1o 2 AR e EA S % . FH 0.1 X SSC/0.1% SDS i #2
I IS A DU S PR JBCE 1 R  H m FE  E J A H

9. FEFre WEURLFI B RN S FH DB R T IR R B T (R G SR T SR A R X sk Je e
JBE, DN ZRUORUE IR ) H R SR N ] v AE S 7, O TBOR R S5 /K Rl B A s A7 8
SRJGAERE = o X NS BE . -70°CRCE A CINa) AR 4 EL A U AT s T3 b
SRR BEA T EE T-70°C, SEECE A .

10, e K005 1T DA ) S 2K AR R 4 AT FH U0 B TIC ROV 7RI S P kAT by BRI
XA E R S min, EAKPRVE—T, ETEE’Z!&@ 5 min.

11, 56058 3 P P B i vk IR R ) 258 4 AT 707 o

6.1.17 LBTRHEE RT-PCR (Realtime Quantitative RT-PCR)

1. R4k H I EER cDNA FPA Bt 514, AT 88 v BeAt 250 bp LAR,  [RIINHORAES S R ek
2. ARIPUBOIRII K AL ZU6 RNA BT e (6.1.5); mI =izl RNA AR E4T PCR Kl Ay
JCHENAL DNA 7558, FA7, iz DNA B A a AT Sk
3. %41 R PCR WVAK RIS & Fisr: SYBR Green Realtime PCR Master Mix 10 ul. Primer 1
(10 mM) 0.6 pl. Primer 2 (10 mM) 0.5 pl. ¢cDNA (ZJ4H4F 10 ng RNA [F#79)) 1 ul,
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] ddHO #b 78 42 24 20 pl.

4. F FFEPALED G E = PCR 4 (Chromo 4 Detector, MJ Research) F3HE{THG: 95°C 3 min;
95°C 15 sec, 60°C CHJHEsLPrIEHLMIE) 15 sec, 72°C 30 sec, 40 MEH; #iffihzk I 60
CTHJ95°C, % 0.2°CiZHL 1secs

5. bRUEMRZERIEIVE: K S P R BUF A H R R N SRR v B e B 2] pMDIS-T #fk b, il
58 TORLIR FE FF4%AF ul 10°~ 107 A4 DUIAT B FER B A1 M bruERE AT 96t 38 B PCR. LLBTHR Ct
B AR S PR3 DB BRI, RPN SR DR 38 PR b i 2k S L ME T2 y=ax+b,

6. HHE I PCR 45 AT /b, MRIEFRAE I 7 FE v 8 x B, WA B8 (0 % LK Y=10"

6.1.18 DNA FfAZ&E B R F5I8Y bk 3t R gtk 3 4f

x4 FINCBI Chttp://www.ncbi.nlm.nih.gov) Wik L BLAST T HA, fBHDNASTAR# 1
A T HAAT 51708 (Burland, 20000, i SASEEALH #7751 FICLUSTAL X# A ALEAT EE
X} (Thompson et al., 1997; Jeanmougin et al., 1998), #X 5 FHPHYLIPAXF 43 i R 7 il E SE AL A%

(Felsenstein, 2002) .

6.1.19 ZKZ=FrF PCR 3149%13&

% 6.1 ZAZEFTH PCR 5149%5%.
Table 6. 1 PCR primers used in this chapter.

CIL B ik 2l g

BASP1 5’-ATCGCTTTCATCTAAAAGCCTCTTTA-3’ ¥R & ASH1
NBASPI1 5’-AGCCGAGGGAATATGTTGTCGGAGTGC-3’ cDNA 5° &K vt
BASP2 5-CGGAGGAATGCGCGAGAGCGGAATAGAG-3’ ¥ 1 5x & ASH1 X
NBASP2 5-GAGGTTCCTCCAGAAAATTAAGCAAGG-3’ cDNA 3’ K it
ORF2-F 5-GTCAAAATGCTCCAAGAAATCC-3’ o

158 7 ASH2 SE[K ORF
ORF2-R 5’-GATATAACTATTTTTGTTGCCACC-3’
ORF3-F 5’-AAATTAATGCGCGGCCGTCC-3’ o

158 4 ASH3 SE[K ORF
ORF3-R 5-TCACTTTTCTTGCCACCACGAGAT-3’
ORF4-F 5’-GCCGAAATGAGCTCCATCG-3’ o

P I K & ase K ORF
ORF4-R 5’ -TTATTTTTTATTAACAGTTTTCGTAGG-3’
ASH2-3’ 5’-AATAGCGAGACGTAATGCACGGGA-3’ ¥ K A& ASH2
ASH2-3’N 5’-GATTCAACGCACTTCGCCGTCA-3’ cDNA 3’ K it
ASH3-3’ 5>-CAAGAAGAAACGCCAGGGAAAGGA-3’ ¥ K #& ASH3
ASH3-3’N 5’-GAAAAGACTGCCTGCCGCAGT-3’ cDNA 3’ K it
ase-3’ 5’-ACGGAATGCGCGGGAACGGAA-3’ PR 7T ase K cDNA
ase-3’N 5’-GGCGACACATACCCGAAGAAG-3’ 3 K iy
Q-A3-F 5’-CCCCATCGAACACGGAATCG-3’ SE PO E R PCR iy

Q-A3-R

5’-CGACGTACATGGCGGGCGT-3’

14 N 255K Bm-actin A3
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R A MR B R 2 A i8S ST KA AS-C RITIAIEIN I 50l %58 5 Dh e b
QIF 5’-GAGGTTCCTCCAGAAAATTAAGCAAGG-3’ SE 96 & PCR iy
QIR 5’-AGACACGAATGATGGGGCTGG-3’ % Bm-ASH1

Q2F 5’-GATTCAACGCACTTCGCCGTCA-3’ SEWF S E = PCR 1y
Q2R 5’-CCCGATTTTCTTGATCACGCGTAATAC-3’ 1% Bm-ASH2

Q3F 5-CAAGAAGAAACGCCAGGGAAAGGA-3’ SEW S E = PCR 1y
Q3R 5-TTAGGAATGCCAAGCGCTGCATC-3’ 1% Bm-ASH3

Q4F 5’-GGCGACACATACCCGAAGAAG-3’ SEm S E  PCR 1y
Q4R 5’-GATTCCATGCAGGAACGAGACGT-3’ 1 Bm-ase

Oligo d(T)»V 5-TTTTTTTTTTTTTTTTTTTTV-3’ T %

6.2 58
6.2.1 ZZ&E AS-C EliR{RE R Bm-ASH1 cDNA B 52 [&

1. R%&EEST EEr AS-CRIIRF5I89E K & RACE 514)891% it
MA R AS-C FEKZ — ac (achaete) %% H it (AC) Py R K A& EST &
(http://www.ncbi.nlm.nih.gov/BLAST, tblastn) . LE X 45 5 45— 4% EST JP AL 2 EMR K1 5 AC
(¥ bHLH H A 1R i i) [ sk o AR 2= 2009 EST /#4181t 5° -RACE #1 3°-RACE i -ME 4 19514
(Kl 6.1,
A

Score = 93.6 bits (231), Expect = 9e-20

Identities = 48/74 (64%), Positives = 61/74 (82%), Gaps = 5/74 (6%)
Frame = =2
Query SVIRRNARERNRVKQVNNGFSQLRQHIPAAVIADLSNGRRGIGPGANKKLSKVSTLEMAY
SV RRNARERNRVEKQVNNGF+ LRQHIP+AV A L+ GR G++=KLSKV TL+-AV
SVARRNARERNRVEQVNNGFAALRQHIPSAVTAALAGGR————— GSSRKLSKVDTLRLAV

EYIRRLQKVLHEND 98
EYI+ L+++L E+D

84

25

332
83

Sbjct
Query

496

6.1 fl ac ERRATHIEEFRFTILEXITZRE EST BERYLE R K RACE 3I4IRIR T, A, LR EIM)F415 AC bHLH [X

Sbjct

1
61
121
181
241
301
361

421

481

541

601
661

497

attcggacgg
acttagcgtc
gactcgtgcg
ggcgattcac
tgcaccgagg
tcttcatcag
gaatagagte
BASP2

tgtgacggct

tttacggcta
tggatgttca

atcatcggaa
taattgtcat

EYIKSLKRLLDESD

cggccegtge
gggggtegcegce
cactcgatac
ggctatcaaa
agactggcac
ccgtacccaa
aaacaagtca

gctcttgcag

gcagtagagt

gatacccaat

gaatctcatt
gacgtatacg

o

38

gcgegegtcec
gcaacctccg
acacacgata
atctgggtgt
cggctccagt
cccagcctegc
acaacggatt

gcggcagagg

ggcacgcgcc
ccaatccact
cgttttcaca
cgatcaaaaa
tgacacgacc
ttcagtggcc
tgcgggactc

ccaccgccgc
ggcgacctcc
cgatacgcga
ctgacgcacc
cgctgcaaga

cgcgegeget
gcgcggcace
tgccgatggc
tgcaaactcc
agagatctta

cggaggaatg cgcgagagecg

cgacaacata

ttccctcgegce

NBASP1
ttcctccaga aaattaagca %Egtagatac

acattaaaag

tagggectteg
ctccagecccce
atgcctacga

51

NBASP2

ctgaaagagg cttttagatg aaagcgatga

BASP1

attatctacg acaggctcgc aaacgccacc

atcattcgtg tctgaaagtt ctgcaggegcc

acccatgagt

ccagaaga
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B — Bk ik 64% . B #iSk 7 WG I
Fig. 6. 1 The result of blasting silkworm EST database with AC amino acid sequenc and the design of RACE
primers. A. A sequence found from silkworm EST database has 64% identities with the bHLH region of AC; B. The

arrows under the sequences show the direction of the primers.

2. Bm-ASH7 £ & cDNA BY3X1S

B 45GH BASP1 Rl BASP2 5|94} (3£ 6.1) LLE & H i cDNA AR dE4T PCR 38 wh ] Jy B,
28 7 JEffiE Bm-ASH1 JE R I b 3Rk 28 5 % T iF 19 5°-RACE 5% BASP1.NBASP1 /¢
3>-RACE 5|4%) BASP1. NBASP1 UL iz ki) RACE cDNA it i it £ PCR, 43773 2] 360 bp
(1) 5°-RACE 3/~ 4)F1 1 Kb 1] 3>-RACE #4779y . W e Jo ¥ e A9 91 Pf 4, 43304~ 1332 bp
] cDNA 741 (& Poly (A)EE), HrP&H—/ 582 bp MIFFMIUTEAE, i 193 NEIER, &
T A0 A B 2 1 bHLH 87 o 76 TR IO AR JT 6 MNMZ IR AT N T FE R 4L 7 51— NN~
. B Poly (A)R 2 LJif 10bp &b —MIMEES (AATAAA) (K 6.2).
GCCAATCCACTGGCGACCTCCGCGCGGCACGGACTCGTGCGCACTCGATACACACACGATACGTTTTCACACGATACGCG 80
ATGLCGATGGCGGCGATTCACGGGTATCAAAATCTGGGTGTCGATCAAAAACTGACGCACCTGCAAACGCCTACACCGAG 160

M P M A A I H G Y QNULGVYV DOQZIKTLTHLOQT®PTZPR

GAGACTTGCGCCGGCTCCAGTTGACACGACCCGCTGLCAAGAAGAGATCTTATCTTCATCAGCCGTACCCAACCCAGCCTG 240

R L AP APV DTTRTGCIKT KR RS Y LHOQFPYZPTa ar
CTTCGGTGGCCCGEAGGAATGCGCGAGAGCGGAATAGAGTGAAACAAGTCAACAACGGATTTGCGGCACTCCGACAACAT| 320

T
AlS ¥V AR R N A R E R N R V K 0OV N F A A L R O H
ATTCCCTCGGCTGTGACGGCTGCTCTTGCAGGCGGCA

I 7 5 A V T A& A L A G G R

G GCAAGGTAGATACTTTACGGCT| 400
G § § R K L 5 K VvV D T L R L
ATGAANAGCGATGATGGATGTTCAGATACCCAATTAGGGCTTG 480
K R L L DE}JS DD GC S5 D T L G L
CATCATCGGAAGAATCTCATTCTCCAGCCCCATCATTCGTGTCTGAAAG
P 35 5 E E 8 H § P A P S5 F V 3 E 3§
GATGCCTACGAACCCATGAGTCCAGAAGACGAGGAACTACTTGACGTCAT 640
Y b AY E P M S;yP E D E E L L D Vv I
EHQEEAA:SASCC_TGCﬂ?_GAﬂCéﬂAST3GGSCCAT_SAECGSCAAT_GG_GA_T 720

T 560

5 A G P N

ATCGTGGTGGCAACAA

s NoQ .
ATGAAAAAAACGAGTATTCCTCAAGGAAGACCCGATGGAGCGUGAGGEACTCCGAGAGAGCCTCTAATTAAGCGTAATCA 800

GTATATTCCTAATGAGTGGEGGATAATGGTGGACAACGACGAGCTCATCGACGCATTCCGTCGAGCGACTTTACTTCGAAC 880
GAACGCTGCATTTCATACATCAATGGAATAGCAGCTCCAAGACTGAAACGATCACTTGTTCCATACAAGCATTTAAAGTT 960
ATATTAGTACCGCTGTGCCTTAGTTTTAACGT TAGATAGTAAAACTTCCATTAAATTATAGCCTATACAATTGTTATCTA 1040
GTCATTATCT TTAAGAATGCTGTTTAATTCGTATTATATTATTATAATTCGGTGTATGTGGACCAATGCCCGTATTATAA 1120
ATATTTAATGGAATGATCAAAAGCCAACTTACTTTACGTAAGGATCTATGAGACALAAGACTTTTAGT TAATAAAGTTAAT 1200
ATTAGTATTACAAGCATGATTCCTAATAATGTAAGATGTTATTAAGATCCATTGTTACTATTGAGCACTTGGTTTTTTCT 1280
GTAAATAGATCAAAATARATGATTCCTGCARAAAAAAAL AAAMAALA 1332

ALANAMAALARAAL

A

6.2 Br-ASHT E[H cDNA 75| R EMmABREREBRFS. SCMED 1072 bHLH X8k, MEEHE 152 C-am PRy IX,
W%E%W%M%?%,ﬁI”%%%%ﬁM?%Hﬁ%ﬂﬁ*W@?#ﬁo

Fig. 6. 2 The nucleotide and amino acid sequences of Bm-ASH1. The bHLH region encoded by Bm-ASH1 is boxed
with real line and the C-terminal conserved region is boxed with broken line. The Putative polyadenylation signal

(AATAAA) is indicated with shadow, and “I ” shows the putative site connects the two extrons in the cDNA.
6.2.2 & AS-C [EiR{AEE Bm-ASH2. Bm-ASH3 & Bm-ase cDNA B 7= &

1. REERAFIIED AS-CRIRFIIHEL
A AR B 5 Zr Bm-ASHL K A4 4 (1) 85 115 SR R X A S DR ALy 91 P v 5 3L [RIE I
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J¥%1] (http://www.ncbi.nlm.nih.gov/BLAST, insect). LLXJ&5RHAE/NKKIEKF L DNA 74 H IR
KB 5 Bm-ASH1 4 [ it bHLH X7 1R —Eehk o 1X754¢ DNA v BEal UG U4, S
—410 Bm-ASH1 HIEERI AP, Sish =N AREFEF P (8 6.3). & i, KBRENH)
SHEER A EA AN ORI TR B, KN30 720 bp. 726 bp A1 1 215 bp.

>gh AADEO01030307.1 DBombyx mori strain Dazao Ctg030307, whole genome shotgun sequence
Length=3775

(178), Expect = 7e-13

Score = 73.2 bits
= 39/57 (68%), Positives = 50/57 (87%), Gaps = 3/57 (5%)

Identities
Frame = +1

bit
3

Query 14 KQVNNGFAALRQHIPSAVTAALAGG——RGSS-RELSKVDTLRLAVEYIKSLKRLLDE 67
KQVN=GF ALR+H+P+=V AAL+GG RGSS +KLSKVDTLR+ VEYI+ L+<LLDE
Shjet 1714 KQVNDGFNALRRHLPASVVAALSGGARRGSSGKKLSKVDTLRMVVEYIRYLQQLLDE 1884

>gh AADEQO1036667. 1 Bombvx mori strain Dazao Ctg036667, whole genome shotgun sequence

Length=2669
Score = 72.4 bits (176), Expect = le-12
Identities = 36/56 (64%), Positives = 47/56 (83%), Gaps = 2/56 (3%)
Frame = +2
Query 14 KQVNNGFAALRQHIPSAVTAALAGG—RGSSRELSEVDTLRLAVEYIKSLERLLDE 67

KQVN-GF ALR+ +P-AV AAL+GG RGS +KLSKVDTLR+ VEYI+ L+ ++DE
Sbjet 1667 KQVNDGFNALRKRLPAAVVAALSGGARRGSGKKLSKVDTLRMVVEYIRYLONMIDE 1834

>gb AADKO1011379.1 Bombyx mori strain Dazao Ctg011379, whole genome shotgun sequence
Length=10597

Score = 64.7 bits (156), Expect = 2e-10
Identities = 33/56 (58%), Positives = 44/56 (78%), Gaps = 3/56 (5%)
Frame = +2
Query 14 KQVNNGFAALRQHIPSAVTAALA——GGRGSSRELSKVDTLRLAVEYIESLERLLD 66
TQVN+GFAALR-HIP V AA RG ++ELSEV+TLRTAVEYI++L+ LL+

Sbjet 7985 RQVNDGFAALRRHIPEEVAAAFETTNSNRGPNKKLSKVETLRMAVEYIRNLESLLN 8152

6.3 F BnASHI BERRBHERRFI LN REEFAFIIENLER.

Fig. 6. 3 The result of homologous searching silkworm Genomic database using Bm-ASH1 amino acid sequenc.

2. Bm-ASH2. Bm-ASH3 K% Bm-ase [ cDNA RYFX15

LK AT 0 d ¥ cDNA AN 5 % Bm-ASH2. Bm-ASH3 & Bm-ase %:[X] ORF #7414,
K345 2 5 10N/ MHIFE ) H ) DNA FBre PRSI 745 R 430l ¥t 3°-RACE 514, SRJ5LL0 d
ARV 3°-RACE cDNA BT k42 PCR, 257354 1.2 Kby 700 bp. 1.35 Kb [J4 4 =
Yo BT 505 % A ORF JPAIPHE G321 cDNA KLE437°h Bm-ASH2 1 449 bp.
Bm-ASH3 990 bp. Bm-ase 1 695 bp. H:H Bm-ASH2 %45 AN 720 bp [P EEHE, 4ifi 239 4
SR Bm-ASH3 &7 —> 726 bp IFFI A EHE, 4afid 241 NEIERE; Bm-ase & —4 1215 bp
(BT IR B EEHE, St 404 DNEUERR . —ANEEDR Gt (¥ 2 1 5UF 41 A 7 B 2 1) bHLH )7 B
Poly (A)E[L 12 bp. 15bp. 14 bp & MiJEfE"S (AATAAA). 7i Bm-ASH2 ﬁﬁﬁzl‘ﬂiﬁlﬁ}ﬁ
4 AMZHE TR N T RER A A — A S 1 TS8P R WA RN &1 (Bl 6.4~6.6)5
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ATGCTCCAAGAAATCCAGCTAGTTCAAGGTCAGACGAATTACGTGGTCGTTTCTTCCGGATATCCCTCCAATACATTGAA 80
M L Q@ E I & L v @ 6 a0 T N Y VM VM VM 3 S5 G Y P 3 N T L N
TAAATCATCTTTAGAGAAACGAAACGTTGCTATAGCTCCAGCGCCTGAGAAAAATTACGTCACACACGACACTCCACCGA 160
k 3 8§ L E K R N VvV A I A P A P E K N Y ¥ T H D T P P
ATCTACACTACAGGAAAAAGGTGCACTTCAGAACTAATCCGTACACTGGACCACAGGCCGLGTCAATAGCGAGACGTAAT| 240
N L H Y R K K VvV HF R T NP Y T G P Q A A|S I & R R N
GCACGGGAACGAAATCGCGTAAAACAAGTGAATGATGGATTCAACGCACTTCGCCGTCACCTGCCGGCTTCTGTAGTGGE| 320
A°R E R NR V KOV N DGF N AL R R HL P A 35 V
AGCTCTGTCCGGTGGCGLCAGACGAGGT TCGTCAGGGAAGAAACTTAGCAAAGTCGACACATTGCGGATGETTGTTGAA
AL S G G AR R G S5 S G K K L 8 K Vv D T L R M VWV NV E
ATATAAGGTACCTTCAGCAGTTATTAGACGANAGTGATGCCGLATTAGGTATTACGCGTGATCAAGALAATCGGGARA
Y I R Y L o o L L D E|S A A L G I T R D Q E R
ATTCCAAGCAATAACTCAGTTCAGCCGATGACTTCTATTGACATGGATGACGGGTTTTTCTACGGAAG CACCTTG 560
I P 3 N N S8 ¥V Q P M T 3 1 D MDD G F F Y G 3 G S5 P C
TTCAGAGAAGGCAGATTCGCCAGCTCCTTCGGAATGTTCTTCGGGTGTGTCTTCGGCGTATTCGGCTGTCGATCGTTACG 640
s E K A D & P A P 5 E C S 858 GV 5 5 A Y 5 A YV D R Y
AGGTTACTACGCAGCAACAAATGGGATCAATGGATGAAGAAGAACTCTTAGACGTCATTTCATGGTGGCAACAAAAATAG 720
E T T @ @ 00M G{S M DEEEL LDV I 5 W W Qoo kKi.
TT%ﬂ&TCCCCCAGAGCCCAHTCATAGATGGACSTAéCCCTCCGAAAAT_HTTGTSCATﬁAACAEGAAAAGACT”T_ﬁTTT 800
TTCTAGTCAAAGTGCCTTAAACATAGT T TTAATCGCGTATTTCGGATACAAATTCGTTTATGAATTGTAAATGAAGGAAT 880
TAACGGACTGCTCTTTTAATTGTAAGAAAGAAAACAGACTGATTGATTTATAATGTAAAGACTAGTTTCATTGTCG 960
GAGATAATAAACTAAAATCGATATTTGATTTAAAAGTAATTAAATTAGCCGTGTTTCTGTAATTACTTTGTTTTAAAAAA 1040
TAATACATATTTCTTTTGT T T TCAAAAACACATTAGT TCAAAATCGTTTAGGTAAAATTTTTGATCCTCCCATTTARATT 1120
ATATTGTCGTGCTTATTTTAT T TC T TAATATAAAT T TTTGAATACAGTTTTCAAGGTTAAAGARAAAMAAATGCTTTTCAC 1200
AAAAARTANGCAAGCAATCGATCTTAARATATAACCACATTATCGTCATTAATTTTAALAAGTTAGTGAATTCTGTCGTAT 1280
TGTAATTTTGT TACCTGT TAATAAT TACCGAGGC T TTGTAATTAATGCGTTCTAGTAATCGGGTCAGTCGATTTAATTGT 1360
AAGTTATAGGTAGA 1440
ALAAAAA 1449

A
.T| 400

cc AT 480

.
A
D

[ 6.4 BrASHZ E[H cONA P3| R EARADRI R EBRF S . SCAMEH K2 bHLH DX, REZRAE /2 3R 0T - £
?E,KWETMEMFa%yéI”%%%%ﬁMT%Hﬁ?ﬂﬁ*WQ?ﬁHO

Fig. 6. 4 The nucleotide and amino acid sequences of Bm-ASH2. The bHLH region encoded by Bm-ASH2 is boxed
with real line and the C-terminal conserved region is boxed with broken line. The Putative polyadenylation signal

(AATAAA) is indicated with shadow, and “I ” shows the putative site connects the two extrons in the cDNA.

ATGCGCGGCCGETCCGGAGCCCTCATTCACGTCTTACGCGTCGAGACGTTTACACATTATTCAGTGCACATCTCACTGETC 80
Mm R G R PEPS F TS Y A 3 R FRE L H I I Q@ C T 3 c 3
ATTGACGAAT TCGAATAGTAAAATGAT TAAAGGAATTCATCATAAGTCTAACTACACTCTATACGTAAATGA ACCGA 180
L T N & N S m I K 6 I H H K S N Y T L Y V N D
AAATGGTGGCAATCGCACCGGCACCTGAAACTCGATTAACATTAGAGTTGGAACCAAAAAAATATAATTACAAGAACTGC 240
K Mm v A I A P A P E TR L T L E L E P K K Y N Y K N C
AGCCACAACGGAACTCAAGCTGCT|TCGATTGCAAGAAGAAACGCCAGGGAAAGGAACCGTGTGAAACAAGTGAACG
S H N G T A-AlS T A R R N A R ER N RV K Q@ V N D G
ATTCAACGCGTTGAGGAAAAGACTGCCTGCCGCAGTCGTAGCCGCATTATCCGGAGGCGLGAGACGTEGTTCCGGRAAGA | 400
F N A L R K R L P A A V ¥V A A L S G G A R R G S G K
AACTCAGCAAAGTAGACACACTACGAATGETCGTCGAATATATAAGGTATTTACAAAATATGATTGACGAAMGCGATGCA 480
K L s K v 0D T L R M V WV E Y Ry L 0 N M T D EfS D A
GCGCTTGGCATTCCTAAGCAGCCT TCGATAGACTTATCGACGATCAGCTATGAAGCGGATGATGETGTCTTCGAAAGGA
A AL G I PK QP s 1 DL s T T S Y E ADIDGV F E R
TTCTCCATATACGGACTCGGTTCCCTCACCGGCGGGCTCCGAAAGCTCTTCAGGCGTGTCATCAAATTATTCACAAGGLT 640
s P Y T DS V¥V P 5 P A G S E § § S5 G S S N ¥ 35 0 G
ACATTCCAAATTTTCAAATCGAAGAACAAATAACTCCAATGGATGACGACCTACTTAATACTATCTCGTGGTGGCAAGAA 720
y I P N F Q@ I E E Q I Ti:P M D D D L L N T I 35 W W Q E

A EHGAT_AT_GTATCCG_TAATGTCGﬁTGTﬁTG_éA_CT‘GT"“_TT_TTTAGACAAT_TASEGTC_CT_TGTG_AﬁAT 800

320

G 560
]

TTTGTACATTCCCGTATATAGTAAT T TATAAATAAAT TAAAAATACTGTTTACAAGTAGCGGCTGTGAGTAGAATTTCCA 880
ACTGATTATATTCGACCATT TTGTAAATGTTTTTTTGTGAATAAACTTTTATTACACGT 960
AAAAAAAAAA 990
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[ 6.5 Br-ASH3 £ cDNA 73 R EARIBIEEBRFS. SCMED 102 bHLH DXBR,  REZHE Hh K2 81 0T C-gri
S, BRI R

Fig. 6. 5 The nucleotide and amino acid sequences of Bm-ASH3. The bHLH region encoded by Bm-ASH3 is boxed
with real line and the C-terminal conserved region is boxed with broken line. The Putative polyadenylation signal

(AATAAA) is indicated with shadow.

ATGAGCTCCATCGATATCGTAGTCTTCCGCAACGCGTCAGTCAACAAGGCCCAGATTCTT 80
Mm s s I D I v ¥ F R N A S ¥V N K A 0 I L
CTTAAACATAACGAACAACGATCCCAATCAAAATGCGAGACGTGAAATTATAGTTT TAAG ATCCAZ 160
L N I T N N D P N Q N A R R E I 1T VWV L I Q
CCGCCGATACCGTGTCTGTGCCTGCACTGATGEG ATTGAGCCATCCTCATCAAGCGTGCTAGCGAAAAMAAGCAAGA 240
P A D T V S ¥ P AL MR T I E P S5 35 S5 5 VWV L A K K A R
TACCGAGAAAATACGAGT TCGGATGAAACTGTGCGTACACCTACACCGT TAGCGGTCGCTCGACGGAATGCGCGGEAACG| 320
Y R E N T 353 3 D E TV R T P T P L|A YV A R RN A R E R
GAACAGAGTACGTCAAGTGAACGATGGATTTGCGGCTCTCCGGCGACACATACCCGA AGTAGCCGCGGCCTTTGAGA| 400
R v A L R R H I P E E f A A A F E
iy CAGTAAAGTGGAAACATTAAGAATGGCGGTCGAGTACATACGGAAL| 480
K v E 17T L R M A VvV E Y I R N
AAAACACGTCTCGTTCCTGCATGGAATCATTCCCTTCGCCAGE 560
) E N T 35 R 5 C M E § F P 35 P A
ATCATCGTCTCCGAGAGAAAACAGTCAAGAGAGGAGCTATTTCATGATTAGTTCGCCTGCCCTAGAAGAAGAGGAACTAG 640
5 E R S Y F M 5 35 P A L E E E E L
G TTACGTCAGCAGCAGTATGTCGACATTGCAGCCTCAGAAAATTTTCACTTA 720
L R O 0O Q Y VvV O I A A 5 E N F H L
AGAAGAAGGTCAACCTCTTACACCATCATCGGATTTACTGGTTCAAGATGAAGT 800
E G Q@ P L T P S S DL L ¥V Q D E V
ATCCTAGACGCACATTTTCAGTTTC CGCCGAACATTTCTCTGTAATACCCGAACAAAATTACC 880
L D A H o] A E H F S ¥V I P E Q@ N ¥
z ACGCGGATTCCCTTA ACACA 960

GTGAA:
5 E S K ¥ A D

GATATACCTTTTGCTTTGAATCCGGATCTTATTCTTCCCGAAA, 040

S F b1 P F AL NP DL I L P E N
AAGTGACAATGGTTCT T TCACGGAAAACGAAGATTTTTGTGAAGTTGAATTAAAAAAGGAAC 120
1200
1280

TTAATTGTAATAGAATGAAACATACAGCTGTGTGTACCAAGGTGCAAGGTGEGTTGTAACGGTCAATGTTAAGCGCTTGG 1360
CAATTAATGTTAACGCTCCTGTTTACT CTTTGTACATGTTTCAGTCGLCGATTTGAATGTATGTAGGTAGTTCAGT 1440
GTTTTATCTAAGA ATTTATTTATTTAAGTGCCTCCGTG TATTGTTTGTATGTAGTTTA 1520
ATATTATCTCGA X GATGTCTCTAATAAAGTGCCTTAGGATAATGTGA 1600

: ATATGTACATTGGTAAGAAATABATTTTGTAAATTTGCAAAAAAALALA 1680

[E 6.6 Bm-ase £ F cDNA 5| R ERISBIRERLF S . SEEME L2 bHLH X4, B3 W2 in2RE 5.
Fig. 6. 6 The nucleotide and amino acid sequences of Bm-ase. The bHLH region encoded by Bm-ase is boxed with

real line, and the Putative polyadenylation signal (AATAAA) is indicated with shadow.

6.2.3 K7 ASH EF 5 EHth £ B ASH B & B9 [RR M Ebig

o S 2 P ASH J: R] 5 5 05 1T B-ASHLJE PR S M AS-C R PR G i 1) e S 1 1 91 3B A T W) 5t L
RINEFAFERIS) AT — B AW AP OB B2 5 (basic) MBI HERE S Chelix), 71 W BOIZ i 5L
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Jr A A — B S PE R 3R (oop) o 7EREANIE A1 C-3ii W HAA — MRS 16~ 17N 2 IR R 41
B (E6.7).
A bHLH domain

Bmn—-&SH1
Brn—RSHZ
Brn—RASH3
B-ASH1
Cm-ac
Cm—s3c
Cm—-1"=c
Bm—ase
Cm—ase

nEnmeE0m

Fok ik ok

ok =%

B C-terminal motif

SMDEE LL[

i-;n,' oK .

Em-ASH3 EMDDD. A% n-:~<.
E-LSHL  EMDEDEI#AS Wg,
Dm-ac T EDE_I' 00D L
Dm-5c =Rninjia T . DR T SHWOE®)

6.7 K& ASHERF SHURAT B-ASHT EE K RIB AS-CEE RmAZHE R RBIEIR ELE .
Fig. 6. 7 Homologous comparation among proteins coded by Bm-ASHs of Bombyx mori, B-ASH1 of the butterfly
and AS-C of Drosophila.

F6.25 T K Ar ASH I [R5 A B HL ASH JE (R 7E 82 11 /K P b i [R5 %« Bm-ASHL .
Bm-ASH2. Bm-ASH35Efif# H B UK ASHEE AR LLEL, Bm-ASHL S EAT TR RIS PR A fe sy,
H 5 Ag-ASH 79.1% (47.7% )+ Am-ASH 77.6% (50.8% ). Tc-ASH 76.1% (46.6% ) Dm-I’sc 74.6 %
(40.9%). Dm-sc 68.7% (42.0% ). Dm-ac 68.7% (31.6%). LRIV AAS-CLEHE, Bm-ASHL.
Bm-ASH2. Bm-ASH3¥J 5 Dm-I'sc B A7 Iy (1 [FIE T, 730000k 74.6% (40.9% ). 72.1% (31.0%).
72.1% (36.9%). Bm-ASH25B-ASH1Z{HEMR 47 41 RIS P 577£90.3 %, bHLHX 3587 41 ) 55 4= —
o FKAPUASASHIEE PR A EL[A] [F) P57 LABm-ASH2 5 Bm-ASH3 A 5, 491.3% (49.8% ). Bm-ase
55 S Ad ol (1 ase 5 DA EL AT ARG 55¢ e (1 TR) 0 .  bHLHIX 388 [/ Y5 389 7670 % LA Lo 5 Bm-ASH1,
Bm-ASH2. Bm-ASH37EbHLHX I8 [/ 5L 1L 70 % (2L KU =4, 205l £B-ASH1. Dm-I’sc#ll
Ag-ASH.

F6.2REASHERSHME R ASHEFE R ERREIRMLE.
Table 6. 2 Homologous comparation among proteins coded by Bm-ASHs and other insect ASHSs.

Percent Identity (%0)
Bm-ASH1 Bm-ASH?2 Bm-ASH3 Bm-ase

Bm-ASH1 /

Bm-ASH2 71.6 (44.6) /

Bm-ASH3 70.1 (36.8) 91.3 (49.8) /

Ag-ASH 79.1 (47.7) 70.6 (34.3) 70.6 (30.7) 67.6 (19.7)
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Am-ASH 77.6 (50.8) 67.1 (32.2) 63.8 (26.1) 68.6 (25.8)
B-ASH1 73.1 (38.9) 100.0 (90.3) 91.3 (47.9) 66.7 (26.5)
Dm-ac 68.7 (31.6) 65.7 (28.9) 66.2 (30.3) 60.0 (28.4)
Dm-sc 68.7 (42.0) 62.3 (27.2) 58.0 (27.4) 59.4 (21.2)
Dm-I’sc 74.6 (40.9) 72.1 31.0) 72.1 (36.9) 61.8 (27.2)
Tc-ASH 76.1 (46.6) 62.9 (34.3) 63.8 (26.1) 67.1 (28.1)
Bm-ase 67.2 (31.1) 62.9 (30.1) 60.9 (27.0) /

Ag-ase 68.7 (30.1) 54.3 (20.9) 56.5 (21.6) 71.4 (22.0)
Am-ase 73.1 (38.9) 68.8 (26.8) 62.5 (23.7) 71.9 (24.9)
Dm-ase 70.1 (37.8) 57.1 (23.0) 60.9 (24.5) 74.3 (24.0)
Tc-ase 70.1 (36.8) 63.2 (25.1) 58.8 (26.1) 77.9 (33.5)

W SRR EIE R A A FIUE T, 84 25 B RN & bHLH X FIJEPE. Ag: JEU0 (Anopheles gambiae),
Am: FEKFIE % (Apis mellifera), B: Wi (Junonia coenia), Bm: Z# (Bombyx mori), Dm: REHH%E (Drosophila melanogaster),

Te: ZU¥r W RIS H) (Tribolium castaneum) .

6.2.4 R ASH EF B3tk o4

W2 E AN [ B HR) ASH ik DRI 9 i 1) 2 L 12 e A1 BEAT B, SR 5 HI PHY LIP 8RB0 AT 2EAL 4347
JEE G B 4 7K Cn-ASH FIZK BE Pe-ASH A 7EREAL 1) 5 FLB By, i ik 1) Cs-ASH1 I Cs-ASH2
5 B E ASH AZEFRFIKCF b XS a7 N4 $ 2580 (Skaer et al., 2002; Wheeler et al.,
2003), UiBH TR e EENE . 7R R ASH 43R b, BT ase 2E[A (Ag-ase, Am-ase, Bm-ase,
Dm-ase, Tc-ase, ) BET— A0k ase #MKIFER (Ag-ASH, Am-ASH, B-ASH, Bm-ASH1, Bm-ASH2,
Bm-ASH3, Dm-ac, Dm-sc, Dm-lI’sc, Tc-ASH,) MIZEEAE S — /MJ\T)"ZL Bm-ASH1 5 Dm-I'sc A%
o R AR ase JEMBHE FAHXTHGL; Dm-ac At Dm-sc #7145 —2%, X5 LLRTHIRF 50 A
1] Bm-ASH2, Bm-ASH3 I B-ASH1 #% 73 | [f] —AN/Np Ak b, B WX = AN FE R HEAL O R B (K
6.8,

I— Bm-ASH3
Bm-ASH2
I_: B-ASH1
Ag-ASH
4': Dm-I'sc
Tc-ASH
4|E Bm-ASHI
Am-ASH

d 81— Dm-ac
L Dm-sc

Dm-ase

e 100

Ag-aze

Am-age
_E Bm-age
Tc-asge
b 100 [—— Cs-ASHI

L cs-asmz

100 [—— Pe-ASHI
L co-asH
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& 6.8 R ASH EE B, Kk BA I B HRE) ASH JE PR 4l (1 S L1 7 54T LU, SRS b4
AbEE AR 100 AR P EHIAEZ 0B IR Ag: R (Anopheles gambiae), Am: & KA#iE (Apis
mellifera), B: il (Junonia coenia), Bm: Z#& (Bombyx mori), Cn: f#fa/K#8 (Hydra vulgaris cnidarian),
Cs: Pl (Cupiennius salei), Dm: PA§HIE (Drosophila melanogaster), Pc: 7K#} (Podocoryne carnea),
Te: £UBAH GRRIARED (Tribolium castaneum).

Fig. 6. 8 Phylogenetic analysis of insect ASHs. Amino acid sequences are aligned and then the phylogenetic tree is
constructed. The numbers on the branches indicate the number of times the partition of the proteins into the sets which
are separated by that branch occurred among the trees, out of 100 trees. Ag stands for Anopheles gambiae, Am stands for
Apis mellifera, B stands for Junonia coenia, Bm stands for Bombyx mori, Cn stands for Hydra vulgaris cnidarian, Cs

stands for Cupiennius salei, Dm stands for Drosophila melanogaster, Pc stands for Podocoryne carnea, Tc stands for

Tribolium castaneum.

6.2.5 K& ASH ZEEHEARRHLHPHRIES

W5 88 3 d A RNITFaGn: 22 KA AN R A 234 8 RNA, RFEEH 1 pl MO T
RT-PCR. VAZZE Z A Bm-actin A3 1N NS, § I8 akAT 25 AMEF: PUAS H PR 5 1k
17 30 MG . MHLIKSE Bl LLEH (K 6.9), Bm-ASHL Al Bm-ASH2 754 AMEJZ2 h 4547 ik, 1M
Bm-ASH3 1 Bm-ase HAEAMIEZFIPIRERRE, NIRE (MG, ) hEfiRik. WUMEER
E22 i (S-G). Iy (He) FENIfA (FB) "IBAEBNE LW mMIgIRL. EMN (To) h
%ui&ﬁﬂ? (G) TUANEERILA LA E ik . Bm-ASHL 7E4F & 414U (31 e Lh e e 1

N RIR AL, EPA I3 RIE . Bm-ASH2 J2 R IATER ) 1—4, JLT-E SN .
%%?éﬂ,/\%BAé%ai, HARA L AU R IA AR H K. Bm-ASH3 753k 261452518 Bm-ASH2,
AT AR 2% . Bm-ase 755 AN 3 IA FRAN BRI Ham HA KRR, 7EAS A ] 30 A %A

R RIR ZE TR K.

ectoderm mesoderm endoderm
| H | lWD S-G [MT TC BW He FB G M(; RT-PCR
I 1 1T ]t e
V3d S V3d S v3d s V3d S V3d S V3d S V3d S V3d S V3d St So vsd 5 cyeles

E 6.9 RE ASHEREARFHLAFTRIES . RT-PCR AR H1K AL (H), #FEE (WD), £[% (S-G),
LEKE (MT), #8EMN (TC), 4B (BW), IfiLEk (He), MaMifk (FB), ZEFEME (G) Ml (MG); T F O 4
MFRREIRONE; V3d KRS8 3d Y, S KRNIFFGHME2HIRE (LR 588D .
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Fig. 6. 9 Tissue expression profiles of the ASH genes of silkworm. RT-PCR templates were derived from H (head),
WD (wing discs), MG (midgut), S-G (silk glands), FB (fat body), MT (malpighian tubules), BW (body wall), He
(hemocyte), TC (tracheal cluster), and G (gonad) (including T (testis) and O (ovary)). V3d stands for the 31 days of the

5" instar larvae, and S stands for the beginning of spinning (about on the 8" days of the 5™ instar larvae).

6.2.6 Z& ASH EE 7EIEAs % B d 12 Y FRIARS R

WF BN R B I R BE 4R B RNA 1 pg, £ 50555 % cDNA TR s kAR R 4 1%,
BT pl (Z94H4T 10 ng & RNA i) MRdiAT SN 52 % € it RT-PCR. M I& 6. 10 /] LLFE
e, AFENZAEN I AN BRI A it e A7 R W R g F— i, Horh Bm-actin A3 FRJIE(E £ 75
88.2+0.2°C, Bm-ASH1 Z4J7E 85+0.4°C, Bm-ASH2 4J7F 88.6+0.2°C, Bm-ASH3 ZJ7F 88+0.2°C,
Bm-ase £I7i: 85.6£0.2°C. 5t W] AN HATBLF Ry 9 19 . 71 Bm-ASH3 #ll Bm-ase /7 Tm
it 2 1 25 A DO LAk I Ze s AT W R IR, S20GaRIE LT 0, Ailivh A2 PR I S8 ST A it o
FEDIRAT Y 1T 3 e 4738 M e I Sl s A Y P A RS S TR AR 9 S R 8 S IA T i et (8]
6.11), IXECHLW] T 45 Rl FEE.

- Bm-actin A3

Fsoncecy]

Bm-ASHI

i
I}J Bm-ASH3 Bm-ase

6.10 R%&E Bm-actin A3. Bn-ASHI. Bm-ASHZ. Bm-ASH3. Bm-ase E[E 18 K FRBYARRNL .
Fig. 6. 10 Melting curves of the amplicated fragments of Bm-actin A3, Bm-ASH1, Bm-ASH2, Bm-ASH3 and

Bm-ase genes.
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0.175]

0.125]

Fluorescence|
e
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T
5 10 15 20 28 30 EL [

B 6. 11 R&E Br-ASHI. Bm-ASH2. Bm-ASH3. Bm-ase EE Ry 12 ihsk.

Fig. 6. 11 Amplification curves of Bm-ASH1, Bm-ASH2, Bm-ASH3 and Bm-ase genes.

J I 6.1.17 [y E bRy i e OF e ety B, ANl R2 BT 0,995, BLHIZEHEHS
EHL GRZEAD: BATRENREEA € TT 22, SRR Y HRCR AR (K 6.12).

36

4t

Threshold cycle (Ct Value)

& Bm-actin A3
O Bm-ASH]I

A Bm-ASH?2

X Bm-ASH3

O Bm-ase

6.12 RIE Bm-actin A3,

2 3 4 5 6

Log (concentration)
(Copy Number)
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Bm-actin 43y =-3.436x + 36.706
R’ =0.9994

Bm-ASHI : y = -3.5857x + 38.969
R’>=0.9967

Bm-ASH2: y = -3.2763x + 38.575
R”=0.9996

Bm-ASH3 : y =-3.5617x + 38.657
R’=0.997

Bm-ase:y=-3.522x + 40.888

R*=0.9999

Bm—ASHI. Bm-ASH2. Bm-ASH3. Bm-ase E:E 1 HEHIERAE R 2.
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Fig. 6. 12 Standard curves of Bm-actin A3, Bm-ASH1, Bm-ASH2, Bm-ASH3 and Bm-ase genes’ amplification.

Kl 6. 13 &P A ASH JERITE IR IR R B #4155 9 2 25 K Bm-actin® A3 AH L [ AH X ik
H, RRERE 1000 4> actin JEPIFE DIrp H G REER )45 DU% . Bm-ASHL 75 5 d ST — AN g
B (244 copies), LTl JE P RMIHE DUEU Al st 2 2 Rl 3 £i%; Bm-ASH2 76 5 d A5 —AMIEAE (422
copies), MAME 3 d LA —MHACHBI R (233 copies); Bm-ASH3 7t 4 d I3 — AKX
WIIE (75 copies), LUHTJG PRI EHAZIPIAE: Bm-ase 75 5 A NG Hh 314 2 fs HL A7 1 e
PERI—AN, 75 3 d IR R EH RIE(E (382 copies) Ja ik & il T F%, HEI 5 d B HA 55 copies,
ORI R B 8 0 LR SEIE (158 & 156 copies)o 8 d I RZAJALAEAT UN ) A 0], BB A it
I OATER, WIEA IR YA R B4 LR A RIL T (<25 copies). 10 d A AL .

500
— - —  Bm-ASH1
@ ——%—— Bm-ASH2
‘S 400 - — A~ —  Bm-ASH3
3
£
I3
(0]
o 300 -
o
o
h
[ -
(0]
o
5 200
Ke]
£
3J
C
>
g 100 -
(&}
0

Embryo age
6. 13 R&E ASHERE FEERRBIFRILBTHE . EIHEER R IJE 1000 4~ Bm-actin A3 #5 DU H 1)L ¥#5 D%

Fig. 6. 13 Expression changes of silkworm ASH genes in silkworm embryo. The numerical value are relative copy

number of ASH cDNA per 1000 Bm-actin A3 cDNA copies.
6.2.7 & ASH ERE L5+ 5> 1

1. ERERLEWSH
BB YA 5K & ASH LK () cDNA 5414 %) Blast % % () SilkDB % ¥ ¢
(http://silkworm.genomics.org.cn) (Wang et al., 2005), 32| T &ANFEKEX WV 1] scaffold, 7351 A
Scaffold002070. Scaffold007910. Scaffold013050 FI Scaffold000880. XU scaffold (1)K Ji 43
h 39 751bp. 18 248bp. 10 194bp 1 53 622bp. Bm-ASH1 JFM 5 HE S5 4 6 bp 44— 1 167 bp
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N 15 Bm-ASH2 JRUR BAE S 2 4 bp 447> 191 bp N1 Bm-ASH3 Fl Bm-ase ¥ [l
FEHI A A TARAE . &N SRR R IR AT N S A A & FAEAE (6. 14).

Bm-ASHI

80bp 58bp  6bp 641bp
100bp
"1 1300

(-) L 1 |
I
1 1167hp ? 39751
3000bp

| I

Bm-ASH?
7201 4 605
100bp = s =

1 1419

()L
1

10006p 1910P

[E—

T

[ |
5 18243

Bm-ASH3 72 235
" 30bp i =
= 61

(_ |

1000bp

| I—

-0
o -

10194

(=3

- 121 45
Bm-ase 100bp Sbp 4bp
(]

1 1669

) H
1 9

5000bp

)
.

53622

o
0
-

-2
-3
-3
.

[l 6. 14 RE&E ASHERGEHIE . ORI AL, SR 78 cDNA g hh ik, Fe 4L jmm i« + 7. “ =7
5271 SilkDB i 2 I 1% T cDNA S IERES G 5E; “? 7 SR scaffold A7 IlE X BL.

Fig. 6. 14 Genomic structure of silkworm ASH genes. Red stands for the ORF region, and yellow stands for
non-coding regions; (+) and (-) shows the giving genomic sequence in SikIDB is forward or reverse. “?” show the

region unsequenced.

2. X% Br-ASHT EERIEE LA Southern 734

15 R T IR0 58 B2 W7, FRATI6T Bm-ASHL JE P HEAT T JL 40 Southern 437 (& 6. 15),
AR 214 I 4601 — B BRI 20 3 97 435 R i BamHIL. BglIl. EcoRI. Xbal £ Xhol 4351 % 3 K 41 DNA
gL, J A LA 3°-RACE ;=9 N EREF AT 2438 o M ZMAS 45 IR T LA B & Y Bm-ASHYL JiE [RI 7F 5 A
RO DL, EIE ORI B AR R R MK IE N AT 41— (Mita et al., 2004; Xia et al.,
2004). Kl B A C 23k B AR ZK 2R S, BgILL (145 5 R 7 A (] b -z [ (e B o 44 il 1)

(DAE 250
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A EcoR T (321) Bg."II (1317) EcoR | (1869) Xho | (2710)
/ | ——
/
The probe
305bp 645bp
B C
BamH1  Bglll EcoRI Xbal Xhol BamHl Bgill EcoRl Xbal Xhol

21,226 — . I I 21226 —

5,148 .
4,9?3> 5,148

et
- 49732
4,268 -_ o=
3,530— - 3,530 —
2,027
= o=
1,584 — 1,584—
375—

1,375— - bt
947—
947 — 83] —

831 —

564—

564

[ 6. 15 K& Br-ASHT EEBIEEL Southern 547, A. BREFMWBRITFIEGUIL s 3ERE: B M1 C 2R BAWANAR
FK&EMM Y- 1 AsD ) Southern 22345 R .
Fig. 6. 15 Genomic Southern blot of Bm-ASH1 gene. A. Design of the probe and selection of the restriction enzymes. B

and C are the bloting results of two different silkworm breeds JY-I and sl.
6.3 i1t

A CEAVFZ M AEYNEERZA P22 TIE, Hdok AR ARG B0 20 4 70
X Ohno (19700 HI Lewis (1978) #& 1 R AL kb 55 ik I H AR IR Ui B2 41 1 UEH (Skaer
etal, 2002). FAZ DA HES) P IEAR AEREAT FE R Ay G ik 12, IR 20U, S
o R 2 8 DU PRGN, TG A5 HES) 1) 1) () Y DT Lt s DL, R DR AT e 2 BV R AL
ZAEME, RO EE A A D R AT 1R Rl ASRABT R D Re, i H At iy AT A6 R 5 () S s Th g i i
28 JLIK] (proneural gene ) J2 i A= Bl W) 3540 ik T Hh 28 st 25 PR S 5 R0 93 8 T K 1) — MR R IR 2 DR 5%,
BTG HAT bHLH 27 IR sk R, RS 40 T 4 Ak ok HA h 2098 e 9 40 B -t e o 20 4 i 1)
KM (Brunet and Ghysen, 1999; Chan and Jan, 1999). achaete-scute complex (AS-C) Hi&iX4~ K
F I — R

VP2 B HRIE R AR B HCRYE ) AS-C R4 L K] (achaete-scute homolog, ASH) 73 21| 1w .
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& HORUE ) ASH FEBEL I RE P22 g T IR E L Fiff (Skaer et al., 2002; Wheeler et al., 2003). Ji
Wz /KeE A — ASH 2£[K (Grens et al., 1995), 45 B HURYET ASH ﬁllﬁﬁlﬁﬁ(/\*ﬁﬁA
e o —21, P e Boe o ASH SER AR SE . F ORI b 8 A A ASH S5,

JE LS B RIRI—A> asense FER]; 3X A ASH J A A —N8 4 A (R EAL AR B o o B e ASH Jil
RS —IREL A (& 6.16 a). LN EAT PN IR A2 3L Cv-I'sc AT Cv-sc f—> asense B[],
KL RS S (8 6.16 o). FERLLINE N 2 tH—A> ac JEH, X ANFERY R 5 =
RE AT (B 6.16 d)o WK BRI TS, s EAETRA, eWamA ASH
B, AR IR, 5N Th RIS, asense, (HUETEREA BN T R ALz A (18]
6.16 b).

ac/sc genes

Ancestral b 2 _! o -l_ el Cupiennius
state
0 0 B (rribolium
N | Anopheles
Key:
L e BN B |Ceratitis
I Proneural-like functon @ f§ _ QR = || "=========
I asense-like function
w—— Linked & Drosophila

=== Linkage unknown
B Inferred ancestral ac/se gene duplication

@ Inferred proneural gene duplication

6.16 ac/sc BEHUBEXE. KOLRFEMAILR, REXR asense-like LK. (7] H Wheeler et al., 2003)
Fig. 6. 16 A Model for ac/sc gene evolution. The ac/sc genes, their developmental functions (proneural-like, gray or
asense-like, black), and existence in complexes have been mapped on a standard species tree (Maddison et al., 2001).

Branch lengths are not drawn to scale. (Refered from Wheeler et al., 2003)

EBBRATC IR 7% (Xia et al., 20060, MFEATH a7 PYA~ ASH JERH, M Gahd 1)
SRR b — N & T asense KE[K, 444 Bm-asense;  JiAh =AM JE TR, w4k
Bm-ASH1. Bm-ASH2. Bm-ASH3. Ll H DLAMK) B L ASH BEPIAHLEL, S AT DY~ Bm-ASH JE A
BILL Bm-ASHL 5 & AT [R5k dg i 11 Bm-ASH2 A1 Bm-ASH3 [ [l Uitk X J2& PUAS Bm-ASH 3 Al
Z A ), bHLH XA AP A #) 91.3% o IR FRATIHEN X 22 1) ASH JERIZEHE(L & )

TERES R, K qﬂmn&ﬁﬁ—ﬁ\% Bm-ASH2 H1 Bm-ASH3 Z[A] {1704k, sl il =~ 5K e it pi
Z3EA T Bm-ASHL S AN BRAA T —AN o EAk Ll H RS0 H 7 B H A 40 J T AR s 45 1
ANH, FFHIRG RN B (fﬁ?'f“%ﬂﬂﬂg, 1999, SR FATTENAS REHE 5K A (1) = i p 22
DA 5 SRR PR = A SR 2 SR DR — 3 I, WO iy 44 AT AR 4 FRR IR U AT o A ARG 25 1 XU H
B e FUE A ASH BB, BRI 2 7 ASH 5 PRI () 55— N o5 = YR T 53 5 R0 10 2 A L Bk ST
1 (K 6.8c¢c,e)o
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XKAx)E T Aikt, W Junonia coenia A BRIER}E, T FH L BT CRARGAIAN, 1999;
WL RN F5 24, 2003) . B-ASHL I Bm-ASH2 2 1) £ 11 4% 741 [RIJE P i34 90.3 %, bHLH X 5
M2 100% . o] WA ASH FERZEREAL FE AR IE . BUEHEWT, Junonia coenia & /bt —A>
asense FRALEEPIHI—A Bm-ASH1 RAUFERIAT 15 2 e b . M H B a9 H B 20k
B R e B R T AN R LR A asense A 38 ek A A U R 40 £ TR b
ILH AT e A RIS — A 2 JE DRI — asense JE A Chttp://www.nebi.nlm.nih.gov/BLAST, insect).
2/~ ASH JE[RIE A 700 H A H B i A AR ) B R h AR IX R I 5 2
SRR AR IR A ), 5 BT 5 2 104 5% ASH JERIRIF 7T o 78 Foqth OV EAT A 3L R 2100 1 1) R it
t, RILEE) ASH RIS AHIER) s KA MIVUAS ASH JE R 43 )48 28 5% A B R 415 41 2

(http://silkworm.genomics.org.cn), 342 T VUML) scaffold, {HEILIAREM HiEH:, WIFHD
FEDRIAHIE () P AR B A M, SR AR DU A FE DR 3 51 T AN R G Ak B n] sedk .

AT T R Bz 1T OKEEIAFIZKERIAS, a1 T R B R4S Ko,
W24 IS H A WA MR SRS 2 RN RN RIS,
BRI (NSAS. AR ANERAA 2024 ARTOESAS . BEL 24D 384N ASHEE
Dl g5 (1 £ 1 BUF 81 (B16.17) 0 REANEE FUSUARA — AN B DR S (WbHLHAR P, BRPT A It asense bk
(K ZM-ASH3. M-ASH4. Hs-ASH3. Hs-ASH3’ Fl1Hs-ASHAA HoA L P4 () C-sifi 2454 — B AR A4 51 1)
RHRM T4 (HrpCs-ASH2, XI-ASH3aFIXI-ASH3b & 5 P 25 ) . B HUASHIE [K g fith 25 11 1) C-it 1)
HA16~ 172 R A B 7 (1816.7 B) s P HES) ) KU IASH £ Cs-ASH1, Lf-ASH. Asp-ASH
5 R C-IAa —/NBAPEEIR = o NDm-1sc I PDDEELLD) o {E 3 — 21 /& Cs-ASH1. Lf-ASH.
Asp-ASH 5 B HES) P U I ASHAE C-diig 2 A A e (1) [R1 5 s JUHLF-ASHAHAsp-ASH,  $L 4 fEbHLH
DA AR R N- 3 38 A — B K 29204 20 2 12 (1) 5 8 ME 2 W) ASH i 55 £ 53 IR 7 41 6 )3 Asp-ASH [
PEMRCKRRINFAQLGYNLPQ). MEL E5r#r 45 RoKE, Wk 2 M IASHIE R /EEAL Y
BHESIYEANLL . B C-3t AR ST 751 IM-ASH3. M-ASH4. Hs-ASH3. Hs-ASH4FIHs-ASH3’4
B A Plasense (1) D fg, WUt BAE i 55 3l vh B IR pp 2 JE R A1, asensedi PR AR dE A6 i A1 B A
R EG A, XL BRI LU 78 FIIE S o

CUA AS-C JE R F WA RG R B A K, (WA IR LM P94~ AS-C JERIE KA H
fbIhRE, 40 scute ZH MRV E R I'sc ZHNIRRARRIE; achaete W55 [REIRKEH
%o FATH RT-PCR Kl T K EARHLF ASH FKIAHHEN (B 6.9). 455 %L Bm-ASHL Al
Bm-ASH2 JE Rkt 0y )2, AR &2 T 347 4 s 1 Bm-ASH3 Al Bm-ase U ANTEN IR (MG,
i) thERis, Bm-ase 7E &AL HFRIA R, X 0] A& K Y & IE Bm-ase 141 42 T
o0 B AN M, XA LA BT 3 11980658 f RT-PCR &5 S ] ASH J R 7E 5K 2t iR
SR B R Y EE A (0, Bm-ASHL Al Bm-ASH3 JE K BIZE IR i R B 1 5d F1 3d H
Wik, {H Bm-ASH3 JE[A mRNA #£ DUEURAG: 110 Bm-ASH2 JI{E 3d F1 5d % Hi3L— Mg
i (¥ 6.13). CAIRMEHPRZ GO0 T AS-C B 345 2 U [AIE T 1) (Campos-Ortega, 1998;
Alonso and Cabrera, 1988), RIHFRATHEN Bm-ASH2 HIThEEAI N V2, I HANERIThEED i 22
Bm-ASH1 5% Bm-ASH3 1) 1p[A]; 1M Bm-ASH3 4 /F i fe e At LK) B R, DTy HAT AH =44 FRIK D
JWIY asense DA A EEPUEWIAE O e A T A& 40l b K& (Dominguez and Campuzano,
1993), Bm-ase [ IA I AH U WA 75 5K 2 i A & b R o ml B A1 BEAT P XA R IR RS RGEK & ] o
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6. 17 FEIIFRIRAY ASHERRBHEARMEIRES . Ag: JEIC (Anopheles gambiae), Am: = AF)%
% (Apis mellifera), Asp: E¥HE D[l (Archispirostreptus), B: it (Junonia coenia), Bm: ZXZr (Bombyx mori),
Cn: 7KUY (Hydra vulgaris cnidarian), Cs: #irdiiffisk (Cupiennius salei), Dm: HEJE % 4% (Drosophila
melanogaster), Dr: ¥t (Danio rerio), Gg: £LJ5i%% (Gallus gallus) , Hs: £ A (Homo sapiens), Lf: KX
YRS (Lithobius forficatus), M: ¥2E/N5 L (Mus musculus), Pc: 7KBE (Podocoryne carnea), Pt: XS (Pan
troglodytes), Tc: ZLMH Ht (FRIAH) (Tribolium castaneum), X1: JEYHJKEE (Xenopus laevis). &ANHEK 54w
figh (¥ 25 (9 LK) GenBank % 5 (Accession No.) 4374 : Ag-ase (AAAB01008963). Ag-ASH (AAK97461). Am-ase
(XP_393664). Am-ASH (XP_393665). Asp-ASH(AJ536345).B-ASHI1 (AAC24714).Bm-ASH1(NP_001037416)+
Bm-ASH2 (unregistered). Bm-ASH3 (unregistered). Bm-ase (unregistered). Cn-ASH (U36275). Cs-ASH1
(CAC27516) Cs-ASH2 (CAC27517). Dm-ac (AAF45498). Dm-ase (AAF45502). Dm-sc (AAF45499). Dm-I’sc
(AAF45500). Dr-ASH1a(NP_571294). Dr-ASH1b(NP_571306). Gg-ASHI1(NP_989743). Gg-ASH2(NP_990280)-
Lf-ASH (AAT99570). Hs-ASHI (NP_004307). Hs-ASH2 (NP_005161). Hs-ASH3 (NP_065697). Hs-ASH3’
(XP_935353). Hs-ASH4 (NP_982260). M-ASH1 (Q02067) M-ASH2 (NP_032580). M-ASH3 (NP_064435).
M-ASH4(XP_993416).Pc-ASHI1(AAN85110).Pt-ASH2(XM_521719). Tc-ASH(AAQ23386). Tc-ase (AAQ23387).
XI-ASH1 (Q06234). XI-ASH3a (AAA18499). XI-ASH3b (AAA18500).
Fig. 6. 17 Homologous analysis of various ASH Proteins. Ag stands for Anopheles gambiae, Am stands for Apis
mellifera, Asp stands for Archispirostreptus, B stands for Junonia coenia, Bm stands for Bombyx mori, Cn stands for
Hydra vulgaris cnidarian, Cs stands for Cupiennius salei, Dm stands for Drosophila melanogaster, Dr stands for Danio
rerio, Gg stands for Gallus gallus, Hs stands for Homo sapiens, Lf stands for Lithobius forficatus, M stands for Mus
musculus, Pc stands for Podocoryne carnea, Pt stands for Pan troglodytes, Tc stands for Tribolium castaneum, X1 stands

for Xenopus laevis.
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FtE RELBR PRI scaleless e B FH BRIV S

it

Ll

HT LR AT A S R0 0 A= 027 1 o0 AT T X A ol 3 58 A8 1k scaleless SRR AR, ©&
] R R SR AR AR (R R, T R R D) A, T AR 7 Gk fE R, AS-C BRI
T B NI A A W3 H R A 5 B NI B G 5 R U 458) (Overton, 1966; Overton,
1967; Cubas et al., 1991; Skeath and Carroll, 1991). Wiirh B K Th7al% T AS-C 1 [RIYF AL R
B-ASH1, Jf FLAF ST W 5 1 6% 1y 1) 70 Bl G PRI FR R A K (Galant et al., 1998). S HEE
ZARIE N F APy FER) T DA ASH SRR 7R DL ERFFTRISEAL b, ARE K A i I A T
53§t Bm-ASH JE[AI 7T scaleless S8R AL T-BF AL T R A ) R IA 22 5, FFaE— 4RI S 22 52 1)
J PR P B scaleless & A TG i 58 AR R ALK 4 1 LI

1.1 57 *
7.1.1 RE

KAl 7532, 3%, scaleless 2y [F AV B B AU R A7 . XAk 1-4 4 i

(PEFRES) (R, 1991) PURRRMARHE AT, 5 WERINK SR &E T 25C. 70~

80 %6 FHXE B2 45 A R I FR I REAT SZHG o 77 scaleless 5848 4 Y IR o Z i A5 Ak 6] 28 b v [ A bR A% e
IR B AR F e (B 7.0,

WT (SS) Xsclaeless (ss)
Fl (8s) XWT (S8)

sclaeless (ss) XBCI1 (88), BC1 (Ss)

[1]
/r--r--im- 1] i—b WT (S8) XBCl (Ss)

A Wk Wtk Batk=1. 1
Ciliio CIRED

sclaeless (ss) XBC2 (85), BC2 (S8s)
[EXi | v » WT (SS) xXBC2 (Ss)

FE Ay Pk WAk Batk=1: 1
(i C{RRD

BCn

} e

MG A e ks [RfE=1: )

#mw

I REIN 2 WS

7.1 7% scaleless REFBMREIAFERRBILIREE . WIF S HRRBENA, 11 FoRIEE m AL 5
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AR AT, CAERIERE, FEIRERE.
Fig. 7. 1 A sketch of the construction of near isogenic lines of silkworm with scaleless wings mutant phenotype.

Letters in parentheses stands for the genotypes.

7.1.2 M5 Rk

KIGAT I K E. coli DH10B HASZEG S RAF; T il JURLE & pMD18-T 1l A K& = EW 1
/A w]; pGEM-3Z. pGL3-Basic. pRL-CMV #4434 [ Promega A 7).

7.1.3 ¥ FEE RT-PCR

Lo il 5 ik 22 AR BRI i )88 LA L RNA, - JFEAT S %

2. MRYREOGEI LR PRI, B BeE 300~400 bp Ao A E BASCEE TR
cDNA J BT PCR, 473G 18 MG . § 3G RN 20 ul.

3o MR 5 nl AR 1.5 % BRI e g AT W vk, A 1R 38 B A RS 1Y) 2/3 AL IRk HLK

4. BoPE N EEFEE (Chomezynsk, 1992):

HLVKBF IRBEIRSAE ddHLO ISR IR, SRS AEBR I 2 15 (3 M NaCl and 8 mM NaOH) i
1010 min, [FINEIJE . A PIHBCE S ROKEE (4910 em B,  LEPEA‘G R
TR TR UELR 6~8 J=: W LJe e, BBl T L, B B RIS SR
(PUEAR (URAR—EARE R TIRI, VARTRE,); f bR BCEK IR AREZb AT, Wi #- ANJ J
o B 1~2h, HUF, TR, Bk
5. 1% 6.1.16 IEARAS VR BRI .

7.1.4 JRAIZeaL

1. ATFHI=REAY4ER DNA B =
¥ K #x) ASH JE£ X /) ORF ¢ [ £ pGEM-3Z Jivki 344 rh, I %5 s HAHXF T7 JH3h T/ 5 1
FiH T7 RNA BAHFE S, RS IERE RNA,  SeE i %E s 00k RNA. A5 P 403 10 BRI 1
W TR TR AR Ze AL . T T7 RNA SRS BT A 10 IS SORE R AR N TR D) 11~ 2 575 H i o
WA LUK T7 80 SP6 45 )0 8 1 Fe 41 vk B9 M9 S R R ) 5 1) 573, PCR 9719 Ja 2 4lifb B
F FHAE 3 SR ABE AR
2. FERUEHEIRSTROFIF
(D R¥EpdilfE (FR2AFD W B TSR bd,  RNAERWT:
DEPCAbEE/K: 9.5l
EMEALIIRR (~1pg) + 1.5ul
10x DIG RNA Labeling Mix: 2 ul
50 mM DTT: 2l
10x T7 RNA polymerase buffer: 2 pl
T7 RNA polymerase (20 U/ul): 2 ul
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Rnase Inhibitor (20 U/pl): 1w

Total volume: 20 ul

(2) F%LL L NARRIBAT G 37°C OV 2 h( N2 90 min B 1wl S B FE K, A I SR ) .

(3) JHIA 2 pl RNase-free [) DNase I (10 U/ul) H4L#EH DNA, 37°Ci#iE 20 min,

(4) A 2ul 0.5 M EDTA (pH 8.0) &1LV,

(5) B 2.5 ul (1/10 468D 4 M LICl, 75 pl (3 f5AFD 20 CHA MK LEE; -20°CTHUE 3 h.

(6) 4°C, 14000 g &> 20 min.

(1) F# Ei&, MA-20°CHIA I 70% LB 100 pl Pk iiie .

(8) 4°C, 14000 g 25> 5 min.

(9 7 i, =T 10 min.

(10> H 50 pl DEPC Ab#7K (257 Bt i RNA

(11> B2 pl HLyRATIAR C R -

(12) BEhRic U PR B B IR 45 2240 50~ 100 ng/ul, 5335 )5 -20°CARA7 45 H

3. RUuURAXRITE

(1) FAWHALEA R BAEREEK (0.75% NaCl) H il

(2) K5 H 1) 20 2B TA IO 9 B 1l ) D] 5 et [ o 2~3 he (B 4°C T A
W WRASTZRVEAT R sEE, [ AL n A2 8 ME buffer H1-20°C AR AE. T
T 285K (90% —80% —70% —DEPC ALBE/K 42 2 min).

(3) H PBSTo» ¥0E 3 X, HEK 5 min.

(4) MWD 20 pg/ml 5 AR K 37° CHH AL 15 min.

(5) IR N 0.2% (m/V) HZEER (Gly) Wl &MY, FEiEE 10 min.

(6) 4% 2 58 F I [ i v P #1552 30 miins

(7) PBSTo, ¥t 2 ¥, X 5 min.

(8) AT (HS) ™ 45°CHilAAL 2 ho

(9) JIA 100-500 ng #REF 3, 45°CHATRI (M 2448 24 h LU,

(10) Z8A8 LR I ALZ3 ] PBSTo, 75 37°CIEE0E 4 ¥k, IHE 41514 10 min, 20 min, 30 min, 30 min.

(11) 7E£ GB-PBSTo, (% 56°C Ky 10 min ] 5% F 1135 A1 2% BSA) Haiift 4] 2 he

(12) FfEH GB- PBSTy, 500 {547 () DIG-AP Chs P i BR B b ic (T DIG-2f Fab F BEURIFLA)
H13¥2 2 he

(13) PBSTo, ¥t 3 ¥, 44X 10 min.

(14> 7E NBT/BCIP W& th, i leafRfr, i (A HARE DL e .

(15) FERESIN b, HHmmE ), SbBus.

AW
[ 2 (10 mD):
414y TEAT IR L N WL
DEPC #b#EK 7.96 ml
FH 37% 1 ml 3.7%
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Hepes (pH 7.9) 1M 1 ml 100 mM
MgCl, M 20 ul 2 mM
EDTA 0.5M 20 ul 1 mM

ME buffer: 90% Hi#, 50 mM EDTA.
PBST,: Tween20 %1 1 XPBS £k E N 0.2%
AR K. HZ R R buffer: 0.5 M EDTA 100 ul F1 1 M Tris-HCI 500 pl % T 50 ml DEPC Ab#/K .
4% 2 B LA i FREL 2 ¢ Z R FEE%T 50 ml DEPC AbHEf¥) PBS (pH 7.2) ', 60°CHfiR4
B
FAZW (HSD:
20XSSC: 250 ul
MR 500 ul
HPFHA:  20mg
&8 (20 mg/mD: 2.5l
£} tRNA (10 mg/mD: 10 pl
fi: 5 DNA (Smg/ml D: 20 ul
DEPC #b#/K:  217.5ul
S 1ml

7.1.5 R HYmpaiRiE

1. AR

{804 S ARG 15 em’ BEFR MR R IR FRIE, DN EERT R L, 23 SRR A5 AT I B 40 g
A3 V& AR 40 B A5 2 T 1:2~3 (¥ A9 40 BRek i v e 7% BB i, AN & 1) TC-100
SEARTFRIAE LA 3~4 ml. H 27 CHFE.
2. {RRERYERTE

O BE I A (AF05 4 97 ~98% ), HIZS KA T EEAN i, RN 15 ml B0
1, 3000 g 2.0 5~6min, FF E3E, MA@ AR TC-100 $57R 5L B &40, ekt oot
H, ALY BEIAE] 0.5~ 1.0x10/ml, IIANZEARR TR AE BRI 5 (G JRBRAT K75 20
% DMSO MI5E AR FRE), UK FEAE . #4082 A h G IR 1 mD, AR5
PR B TR S, B8R RANM. SEION-20'CUKA T 2~3 h, FREEFE 2-80°C KA
W, AR BT WA
3. HRERIE R

ORI A P RAE A IR, T 37°CoKify, RRIES), Frffrios b 5, IR R
TP HNEE, AR I B N A/ 5 (AR . BB 15 em® BEFRIUH 078 (4°C) Bt
TC-100 5EA 53, A EAELE 2 min WIS 1HAIME = TIGEE 1 h, RGBT 27°CHs
FEFEHRRETE 2~3 h, FRANMNGEE S, SH¥RRTIRIL. MRIRANIRA KRG, BEATHR LA, DL
VE¥)Z % Summers 1 Smith (1987) 445 T W4T
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4. HRRITEL
FHAERVHHOBEAT 40 M A, AR 40 % S e 1 A5 1 PBS #RE, ek, THE 3R

PR A2 A0 M B 0.4 ml, S0 0.1 ml GWHERE (0.2%), RAHSJGAE 2 min KRN

BN BRI b, SO DU AN R T b A 5 40 AR B0 M B G TR AN RIE W k5, TTAE

20 P e % R £

5. [fi DNA HHAERIA NS4 B Hehfe.

(1) FEFhZ10.5~1X10° 41T 15 em® B0, 27°CIMGRERE FRIE 9

(2) B2 FBS (AR ) EsgR%s, 1 1.5 ml LIS R FE3E0 I ams vk, FHnA 1.5 ml &
MR CRAE KR h S H P 42 277C).

(3) ¥4 5 pl JRFUARE T @ AR KB K, SRS IR G R F0RL DNA, RRIRA] G i
B 15 min {F A5 7 A DNA. BEFEE QLSRN %4 1 pl (0.125 pmol/pl), HHX
YA W2 98 B MR 25 TR pRL-CMV JEEELE N2 (0.0125 pmol).

(4) W FE Y BOR TN BIREF S, g s

(5) 27°CH:FE 4 h Ja st Lo YU GG RE 9755, NN 3 ml % FBS [R5 775

(6) 27°CEEFRIE I 7] FH Tk o a8 40 #7
G IORE S BUR 22, AT 12 FUBRER 24 SUBACRR G IO, 40 B N R L I it FH ok 4

P LTI AR HE S

6. ZAREHISBRFNII L REGE BN E

(1) %% 48 h Jof Wi EE4H WS i ke, #EN 1.5 ml B0, 4°C, 10 000 g &0 2 min,
7 L3 BRRE AR —BOE RS, 7 L.

(2) H 1 mlPBS FAE4IM, 4°C, 10000 g Z.L» 2 min, # i wE XK.

(3) #% (Dual-Luciferase Reporter Assay System (Promega)) i B 1524 41 Jit0 - 2 5 6 22 Bl v
PE.

7.1.6 DNA S = TRISIAN

Lo DUSSRAR S ek 5 14 AmF FIAmMR, 5838 IR [F IS BV E AN S IR 91 AmF
MAmMR /04 20 MEEEG AN, TANFEFITH G+C ADT 10 4. FERTHEEY HHHR DNA 4
K519 F R R.

2. DIfFZRAE DNA N, F+AmR K AmF+R K544y HIHEAT PCR, PCR X N ielf F pfu 255
{fF DNA AT . § AL T 30 MG,

3. PCR P=WIRRIAI, 43 5% TE & ddH,0 ' CANEIEIR) . BiFl PCR =44t B AE 7] — 1A &
TR, FEAINT G OL T AR 1~3 AMEIR: AR5 T14) F+R k4418 30 MG

4. B2 PCR =Y. SO FREATINT, BOUE SRR 22 S R I G IN

7.1.7 AR DNA By K 2412

1. PRECATRE AT 3 ml &i&E Amp B{ Kan [ LB AR FR T, 37°CHRG R TR
2. HY 100 pl i A3 FR iR T 100 ml LB i85k, 37°CHRG T % .
3. 5000 rpm 0 5 min WEERE, 3 ml %W T BIFU00E, VK# 20 min.
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e A

11.

12.

6 ml ¥ IL, TN 500 Wl &4, BHREIERA G UK 15 min.

B9 ml L, 2R % 5 UKy 20 min.

12000 rpm &0 10 min, FIEBARE, 0 0.6 AR R AR, WA 5-20°CHCE 20 min.

12 000 rpm 520> 10 min, JT3EH 1 ml TER (% 20 pg/mL RNaseA [] TE)#%i#, 37°C {4k 30 min.
FHAEARBUOR® . 2RI/ S/ 5 K (25:24:1) G #-4hde—k.

s 173 4R 8 M NHsAc Fl 0.6 AR ) S NI, 51 55-20"CTHCE 20 min.

. 12000 rpm 20> 10 min, POIEFHIA I 75% LBEVE—U, FElT; FJ 0.7 ml 1 X TE buf %ifi#

UUE, MAGEARRUN 1.6 M NaCl %9 (5 13% PEG), #iFE 20 min.

12 000 rpm 5.0 10 min, JUHEFH A 75% LBEVE—IR, FEBiT; H 0.45 ml 1 X TE buf %
DUBE, I 1/10 FRRLH 3 M NaAc (pH 6.2) Fl1 2 FAAAR LK L/E, -20CHiE 2 h Lh .
12 000 rpm 5.0 10 min, H] 75% SEEEG—K, HATERDOE; DU T 28RN 1X
TE buf 1, -20°CHR-A7E& .

W 7. 28 6.1.7,

7.1.8 REWBZLEZERDIHIE (Blough et al., 1999; Feng et al., 2000)

L. fRFIDERRUR AL 50 mg, I 1 ml FivA ) PBS; F B BEAI 3R 28 fE vk LoI 3% .
2. 500 g B5.0» 2~3 min YUHEANML, 3% B3 DUGEH 400 ul Filv4 1) buffer A, #&¥% 15 sec {417
3% VK TSR 10 min.
3. ¥&¥% 10sec, #RJ5 4°C, 16000 g 2.0 5 min; FF EIEBAFE (40 TR E D).
4. PUHEH 500 pl A1 buffer C #3% 15 sec HEak; VK 30 min, 10 min $%3% 10 sec.
5. 4°C, 16000 g 25.0» 10 min, SCEPKE BiE (S ED) BB —ASHRTe M08 g,
6. HIFRLFEE E-70°C LR R A
VIRTC 7 -
buffer A (P 10mD:
Hor AT B A LR SE /U
ddH,0 9.76 ml
Hepes-KOH (pH7.9) 1M 100 wl 10 mM
MgCl, 1M 15 ul 1.5 mM
KCl M 100 pl 10 mM
DTT (dithiothreitol) 1M 5ul 0.5 mM S0P
PMSF 0.1M 20 pl 0.2 mM Iy

buffer C (] 1mD):

iy AT B (A LR E T
ddH,0 641.6 ul
Hepes-KOH (pH7.9) 1M 20 ul 20 mM
Glycerol 25% 250 ul 10%
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NaCl 5M 84 pnl 420 mM
MgCl, 1M 1.5 ul 1.5 mM
EDTA 0.5M 0.4 ul 0.2 mM
DTT (dithiothreitol) 1M 0.5 pl 0.5 mM S0P
PMSF 0.1M 2l 0.2 mM FH AN

7.1.9 EEERPEE 5 H

1. FAYE#RETAY DNA HERBOESR
(1) WURAREE DNA &G R, W2 i ikl . 402 PCR =)Wtk 5 1t 5N —
ANEEUIRT s A (NP I BEWRIS dATP) o PR Ry SESG H BT FH R BT KBS (<70 bp), i)
VSkER D
(2) UG AR KR AR SERZ T IR H] ddH20 BTl 50 uM i H
(3) ¥ MR FK RN TR A

ddH,0: 50 pl
10 X DNA oligo annealing buffer: 10 ul
DNA oligo A (50 uMD: 20 pl
DNA oligo B (50 pMD: 20 pl
Total volume: 100 wl
(4) 4240 F 77 % PCR AUHEATIR K
x1.1 SHHBEZHERBRXRETSE.
Table 7. 1 Reaction steps of oligonucleotide annealing.
AR Uik & IS [H) i
1 95°C 2 min il DNA oligo 7878 1
2 B 8s FIF0.1C, F525C (E D £ 90 min EDN
3 4°C KT REF BTN A7

WL AITAE AT PCR O A TR 0.1 C R LhAE, WM fE 90 s FRE1°C.

VR T -
10 X DNA oligo annealing buffer (1ml):
Aoy A IBOR JEE (LA B
ddH,0 680 pl
Tris-HCI (pH 7.5) 1M 100 ul 100 mM
NaCl 5M 200 pl M
EDTA 0.5M 20 pl 10 mM
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HhE FITCHE S AR A scaleless T It 2 T WLER (4]0 )

2. MRABEERERR IR AFRONA R (EFSREZE)

(D

(2)

(3
(4)
(5)
(6)
(7
(8)
(9

TC 5 3 R B (R AR AR P SR I R e . (o T B S ie i md (35 —h50), p.418), DNA FF
it EAE SR T HAUK o

HUKSE B eI, AR ERAMTZE 260 nm K NN EJ7 AR CE T 14858
£, DNA i BRI (. A LTHUES, JRa] H EB XEER G (0 5 A
AR IV R S H 4 B REDIT ISR N ).

KV N B RN BOE T, - SR B M 0 7 B R B o

AT B A% R BT, 1) BV I 1~2 5 AR DR 475 I e Bt M ok ot 22 i«

w BBV, 37TCRESHIEE . <500bp ) DNA IR E 3~4h, KAB DNAILE 12~16 he
4°C, 16000 g &L 1 min; ¥ EIEBAS B LB, TREUIKBIRIGER X

) BT P FF NN 0.5 AR BRI G2l TRS), FRIREL, B IFPITIR BB
IEH RN 2 REARBA K O, -20°CLHE 1 h LLE; 4°C, 12000 g 250 20 min [F]i

DNA.

(10) F 200 ul TE (pH 8.0) %ifit DNA, A 25 ul ZFRENZE M (3 mol/L, pH 5.4), 2 f5{AF

VA T /K LFEFFIRDTHE DNA G

(11> H 70% £F#3E¥: DNA Jiie, TH % T 50 pl TE H, @&, 20 CLRAFHH

RIC s -
TR IR S kP e I 22 . (1 mD)
Aoy Tl AR JEE (LA LR
ddH,0 938 ul
LR 10M 50 ul 500 mM
VUK E LR 1M 10 pl 10 mM
EDTA 0.5M 2 ul 1 mM
3. IRETRYFRIC
(1) 424 MR R AT hRIL SO
ddH,0: 14 pl
10 X Klenow buffer: 2l
[a->*P]dATP (10 plCi/pl): 1l
Al IF bR id DNA B 2 ul (3 pmol)
DNA polymerase I large (Klenow) fragment: 1
Total volume: 20 ul

VA5 30°C [V 15 min CAJ3d 24 2K s N IFIE] ) o

(2) JMNEEHR G 80 ul ddH,O i ZAKFH 2 100 ul, FHINA 1/8 AR 10 M Z 4% Rl 12.5 pl)
R 2.5 KRR T K LFE (~300 pl)o -70°CYLHE 1 h 5-20°CHLHE 2 h LA
(3) 4°C, 12000 g £5.0 30 min; 70% LFEPES—IK, DNA YUE T 5% T 50 ul ddH,0.

(4) FRicf MEREN 20 C RN R AF, H— A 3 K.

4. EMSA FEKBZHOED H

76



A AR 2 e 1 - 20 18 S ST KA oLk scaleless JE 1T 4 T HLEL A PRI

Fr s I HR E R R VA S I (O F e siidirm (58 =RO) (p.418) (GEEFHEAE, 2002).
5. EMSAEE 5% SR
(1) 4 Fi%E EMSA 454 [V e

A HIHEXT B. BN
ddH,0: 14 pl ddH20: 12 pl
SXEMSA 456G 9mMil: 4l S5XEMSA &6 90: 4l
ZEH: ol BEH: 2w (Spg)
PRACEFIOBREN: 2 PRACIFIOBREr: 2w
MR 200l MR 20u
- R PEREN A TG O D. SEARPRENA TES IRV s
ddH,0: 10 pl ddH20: 10 pul
SXEMSA &6 80 4l S5XEMSA &6 5Ml: 4l
BHEE: 2w (Spg) BHEE: 2w (Spg)
FRICLFIREr: 2w FRICLFREr: 2w
Abric R REr . 2wl (3 pmpl) AbRL R ERE: 2 ul (3 pmpD)
MR 20u MAARL: 200l

e IO IARICLF I 2wl EREF R BOR PR EEZT 2 10 000 cpm

(2) 55 RNVIRAWIRANA G E=HE (25°C) &M 30 min, FHUK_LJBSCE 30 min.

(3> H 7%t SR AR Wt e B AT FL UK 20, BA 1 X TBE A5 4 LUK ZE R EFERT 10 Viem il
HLYk 30 mine $ZMWUF BFE, A EFLHIN 10 pl SR vk BRI TR 8. 10 Viem B
UK, PRI EEITR 2N bl 4/5 AhBH IR Ek . BN VKO FRAE 4 CHEAT

(4) FEBERCENR, 4 BT R Acui B AT IR

(5) JH#EBEEE 3 h, I b bk EE R

Rl UWIE
5XEMSA S5 & il (1 mb:

Aoy Tl AR L (A 2R
ddH,0 65ul (210 pl)
Hepes-KOH (pH7.9) 1M 50ul (50 i) 50 mM (50 mM)
KCl 1M 250 ul - (125 pl) 250 mM (125 mM)
MgCl, IM 20ul (—) 20 mM (—)
DTT (dithiothreitol) 1M Sul G ub 5mM (5 mM)
EDTA 0.5M oul (10 pl) 5mM (5 mM)
BAS 10 mg/ml 50l (50 ) 0.5 mg/ml (0.5 mg/ml)
Poly(dI-dC) ¢ Poly(dI-dC) 5 pg/ul 50ul (50 W) 0.25 pg/ul  (0.25 pg/ul)
Glycerol 500 ul (500 pl) 50%

e RS R R, A AN KRS B ORI
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7.1.10 DNA F014 B3k

1. HERAFR R BRI SRR, F 2R TRK L& Bk B (mAV) IR TEAB i rh g g b
IR BIEBE 58 2 AR

2. WP MR BN S HE S L 1) 55 COKIBAR T TR . AR TH S N 0.1 £ AR
(0710 X Bl P B BB e FELVK SR P, VRS S RE IR MRS o
e BRI CBETE S pH 441 FANE DNA 456G, ik B Ia sl st AN Gen EB. 739k, A
THOL T NaOH W AF Z B850, WOAS B T F P B 3 B0 FA G At B b o

3. KK CEEDTVE ) DNA FESVE T 10~20 pl 1 X Bl PE RIS EIK ZE i, I 0.2 AR
6 X ML HFEGE P

4. A DB B UK i LA<3.5 Viem IR TFLA YK, e liE s BNk LIS Al
U5, TEBERS FIBCE — PR, MRS Rk IR SRR T SR B 13 2/3 I 1k k.

5. W 2RISR P9 UG JBCEE TP R Hh S5 U 45 min.

6. FHZEMK FEEEBER K, JAE 0.5 pg/ml (IFRAL Z5E 4t 30 mins

7. TRGHEAE B AR AT BRI T H

VI T

10 X Bl M Bt B s FL VK 2209 :+ 500 mmol/L NaOH, 10 mmol/L EDTA.

6 X B _EAELE i : 300 mmol/L NaOH, 6 mmol/L EDTA, 0.15% (m/V) JRHIEYEE, 0.25

% (M) —HZER.

Bl B A e fise IV : 1 mol/L Tris-HCl (pH 7.6), 1.5 mol/L NaCl.

7.1.11 BRI SR EEARTEE PRI ERIE

W 75 B R IA AL ORF 7 277 1EL 3 87 F1 hr3 1458 1 1) pBacPAKS Ji ki & /A
(Chen et al., 2004), %/ pBacPAK8-IE1-ORF-hr3 I &k ki SRJ5% 3~5 pg ik DNA
FNEAREIE (7.1.5, 5 JG HASKBME R B, 4 RN 10pl. 5% 24 h LT
(AR EA TV, DA K AR B2 38K, TR o v S Rl sl G A 0 i 9 S R A
25°C, JERALEL,

7.1.12 KBRS MM BEREERFTTIR

% 7.2 AEFTMA PCR I BEZEER F5I5%.
Table 7. 2 PCR primers and oligonucleotides used in this chapter.

EIEZEAR 51975 g

BmA3-210 5’- CCCCATCGAACACGGAATCG -3’ g B RT-PCR i 4
BmA3-601 5’-CGCTCGGCAGTGGTAGTGAA-3’ 25K Bm-actin A3
BmASH]1-380 5’- CAGATACCCAATTAGGGCTTGG -3’ g J RT-PCR g 1%
BmASH1-785 5’- GCTCGACGGAATGCGTCGAT -3’ Bm-ASH1
BmASH2-225 5’-AATAGCGAGACGTAATGCACGGGA-3’ g | RT-PCR g1
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HhE FITCHE S AR A scaleless T It 2 T WLER (4]0 )

BmASH?2-449
BmASH3-272
BmASH3-519
Bmase-303
Bmase-523
BmASHI1-F
BmASHI1-R
BmASH2-F
BmASH2-R
BmASH3-F
BmASH3-R
Bmase-F
Bmase-R
Dmda-F
Dmda-R
Luc-F

Luc-R

BmASH2P-1300

BmASH2P-979
BmASH2P-774
BmASH2P-541
BmASH2P-188
BmASH2P-R

BmASH2P-797EmF
BmASH2P-797EmR
BmASH2P-194EmF
BmASH2P-194EmR

Cash2pF
Cash2pR
dfdF

dfdR

A dfdF
A dfdR
SLF
SLR

5’-CCGATTTTCTTGATCACGCGTAATAC-3’
5’-CAAGAAGAAACGCCAGGGAAAGGA-3
5’-CCATCATCCGCTTCATAGCTGATCGT-3’
5’-ACGGAATGCGCGGGAACGGAA-3’
5’-GATTCCATGCAGGAACGAGACGT-3’
5’-AGGATCCCGATACGCGATGCCGATGG-3’
5’-TCTCGAGCCTTTGTCACTGTTGTTGCCACC-3’
5’-AGGATCCGTCAAAATGCTCCAAGAAATCC-3’
5’-TCTCGAGGATATAACTATTTTTGTTGCCACC-3’
5’-AGGATCCAAATTAATGCGCGGCCGTCC-3’
5’-TCTCGAGTCACTTTTCTTGCCACCACGAGAT-3’
5’-AAGATCTGCCGAAATGAGCTCCATCG-3’
5’-TCTCGAGTTATTTTTTATTAACAGTTTTCGTAGG-3’
5’-AGGATCCGAAATGGCGACCAGTGACG-3’
5’-TGTCGACCTATTGCGGAAGCTGGGC-3’
5’-AGGATCCATGGAAGACGCCAAAAACA-3’
5’-TCTCGAGTTACACGGCGATCTTTCCG-3’
5’-AGAGCTCGTATAACAACTTTGGATTAATTGG-3’
5’-AGAGCTCGACTCTAATGCAAAATAAAAATACG-3’
5’-AGAGCTCATTTCATTACGTTTACAACCTAAC-3’
5’-AGAGCTCACATAAAGCTTTGATAAGATCTAC-3’
5’-AGAGCTCATATAACCCGTGCGCGT-3’
5’-GCTCGAGAATTTTGACGTGTTTACACGATC-3’
5’- AAACTCTTGATGaAGCcGTATCGTTGATGT -3’
5’-ACATCAACGATACgGCTtCATCAAGAGTTT-3’
5’-TTTGCAGCCGGCGaAGGcGATATAACCCGT-3’
5’-ACGGGTTATATCgCCTICGCCGGCTGCAAA-3’

5’-GTATAACAACTTTGGATTAATTGG-3’
5-GATTGGACTCAGTATATTCG-3’
5’-TATGCTTAGTGTTAATTAGCCGTGATCCCAAA
TTGTCTACTCTATTACG-3’

5" TCGTAATAGAGTAGACAATTTGGGATCACGGC
TAATTAACACTAAGCAT-3’
5’-TATGCTTAGTGTCGTCTATTACG-3’

5" TCGTAATAGACGACACTAAGCAT-3’
5’-TAATTAGCCGTGATCCCAAATTGTCTAC-3’

5’-TGTAGACAATTTGGGATCACGGCTAATT-3’

Bm-ASH2

g RT-PCR g 1
Bm-ASH3

g RT-PCR g 1
Bm-ase

Bm-ASH1 JL[Al ORF [¥)
PCR 434 55 J5 4 v b
Bm-ASH2 JL[Al ORF [¥)
PCR 434 55 J5 22 v b
Bm-ASH3 JL[Al ORF [¥)
PCR 444 55 J5 2 v b
Bm-ase #[X] ORF 1] PCR
i E) x4

Dm-da %[5 ORF 1) PCR
i ES) Ero a3
Luciferase J&[X ) PCR ¥
18 55 5 A e

Bm-ASH2P Ji 8l 1 F Bt
(418 S s gEAR ) I
IR R o RoR
E-box X1k, /NEFBEER
RGN S5 R .

T Bm-ASH2P A% [X
BER/NHIEREE

T EMSA #5461k

e SR A RS I3 R 5 N BRI PR 5
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[ A NV BF 2 Bt A 22 467 18 S HbE FA L RAR A scaleless T G 2 T AL )25 38T
7.2 £8R

7.2.1 K& ASH £ E 7538 7 £ FNEA P B9 R/ IE R4

IEF AR 7532 (WT) 54544 scaleless 58 A it 22 3] b difi 301 0 S RE AU A2 50 RNA,
SKIGHT € 7 PCR. WA IRE H, SRARMA S B A A 5K 7 2 [A] Bm-ASH1 Fll Bm-ASH3 [ #4431k
FESAL; Bm-ASH2 fEBF AR AT 0 dy 1.d. 2 d Wil b ik i, e s LR A 2],
1M scaleless 7E4& A IS JER VAT A I ) 3% ; Bm-ase 225, FERIAE Si~Po N (K 7.2).

WT sl
| |
Bm-ASHI |« « = =i T, T
Bm-ASH?2 o> -
Bm-ASH3 |« .- -* - - -
Bm-ase - e " - - -

Bm-actin A3 e «SEuDEEEER s e S SR -
SO S1 S2 S3 PO Pl P2 P3 P4 P5 P6 P7 SO S1 §2 S3 PO P1 P2 P3 P4 P5 P6 P7
7.2 K& ASHEREAEEFRI R B FRIEE. H lpug & RNA 4, REUET PCR, §71Y 18 M,
PCR =1 1.5 % BB I AT 43 B FREE IR RN 2428 o S0-S3 R IA I 2 JE IR EL, PO-P7 KnAbui 5 IR EL -
Fig. 7. 2 Developmental changes of Bm-ASH genes in WT and sl pupal wing. 1ug of total RNA extracted from wing
discs or pupal wings was used to RT-PCR amplification for 18 cycles. PCR products were electrophoresed on a 1.5%
agarose gel and hybridized using labeled cDNAs as a probe. S0-S3 represent days after the beginning of spinning, and

PO-P7 represent days after pupation.

7.2.2 BRZ Bm-ASH1 #1 Bm-ASH2 E E A RSP I RIED T

h T RE— PSS Ay ASH JE RITE SR Al v R R IA R Ik, BRATIEH T K28 1d Wi gh AT ) o
WAL, AR AN ASH SR ORF #7385 CIEI] 514440 BamH I 7 5i: ase M\ ATG FF4f 152bp
WA — BamH I {705, %059 el He 2 Bgl 1T, WL 7.1.12) g% pMDI18-T # ik, 15
BamH [ ¥ 7efE N pGEM-3Z &, REANERIBE RGN T T7 8 ) ¥ 1F i 5 25— AN (&
7.3 Ao SRJEHE ORI EENEA, FEAR 7.1.4 rh oy AT EREbRad, AR 0 I IARET X 2 wl HI 3R
B e F VKA TR N (181 7.3 B,
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BamHI Xnol & EcoRI (or HindIIT) 160 16 260 20

100 16) 20+) 23 3() 30 43 40 M 1) 16) 2(4) 200 3(5) 36 4 40)

730 bases
590 bases

7.3 SEBEN pGEM-3Z E iR BIRE ASHEFEEW T 17 Bsi FREREEIEE (A) RIRIZIFRIERE B BIKE
E (B). M, DNA marker, G447 1K/ 12k 1 200bp. 900bp. 750bp. 600bp. 300bp 1 150bp. BamHI i
Y5 BRI IR /N B (4315, 38 8] ORF ¥ B 5w [\ pGEM-3Z #44& . Xhol& EcoRI XX 1] pGEM-3Z-ASH1 .
pGEM-3Z-ASH2. pGEM-3Z-ase, #7 ) IEEM AT DI 5 AR DIAR RN R B, 5 o0 I 0 R Rk ki g AL Xhol&
HindIIl X D) pGEM-3Z-ASH3, #5704 FT U1 5 R DA R 7 B, 50 o0 IER ) B ok Ze Ak e 10 24
3. 4 3R pGEM-3Z-ASH1. pGEM-3Z-ASH2. pGEM-3Z-ASH3. pGEM-3Z-ase; (+) FRiFHE, (=) ¥
A%

Fig. 7. 3 Identification of ligation directions from T7 promoter of ASH genes cloned into pGEM-3Z vector (A) and
inspection the signed probe on agrose gel (B). M stands for the DNA marker, the seven segments are 1 200bp, 900bp,
750bp, 600bp, 300bp and 150bp, separately. The results digested by BamHI show the genes are all cloned into the vector
successfully. As deduced, double enzyme digestion by Xhol & EcoRI of pGEM-3Z-ASH1, pGEM-3Z-ASH2 or
pGEM-3Z-ase would make results the same as by BamHI for forward direction ligations, while only make the plasmid
linear for reverse direction ligations. Double enzyme digestion by Xhol & HindIIl of pGEM-3Z-ASH3 would make
results the same as by BamHI for reverse direction ligations, while only make the plasmid linear for forward direction
ligations. The numbers of 1-4 stands for pGEM-3Z-ASH1, pGEM-3Z-ASH2, pGEM-3Z-ASH3 and pGEM-3Z-ase

respectively. (+) shows forward direction ligation, and (-) shows reverse direction ligation.

MIRAZEE AT DU H, Bm-ASHL 76 WT F1 sl fi Ik AT LT3 20, A RIERI 41
AR HES AR b (B 7.4)0 Bm-ASH2 WA, {EEF AT X 2 3 i _E3R3% Bm-ASH2
(40 MR MR 515, ST AO/EB Yo b (&1 5.2 b); ift sl i BT IR 5 gl ki
Bm-ASH2 JEH (8] 7.5) o (HAF — 3R I AE A 2L sl MR I L A7 LE X 327 1 12 (1) 3% 1% Bm-ASH2
SR 4n il . Bm-ASH3 1 Bm-ase JE P 1 Ji (o7 2448 45 RS B AT R I B IA A5 o HEDIE R B4
A IR EEAG, A BIRSI K BRI PR EE R R 4 4 T3 5 T, ds FH AR T %
T PREE AR IS . 2, Bm-ASH2 KEIAITE scaleless F1 WT FAvum b HA7 &3 )R8 22

=N
I o
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. o 3 e X

& 7.4 RE Bn-ASHT BEEERBWADIRIES . A, CH B, D 0 EIH ER KRR ARF A, H C.

D J2 A. B Hf7r ISR
Fig. 7. 4 Expression pattern of Bm-ASH1 gene in pupa wing of the silkworm. A, C and B, D shows the results of WT

and sl respectively, and B and D are enlargement of partial region of A and C respectively. Distal is to the right.

Bl 7.5 R&E Br-ASHZ BRERBIWHFHRIEN . A, CHI B D Bl B AR R A A k54, b C. D
& AL B XEUBCR . TLLBH BAFE HRIE Bm-ASH2 1140 RN AFHES 7R 5T A= B R T, 1 sl I B E R
AR IR0 A A 2147 Bm-ASH2 R34

Fig. 7. 5 Expression pattern of Bm-ASH2 gene in pupal wing of the silkworm. A, C and B, D shows the results of WT
and sl respectively, and B and D are enlargement of partial region of A and C. Distal is to the right. It is obvious that cells

expressing Bm-ASH2 are well arranged in WT pupal wing, while only a few cells is detected expressing Bm-ASH2 gene.
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[ A Mk o o 2 7 S L 7RO S ik scaleless T 4 T HLER (K] 45
7.2.3 R&E Bm-ASH2 BRE B F oS

T B scaleless #fi3H Bm-ASH2 JE R E S HLEE, AT RS FRAEANT, BT
TERE SR AT RH .

1. BmASH2 BE B FHIEH 5 R

A5 GenBank TR 3 1) 5K e KL K120 ) 41 ¥ 15 [ 4) BmASH2P-1300 1 BnASH2P-R (3% 7.2),
PAZ 7z WT (7532) sl FERI4] DNA RS 1Y Bm-ASH2 FF T80 B B2 L3 e 1), 28 vl il
JEor A3 ST 1178 bp A1 152 bp [ DNA B (18 7.6), T 3C73 7%k A ASH2P 1 s1-ASH2P.
EEX e kIS WT ML, sl ) ASH2P @4 ih3tAy 11 /S fikAs, Ho 10 M, —AMEH#r. 2=
A K2 sl 71 ATG i 1027 bp Ab — B 45 26 bp [T /1 ATG Ljif 194 bp #1797 bp
W57 — AN ML) A 41 E-box (CAGGTG Fil CAGCTG).

WT (7532) GTATARR AR CTT T GGAT TR T TG T ARG AC ARG TC G T ARG TC AR A TGEACARLAGCARGARGCATTCGTCRAATGCARRALG a0
scaleless(sl) a0
WT (753Z2) 1g0
scaleless(sl) 124
WT (7532) 240
scaleless(sl) zZ14
WT (7532) TCARTACTCGARCCCGGGCCTCTAGTCACGCCCCACTATGRAGCARTGATGCGATARRRATARCCRAAGTGATAGTAGTAG 320
scaleless [al). i Rl S ehh Sl e s i S IRl T i e s i S el R i e St e e S Zo4
WT (7532) TAT AR AR TTRAGC TGATTC TS TTTTTGAATATGRARARCARCACGRACATRARACTCTTGAT ATCGTTGATETT 400
scalelsss(sl) 374
WT (753Z2) 480
scaleless(sl) 454
WT (7532) ATTTTATCGATGRARGCTTCGATRAGCGACCACTCGACCGCTTEGATTTTATGR ARTATATCTGAAGATACRAGATGAT Sed
SCalelesslall: oo cidiom srs ne e i b S s G m m e e 15 o Ut T i et v S e WA o e e et v P 534
WT (7532) AR AR CGEACTTTIAGCTGTITITGAT TTACTTETTATCARCAGCATAATARRTCTATAGTRATTGTTACTARTTTITTCACE €40
SCalelesslall: oo cidiom srs ne e i b S s G m m e e 15 o Ut T i et v S e WA o e e et v P al4d
WT (7532) TARRGCTTTGATRAGAT CTACARCATATCGATARGT TATARALR AR ATACATATATTTARAGRARATTCTTARRACRAATAACT T20
scalelesafall oot s e b R e e i L B T e i e e e e i B T A B e e A e o G T C 844
WT (7532) ACCEGTRCCGATATCGTGCARAGCACTC TGATCTTTCTTGTATTTTTACGTGTTTC TAGATARGATATTTATTTCATATG 200
scalelesslal ] o e R R R S R S e e S e i o B P AT B S B e s R e o BT 77

WT (7532) GCTCCTRATATRRTAACTTTCAGTGGTCACTAGRRRRARCCGGGCACGCGTTGATCARCCCTGCCCCGOGCCCACGATCTC 880
scalelesas(sl) 85

WT (7532)
scaleless(sl)

WT (7532)
scaleless (sl)

WT (7532)

E e I = T T N 1094
WT (733Z2) CETCGATTGETCETGCGTCCETATC TATCGCAGRCGATCGTGTRARCACGTCALA 1178

o = T 1152

7.6 IR (scaleless (s/)) FNEFEEL (WT (7532)) RE Br-ASHZ BEBHFHFIILLE . 5 3K LHE
H ARG B, B 8 R 2 scaleless (sI) LGSR B . J7HE T (541 2 HEMI Y E-box .

Fig. 7. 6 Comparation of the promoter sequences between Bm-ASH2 gene between scaleless (sl) and WT (7532)
silkworms. The arrow at the 3’-end of the sequences shows the start codon. The continuous missing region in scaleless

(sl) is shaded. Two presumed E-boxes are boxed.
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2. BIMFEMES
(1) JoORiRe)
¥ PCR 438 T A [ JCK4HE 52 1) B-box Z27Z (1 )3 8 1 1 Be i Se A e 21 pMD18-T ik
R DA A LA i P L D)0 v NS 2R B TR A pGL3-Basic H1 (K] 7.7 A);
FAIPUAS ASH F [K] K S K5 1) daughterless (da) FE[R (H3& [E D1#)EE 245 Hugo J. Bellen #{
FZ S5 % (1) Karen L. Schulze [ 1I81%) [¥] ORF 23 i #4 e 7417 1EL J3 2071 hr3 4581 1k Inf ¢
K ki3 A& pBacPAKS H1, ORF & T IEL Ml hr3 21 (& 7.7B).

197&
A WT 979 774 541 188 sl 194Em797Em797Em M B ASHI  ASH2  ASH3 _ ase M

1000bp

500bp
200bp

7.7 BTRHFEFED T RAESILE . A. pGL3-ASH2P(WT).pGL3-979(979) . pGL3-774(774), pGL3-541
(541). pGL3-188 (188). pGL3-sl-ASH2P (sl). pGL3-194Em (194Em). pGL3-797Em (797Em) pGL3-194&797Em
(194&797Em) Jiikif¥) Sacl & Xhol A% %E; B. pBacPAKS-IE1-ASH1-hr3 (ASH1). pBacPAKS-IE1-ASH2-hr3
(ASH2). pBacPAKS-IE1-ASH3-hr3 (ASH3). pBacPAKS-IEl-ase-hr3 (ase) Jifi) BamHI & Xhol XU % i -

Fig. 7. 7 Identification of plasmids used for promoter activity analysis with restriction enzymes. A. Double enzyme

digestion by Sacl & Xhol of pGL3- ASH2P (WT), pGL3-979 (979), pGL3-774 (774), pGL3-541 (541), pGL3-188 (188),

pGL3-sl-ASH2P (sl), pGL3-194Em (194Em), pGL3-797Em (797Em), pGL3-194&797Em (194&797Em). B. Double

enzyme digestion by BamHI & Xhol of pBacPAKS-IE1-ASH1-hr3 (ASH1), pBacPAKS-IE1-ASH2-hr3 (ASH2),

ASH2P+pBacPAKS-IE1-ASH3-hr3 (ASH3), pBacPAKS-IE1-ase-hr3 (ase).

(2) ZXAx ASH JEDRRTR i da 3L R6F Bm-ASH2 JE[8 )3 3 1 % SR 15 7E

WA 5 JFORE pGL3-ASH2P I I 335 ikl pBacPAKS-TE1-ORF-hr3 AAN[A] 7 AT 2 A5 JL %
YAy BmN 400, DABRTORL A 40 i G2l o h ¥ I IR (Blank) o BRAL YL e g 208
FEEBEHRE TR pRL-CMV LA YAE NS (B 7.8). FEYLfE 48 /NISCER AN A I3 5 X5 o
SRS, REIA I K RO GE R LA SO GE, RIS R AL b LA e (R e 2 100, Atk
AT HANE . FER MG, ASH2P+ASHI1+da —FlFoRL CF S0 BUR 8 1 B0 R A R AL
LR AR SLHE YL % BmN 400 )J5 ASH2P %1 #% 9% ; Blank. pGL3-BasictASHI+da.
ASH2P+pBacPAKS-IE1-hr3 (A b g AR AMEIE Y OFR) A& PGL3-ASH2P 4% 4% 5 M43 (12 '
EEEE T AREAR, FEATTLIZNS; ASH2P 55 ASH2+da. ASH3+da . ase+da JLHLYLLL M 5 Tifh
B S IR T O L S ASH2P 35 PE i e ASH2P+ASHI+da 4145752 (P<0.01). PHtIRAI 1%

M
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$E ASH2P J5 3l 1 I A v Br 5 ASH1+da L5 4L 58 7 BmN 4i g LLdE— 2P 5T ASH2P )3 31+ Zh g -

120
100 - 1
> 80
=
0
©
2 0
ko
@
[v4
40 -
20 A
0“?*"WDD4HGT
< % o b T T %, . g, T Tp
% 5 o e T S, s,
%{ (u’@ ’Sé)&x (\_.i'—y ’%—i;x \_;"Qx 42305( ’séiox ’s\'—;ox ,%Box %Ax ’S\:aox 6\’%)(
% % K Ty T T, % % g T T, %
N, % % % % NN
T % % %
S
X, @
% ”
%
%

Treatments
7.8 WA EEIR & KL pGL3-ASH2P FNRG A 3% Bkl pBacPAK8-IE1-0RF-hr3 LARREIEE A X EEH BN M/
ASH2P B FBIEIE 2 H#7. ORF ACEHFEEA Bm-ASH1. Bm-ASH2. Bm-ASH3. Bm-ase £l Dm-da (daughterless).
REFP AL R D TR 3 K.
Fig. 7. 8 Activity analysis of ASH2P promoter by co-transfection of luciferase reporter plasmid pGL3-ASH2P with
different immediately expression plasmids pBacPAK8-1E1-ORF-hr3. ORF stands for genes Bm-ASH1. Bm-ASH2.

Bm-ASH3. Bm-ase or Dm-da (daughterless). At least three independent repeats were carried out for each treatment.

(3) ASH2P Jii 5 748 & B-box {f s ({1584 5 #7

FURE 7.9 A Bl ASH2P JH &) 7%k ATG L3t 979 bp. 774 bp. 541bp Fl1 188 bp (K Fi
Bt oy mlvilE N pGL3-Basic 9806 2 MR & FUbI A o SR H &R Bk syl 5 ASHI+da
ALY A BmN AU, B BRG R 3 IS ) W MRS (P<0.01) Hr AR 52 fe K
[R5 N ASH2P 4K 5] 979 bp, & HAH A TR LY 1/5: flitH 221 199 bp 347 — A EZ )
s yEsert (B 7.9 B)o # ASH2P 3801/ 41 b IS0 1Y) E-box FAl SR FIAL ] 5748 s
[FIRE IR V84T I8 B TS PR 0 T o = SR AR BRI AS I 213 1 S 35 PE AR (P<0.0D), {HJ& ATG
137 194 bp AL E-box SEAREE L 797 bp Ak E-box S84 IR K2 (P<0.01), 1My P 2 [A] i
RGN FETE S 194 bp AL E-box FEAL J& JH B IS M AT WM R (P>0.05). it 797
bp 4t E-box # ATG Kt i e i 4 5% (1 HE J1 4R 194 bp AL E-box 55
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(4)  scaleless &4 fAZ & ASH2P Jii 8l 735 P 2 2 B
¥4 scaleless Bm-ASH2 LAl [1) ) 3l 7 sI-ASH2P 3¢ b £ pGL3-Basic A, HIRIFEM 7Y
ASHI+da LY 5% BmN 4il i, 2347 sl-ASH2P (35PE (B 7.9 B). KB sl-ASH2P 3% 7 b B
AR R A ASH2P 3 i 25 1 B (P<0.01) 5 1T sI-ASH2P 355 979 bp i 3 TG A 24 (P>0.05) .
AL, sI-ASH2P & A SR R IX BT BEREIA T 284N JH 3 1 AR B IK — AN Je

I_,xfnc- ASH2P
mmﬂm%p
];: lue +| 774bp
r"!m‘. 541bp
= luc+|188bp
= r+h.‘c 194Em
i [ lic+797Em
% e e +]194&797Em
{ rt]fncf]‘ sl-ASH2P
100bp
ASH2P
979bp
774bp
C 541b
& p
g 188b
5 p
a. 194Em
797Em
194&797Em
s-ASH2P B Plasmid+ASH1+da
| Plasmid
I T T T T T
0 20 40 60 80 100 120
Relative activity

7.9 ASH2P B3 FH38 5 E-box L mBIRE K scaleless GWT BRI FIEMELER. A B3 BWRIHRE
K, 194Em. 797Em % 194&797Em ™[ X 5 %Ik E-box SR ML E, sI-ASH2P Hif) “ | 7 FRORIELGR R TAL
f%: B. “Plasmid” 03 1 B ke ] pGL3-Basic B H A F e BmN A1 AP EL 40 TR52 3 0K
Fig. 7. 9 Promoter activity analysis of ASH2P partial segments and after E-box mutation, and the activity

comparation between ASH2P promoters of scaleless and WT. A. The design of the partial segments of the promoter.
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Forks in 194Em. 797Em and 194&797Em show the sites of the E-boxes mutated, and | ”in sl-ASH2P shows the
continuous missing mutation position. B. “Plasmid” stands for transfecting BmN cells of promoters segments in

pGL3-Basic vector without transcriptional factors. At least three independent repeats were carried out for each treatment.

7.2.4 BTIRRE Bm-ASH2 RE Ba Fil R X EE S5 ER LSRN

N TR sI-ASH2P J3 87k R )P FIRIPE -, T 1 d sl A e d kAT T IR
B2 o BT R ET b dfd 7m0 sI-ASH2P J3 8 7Bk 2R A AE N 19— B 49 bp ISk A B A= 7Y
KA ASH2P JA 8 FHIF4,  Adfd $5xd T dfd fIok B sI-ASH2P 335 71751 (23 bp), SL %
7K sl-ASH2P J3 8 TSR K751 (28 bp, AL LS R IAR S-S ME IS AR o
TREHI N A5 SR AT IR ST B K alifl (€ 7.2)0 M 7.10 WTLLE . dfd 5 R0 & 10 ik 4
By MARRICH A dfd S GEAE 5 AAICH) dfd F1 SL 4R8N 35 Frini 5 FRic i dfd Rk

dfd + + + + +
pro - + + + +
Adfd - -+ - -
dfd - - -t -
|

7.10 s|-ASH2P BEIFHERKXEREVERMAARE. “+7 Lnai GNP ERFT, “-7 RoRgia kNH
A IXFN Gy, “pro” FoERIIZE 1, Adfd. dfd J SLATIHIM “—” RRBEATIRL.

Fig. 7. 10 Electrophoretic Mobility Shift Assay (EMSA) analysis of the interaction of pupal wing nucleolus protein
with slI-ASH2P missing region. “+” shows the component is included and “-” shows the component is not included in
binding reactions. “pro” stands for the nucleolus protein. Minus signs ahead of A dfd. dfd and SL indicate unlabeling of

the probes.

7.2.5 RERI{K scaleless BIBR1EFE N

WIS AL 2 A BE AT T AT B AR L AR A R L 46 5 DR AR BT A5 R R R 55 & 1A v o) b 2R 11
ASH2P JE 8l 74544 . W4 )3 81 PP 511511514 Cash2pF Fl Cash2pR (3R 7.2), R H AR U5 1)
L2 DNA AR IEAT PCR. K4 scaleless 1) 2 F7E W 45 142 M X Be b WT (7532) Ht
KT 26 bp, FrUAY ) BCK N %A 216 bp, 11 WT (7532) [Nk 242 bp. ¥ PCR =4
76 3% B MR b At e BT ik, 45 SRR BN sl + 7532BC6 R AR KM AT F2 A4 (& 7.11 A line3).
sl » 7532BC7 [F15Z sl I RAZLRIAAE (K 7.11 Alined) 5 sl (& 7.11 Aline2) HLyk i34,
I WT (7532) /)y 26 bp. 1fij sl #7532BC7 [ sl {1 1E 5 R ALANA (K] 7.11 A lineS) & sl *Furong
ZeRE—AR GIJF T4 Furong 5 7532 ) ASH2P JRZ) FIF 41564 —FE) (K 7.11 A line5) %34 1
=gk, A& S| FWT —FEK, o) — 4l LR G . 2R PCR ¥ 19 72
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HIERCT sl 55 WT § 3855 (2% DNA, RIS AE (8] A 1 H F vk I S o Bl Ve B IR bl
Vb HE ik 8 R T I IERRTE (B 7.11 B), sl » 7532BC7 [BIAT sl HF R IE H R B AMA (8] 7.11
B line5) Al sl » Furong 244548 ([ 7.11 B line6) ¥ i =M{E pabiRE R PISH, Hahls
WT Fl sl (F1—3. nI UL 26 bp 6t 2k /& 5 Tu i Fr 3 (1) 58 A8 R I S i B 1)

A1 23 4 56 Bi1 23 456

242bp
216bp

B 7.1 EEREMITLTRARE ASHP BEITH s/ HREXEE K/ LI . DL Cash2pF Al Cash2pR (38 7.2) K5
VI W 5% 2 Bm-ASH2 35 T 10340 X5k, WT (7532) w444 242 bp (¥4 B, i sl ﬂ%ri*th 216 bp. A. ¥
BRI YK B, BRI REER K. PKIE 1. WT (7532); 3K 2: sl ¥Ki& 3: sl » 7532BC6 HAS F2
QR TRAERA) s JKIE 4: sl » 7532BCT 1A sl FACUH IO SARRALANA JKIE 52 sl » 7532BCT ML sl &
AHFINEH R AMMA; Kl 6: sl » Furong 2448 —AX.

Fig. 7. 11 Size comparation of sl missing region in ASH2P between silkworms with normal and scaleless wings
phynotype. PCR was carried out with primers Cash2pF and Cash2pR (Table 7. 2). As expected, the WT (7532) should
amplify DNA fragment of 242 bp, and sl 216 bp. A. Normal agarose gel electrophoresis; B. Alkaline agarose gel
electrophoresis. Linel: WT (7532); Line2: sl; Line3: sl ¢ 7532BC6 self-cross F2 (all with scaleless wings); Line4:
Filial generation individuals with scaleless wings phynotype after sl <7532BC7 back cross with sl; Line5: Filial generation
individuals with normal phynotype after sl +7532BC7 back cross with sl; Line6: The first filial generation i of sl crossing

with Furong.

7.2.6 K ZE Bm-ASH2 EF 7£ sl i fhid & RiA MR B =20

1. NEEEREREFAPIEERERAMEL

W7 ZE MRS FE DR luc+ 5 % 147 1EL J3 207 R0 hr3 1958 7 (1) pBacPAKS JTURE 25 14 i) £ 1k
Ik I 2 38 iUk 244 pBacPAKS-IE1-luc-hr3. H4 #4447 1) pBacPAKS-IE1-luc-hr3 5 pg V154 %) 12 h i
PIZERTEE, 36 h JE g, H 50 ul 24f## (Dual-Luciferase Reporter Assay System, Promega)
HEAT AR, ARG 10 pl 58 96 ZMHETE (% 7.3). [N LURTES AT B @ I . 5286 rh 3ty E
ST 15 R, Hop— HBURGLAERIET, 5350 14 Hrp G W R IA B 2O 1S TE (14
%); AT AR FHAE 1500 RLU LLE (71.4%) JLH 3475 HAE 7000 RLU LA (42,9
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%), —MAIF 10 000 RLU LA I (214%), H—HEFIAF 248 064 RLU. #] WL H
pBacPAKS-IE1-ORF-hr3 TR 5 51 5K i iy i vh 2 A AN DR — s I IS s, ion] T Dy g
FERTE I A L AR IR

2R 7. 3 B R RIA BRI E K pBacPAKS-1E1-luc—hr3 JE5 B R & 4HA T R R REGF 142N .
Fig. 7. 3 Luciferase activity detection after immediate expression plasmid pBacPAKS8-1E1-luc-hr3 was injected

into pupal wing.

Luminescence (RLU)

Number The remainder of
The left wing  The right wing the left and right

wings
1 248145 81 248064
2 12017 90 11927
3 10883 89 10794
4 8896 93 8803
5 8439 96 8343
6 7120 80 7040
7 4042 76 3966
8 3054 84 2970
9 2102 79 2023
10 1851 88 1763
11 517 78 439
12 100 78 22
13 89 94 -5
14 79 72 7

M 12h WRZE T4 pBacPAKS-1E1-luc-hr3 Spg, 36 h il SEANREA S0 pl 2R HCRAR, B 10 pl Klll. AT RissARvESs, fF

PRI

2. RE Br-ASHZ R EHAP BT ERIEN scaleless REREMF N

¥ pBacPAKS8-IE1-ASH2-hr3 it RLyE 5 2 5K 7x 12 h Wl i A2 fir @ b, [8) I BL i o
pBacPAKS-IE1-hr3 JFTkifE A X, & RS 5 pge 36 h JE Mt S i g T Js A 2448 (]
71200 KIL Bm-ASH2 SERIFESEIMIE. 1t RNA fESREM 1 A5 5, Al 2R 2 ki
B 40 P T S i, DR A 2 AC IS GRS 55 R E ) RNA 455 T3,
seid 3t 50 H scaleless #xlifiyE St T pBacPAKS-IE1-ASH2-hr3 Jitki, £ 45 H Ak, g
S T IR (17.8% X LA scaleless R A2 IABE SR A, HE KR M) 16
AR AR IE T B (35.6%). B R 21 Rk 9 X (42.9%) HIE% scaleless Zifik
RUAATRD; L4 12 0 (57.1%) ¥R 2o LA i % 1y W2 i 2 (R iy, Horh—HUAERt, 5
WSR2 W, — AR S AR A X, WA et B2, 5i4h 10 Ak
)0 2e AR i A L (B 7.13). TS pBacPAKS-TE1-hr3 JHoHL b i 2k v A7 0 2 311X
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FhELG, FURIRAT V£ AN IE 5 o VeSS pBacPAKS-IE1-ASH2-hr3 JiUhi [ B £ R Ak 55 1F
IR EEA 2Z . 8 4.1.2 YRR 75T 5 pBacPAKS-TE1-ASH2-hr3 iUk ) ik
SR A A0 AT S8, R I Bm-ASH2 3[R B K A G B AR R B S VRS
pBacPAKS-1E1-ASH2-hr3 J5tki ] scaleless At ifi A7 #8178 5 1E HAH >4, 10 22 33 (1) ik v A 4l i W] W %2,
HRGHEE R bsEZER K (R 7.4).

[ 7. 12 %5t pBacPAKS- | E1-ASH2-hr 3 R A Z R SBRY Bm-ASHZ BERERAIZ3 . WT, BFAEMSAE 7532; s, 58748
A% 4 scaleless. (+) fRRIEFNAT, (—) REAFEIAL. BRI H LS.

Fig. 7. 12 In situ hybridization of Bm-ASH2 gene on pBacPAKS8-IE1-ASH2-hr3 plasmid injected pupal left
fore-wings. WT, wide type silkworm breed 7532; sl, silkworm scaleless wings mutant scaleless. (+) stands for

hybridizing with Bm-ASH2 sense chain RNA, and (-) stands for hybridizing with Bm-ASH2 antisense chain RNA.

7.13 iE5} pBacPAK8-IE1-ASH2-hr3 [RALHY scale/ess BIKARTIME B REIEL . Left J /o i i < 4k
JBCKIEL;  right 2675 i 3 1 DSIBOR

Fig. 7. 13 Wing scales on the scaleless left fore-wing which was injected with pBacPAKS8-1E1-ASH2-hr3 plasmid
are increased significantly. “left” shows the enlargement of partial left wing of the moth, and “right” shows the

enlargement of partial right wing of the moth.
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% 7.4 iE5F pBacPAK8—1E1- ASH2-hr3 JRALAY R B EIHBE S, F FALHRRAIT.
Fig. 7. 4 Numbers of wing socket cells of pBacPAKS8-1E1-ASH2-hr3 plasmid injected silkmoths.

) Mean of socket cell o )
Sort Wing number 5 Standard deviation T grouping
number per mm

WT 10 462 31 A
WT-left 10 464 22 A
WT-right 10 464 31 A
scaleless 10 51 8 B
scaleless-left 10 374 134 C
scaleless-right 10 53 12 B

¥E: WT stands for wild type, WT-left stands for the left wing of pBacPAKS-IE1-ASH2-hr3 plasmid injected WT silkmoth, and WT-right
stands for the right wing of pBacPAK8-IE1-ASH2-hr3 plasmid injected WT silkmoth; scaleless stands for the scaleless wing mutant,
scaleless-left stands for the left wing of pBacPAK8-IE1-ASH2-hr3 plasmid injected sl silkmoth, and scaleless-right stands for the right wing of
pBacPAKS-IE1-ASH2-hr3 plasmid injected sl silkmoth. There are no differences among WT, WT-left and WT-right, are also no differnces
between scaleless and scaleless-right. While Cell numbers per mm?” wing portion of scaleless-left are significantly more than that of scaleless and
scaleless-right, though the standard deviation is much larger. Different letters in the column named “T grouping” indicate a statistically significant

difference (ANOVA, p<0.01).

7.3 it

g RT-PCR AR A7 4248 25 SRR i /s 28 2 To g v i AR A4 scaleless i 47) 51328 1f1 4 it o
Bm-ASH2 JEP AN T B AR K ARk w (B 7.2, B 7.5, BRI R A, £k Bm-ASH2 JE[H]
(1) 240 R ) Je R 27 A S 2R 1T s 1T scaleless S8 25 i1 AT B A 41 e K8 Bm-ASH2. 75 F
CLE M UL Bm-ASH2 D 55 8 () B-ASHL J LA R i A [RIEVE , DR e AT D 0 3 3 4 2k
KA ML T fE . Galant et al. (1998) il B-ASHL LK 5% 1 [ A5G, Xt scaleless [
FURE— RS T IX—HER

AR R AL B A TR R DN A R Ak 1 AR o T AR v B DR G R AT AR
S, IS SLERIR R I AR AT B M= 45 741 (cis-regulatory sequence) [1)74% B Bl ifij 425 5L
FIEW) e AAEF AT (trans-acting transcription factors) #2E BTN AE A AR S L1, 2R TTiHE
TN Lo Bk, BEALT #3762 BRI R b A0 75 B8 e P X — R AU W S R K D g, )
N 75 S o) B 47 5 DS 30 R IR s XA FH 7 Ui A2 4k (Calkhoven and Ab, 1996; Lewin, 2000;
Gompel et al., 2005) . JHRTWFFTH1TE Bm-ASH2 JE A {E R B A A LU R IATERIR)T (F 6.9),
U B e LA 2R Di6E, WM scaleless [ o HUg i 1 AR > iX — S AR R B AN L ERFAE 48 5 B A
RF BN GV, KA H AT AT 2 i Bm-ASH2 K& PRRr e P Rk 4 s XA
WRLe, Rt I g AL T AT REAT T

FR 38 KA LR )P 4 Bk 5 |09 1 Bm-ASH2 JE K] ATG LSk R4l 41, 45 3 & B scaleless
11 5°-3iii 1 027 bp &4 —BUELE 26 bp (MR TRAL o 5K 2 A0 Il I 20k R R UK AL K R 51
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PR TR HIRMIAE, 2003; Zhang et al., 2004) . 587 2E R R 7 Bm-ASH2 3 K 21 7341 e
W B9 MR 7 URL B /& pGL3-Basic "', ARJGH YK EANM, KIEZ) FIGTERAIC. FEE
b rf AS-C JERIELAT [ Y45 sl RE R (] 4% R, R 23 B R I 25 A Bm-ASH2 JE R 2 7741
HHAHER A 4 E-box (GAGGTG 8¢ GAGCTG). 1M AS-C 4K /25 daughterless JE il 75—
RAATAETh e PRI IRATIEKS K A2 11 ASH JE R R daughterless JE (Rl (57211 daughterless
WA BRI el ) 2070 v b A 38 )3 301 IEL AU EE T hr3 () pBacPAKS Z 44 A4 5 jle i i
FALTORL . SR 5 AN R 20 G PR ik I 32 OB 5 4 15 TORE L e S A A L, 85 SRR AR 5 B R 30
R ER, Hh S ASHI+da A&k, TAMEERX G090 T K& Bm-ASH2 H: K5
BT, RILTRIIIE E-box XJ T HZ) TGt E 2. scaleless AN 81t H 58kt 5-
Ui ANE] 200 bp 1 WT JH BT A0EHEA Y (B 7.9), A8 WT 2K )8 8h FiEPER 1/4. 11 scaleless
R F AR 1 741 24 b, XX B 26 bp P A A LU E B DRe . eI PR A
SIS RS INUE ] T W, ORI BT M R AR R A S ED (B 7.10).

U A5 DR FO T 9T LR 5 R I AR A o AT T 3P AR R K A 7532 (E0E%%)
figh R AR RN S FE R R B A AR P A R I Bm-ASH2 R H 30 7741, R B HA AR
KA, FKAM Bm-ASH2 JEDK 5 31741 i ik T 26 bp X Bt IER KRB Kb, HERAG
¥y CEREIsz 4l scaleless J& /™ 2E 1: 1 A FR D, Bm-ASH2 HE K5 3l 17 41 B 2 22 5 1,
RIVEAT TE TR R R P R0 S 314 o 1K Lg% 24 S0 3 ) Bm-ASH2 JEK 5 3l1 741 H 26 bp
e S 5 TG P i S AR A R E B

T HE U] Bm-ASH2 LR IR 335 S 2 5 1 o i B AR LA (R OC R R 35, FRAT AT
7 Bm-ASH2 KL[IAI1E scaleless il it &K IESLE . A3 1EL M1 hr3 352K A Z ARG
B, PULEMERE D BAERNGEME CEMAE, 1998) . B 564 9¢ 0t 3 My ik & 5 8 & 46
pBacPAKS8-IE1-ASH2-hr3 H1i#] ASH2 KPR, AR5 DUIR BUA N SR 2 12 h i, 36 h o kil
TS ORL IR i b 9 R VE, I 2 B ARSI HE Ik . XAk ASH2 LRI 2K A
S R IA B T HRAKHE . Fe e A5 UL Bm-ASH2 I R I AR 7 55 A i 42 e 1) 3R A B
EHPLERT =R, RIS pBacPAKS-TE1-ASH2-hr3 ki {Fik$6 T 12 h i, HiEHA#. I 60%
TS I ORI RS S scaleless Av ik [ 7 28 390 i 6 1y Db A 30 0 8 086 2 (Rl A Y AR /N By
XA (E 43, B 7.13), i ERIE A 5 B A2 8 5 A i i B AR (GR 7400 B
BM-ASH2 i [ g 55 A 38 11 5 1 T2 19 1) 206 T A 78 43 4 A5 ) NS 413 150 B 5 e 3 1 1) B PRI e
T Bm-ASH2 DAAMWBEER, AT i 4% 6% v (1) B ). Bm-ASH2 I PRl ik 2 3 55 e 8 8 40 460 ]
scaleless 2 6% Fi, 5t B 555 - FH 5% 1) Bm-ASH2 (1 L3 s b Rl i 2 L R S5 4 b i 1 (H
SN REHERR AT LE R 2 Bm-ASH2 1) SR #5115 | S ik 1 S i o IR Be R AR SLE—P s NS iz
(A5 I EAAIE 55 o

LR B A . scaleless [RAR R A2 I e m oo, Horp LA B0 N IABE N 25 A2
WL . (RS T ST J5, scaleless Zidk ) 5 1y S5 W A 2 ORI OCHUHE A0 A SCARAE
W54 . [N, scaleless 1T b I AN 4 B AT 8 A A, T 7030 S O 1 1 350 43 DX 3T R A7
—defgk b, HORREE R R, N E T A B REREE - (5F-—FE; Yoshida et al., 2001). &
=R, FAMPUAS ASH FEI 7RI b0k, ISR IE R h e iy 0 d~3 d 2 1ls B
Bm-ASH2 ANAEAE scaleless Wil IE % ik 4h, Bm-ASH1 I Bm-ASH3 [ AR MEAE scaleless Al
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WT KA JLF5E 48, SR 221 Bm-ase 76 AR JLFR AR B R IAE S, {HLEHIF)4) 30
e IE k. i LIRATHEN Bm-ASHL 1 Bm-ASH2 3= % vl s S5 M k6 A (1) & 25 T Bm-ASH1.

Bm-ASH2 F1 Bm-ase J& [A] i B % 1 i kA (B 7.14).

A Scale precursor (pl) B Scale precursor (pI)
(B::J—ASHI] Bm-ASH?2) (Bm-ASH1, Bm-ASH3)
Plla (Bm-ASH2) P[|lb Plla (Bm-ASH3) PIIb (Bm-ase)

’__I Programmed I__I I__I

Scale Socket cell death Bristle  Socket  Necuron Sheath
1.14 REBFABEXNE. A, giMEsE R B, BOntEelf, A REEEH “Bristle” &7~ (1 Galant

etal., 1998)

Fig. 7. 14 A Model for silkworm wing scale development. A. structural scale, and B. sensory scale. (Refered to Galant

etal., 1998)
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FNE & it

SR B 75 i Py A 6 H R ) R AE 2 6 0 TR H R R I AR B S, T
fif . A6) S P 5 Pt T P 6 LA R e O R B LRI A AR, DR ) S P iy A1 B R A 3
%o REEWFUSKEY L, FaE PG FEEAA EEMPTTM . 20 thed 90 fERY), 5K
IR T — A F A AP nlw (BLH 44 scaleless), o sy AT R A (o s 5 st
27 £ FEE B T LS8 AR R AL JE iy SRR DR R B PR MEIR . AR SO A R A8 T 4 i i i
FARANT, i or T USRI BR AR RO s T K 2 S B B B R IR T K A 4y M) Iy
fEo 70 AR SR W S R S B R 3600 b, 1 5 NTEA 22 B0 BT T K 22 Jo i Jy 39 58 A8 ik
scaleless [FIFRAURFAE: AR5 NG I A= P02 A BEWT 90 T KA il T2 %, R IN scaleless MRS
AN M B T AT 0% . el T 57 achaete-scute Ak (AS-C) HIRISAARE, FH40Hr T EA1
(10 DRT 25 4] B AT SR 2 AN IR AL 23 1R 83 43 A MIE R A i i B R h Ik I AH . 7R LA ERIFIEI
JEfit b, X scaleless AR 73 FALELEAT THRE .

MEKZEL) 4 RFT— E B ET, §75 3 U8 B R A KEs, (1S ) iK1,
Ak 22 J5 TP AR s R R IS R DN AR A B I B o R SO T A A S A 4y
22 J5 A R B W T TR 2B R0 “u” PR K. 5 4l dU R BURTE
KK LA NS, HEEBR K, 2~3 d L& 8~11 d XM BEh B A2k ds ok W &,
11 d IR AR TR DA G . Wf R ZF e O R R B 2N, AR ST 28 1) R/ N AR
B S AR, AR I (0 2k, BRI e R, AR R % )
TR FEEU IS . SRR BN TR 1d S TR B RIS A SE 0k B . T4l
SRS PR AN (R B e 0 e il 28 o — SR A, P XN A4 5 KA ] s I
IEHAR: BEAERATRMER, KEFMETLLER K. KA. =08, HLHEERELTE
AR K KA s I H AT P I BR R BE I 22 i 80 s LT, e L R KR E
VST o FHEDN 55 2 v b 25 A HL A T 0 PR ) L R 4

&) H 1N ] scaleless L5 B AR 7R SR A A0 4)) HRUR I AN E FA IR 0 2 s LS Rl U A AR
FKATWIE AT T 8%, 110 scaleless B H 3 IaT A1 G s, DRI LT 2B 0. i
BE R LAY R (1) B AR 0 5K e il U T AT 85 P4 (socket cell), 1T scaleless [FIE1E
By JFH WT (16§ Jr 2L scaleless [F1K H.2r X2 o 48 J5U A A% Al SERHIE B scaleless [ 98 AR  71Y
H 8 5 [ B P IR R R s ol i SR G . 5 R U WT 55 scaleless #1 )5
A EBRAH SR WG WT K b T 6 1R 2 5= Hh O HLAS G ik (a) st b i
scaleless (13 ik I #ARAAT M o S8 D53 3= AR5 DT U i 60 Aol L8 T i 1 9 S oL, T e
oy AR FEREAEE scaleless [ zx ik 8 [ 5 J 2 35109 22 o S G4l 150 WA S840 A 3 v A4 (1 B0 F 3 30
TR A MR, HEIT R T R A

F A MRS R B IR P AR AT AR TI S, AT AAE |d RO R L, B 2d
UFNE, ST DU HE 5135 BV 22 6T 0 A L TR A B RN S DU 71055 D A4 gl A2
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JrREAN LD o Ut BH 7E 5K A 1) A T AR P A B A T ke e i Al R I B e . S
IR AL, scaleless S5 (1) & B I PR AT 15 WT JSAE T St W HE 51 1 % 5 BEAE I, 1T &7
3 d IS T A U AR T, AT A A AN B LE R TR, B S AR A i R Ik T
PR .

AS-C i SN R A B, B-ASHL $ il s i i (1 & s BRI &5 & 2B S BT
BCHT cDNA A S PRade 47 19 772 i th vl 1 DUAS X A ASH ZERK], 43l i 44 4 Bm-ASHL. Bm-ASH2.,
Bm-ASH3 il Bm-ase. PY/M3ERF ¥ cDNA K E 537000 1332 bp. 1449 bp. 990 bp F1 1 695 bp; %
H 4ifih 193,239,241, F1 404 N2 L2, 8 A BUF 5147 —> bHLH £/, Bm-ASH1. Bm-ASH2.
Bm-ASH3 (1) C-iig W [F]If BAT 16-17 N2 FEMR PR F X o BATI 9 5 1 £ 5T ) bHLH B Al C-iig
PRAF XS e B ASH RIS IR iy o BRIE,  DY/N5R AR ASH SERIFF4 AS-C IRV A4 BRI (15
Hrp Bm-ASH1. Bm-ASH2 Hil Bm-ASH3 4 it e KL [Kl, Bm-ase & asense LIHESSIIE] . Bm-ASH1
FEF A = AN R AR TR AR R UG — AN, 10 Bm-ASH2 FI Bm-ASH3 HEAL I35 % ¢ R AN B
Bm-ASH2 55l i) B-ASHL Jit PRI 2 5 1) & 11 542 e 40 (R 53 90.3 %, bHLH X4 100%
it ZEHEMFE DG WY R KRR AT A, L5207 PUASEER R 121.8 Kb [1))7
G, ABPUAS 41 (8] AN BE I PF % . KA AR 4123 Bm-ASHL F1 Bm-ASH2 Jt K ik i FEl Al Ay T
2, FERAEE A KA, i Bm-ASH3 Al Bm-ase 7£ P4 IR 2 H s A Wil 31 3545 5 . Bm-ASH1
F1Bm-ASH3 JEF 73 MAEMAG A B 1) 5 d A1 3 d HEL—ANIA0E, 1] Bm-ASH2 III7E 3 d F15d % H
B—ANEAE, Bm-ase th7E 3 d HHEL—NEME, 10 6 d~7 d BIRFFRGE IIRIA AT, WIHER R R
B ISG AT BE AR P IR R 2 R G B il o o] UL ASH JERITE R e R B Ik e k40 iz
MEERAE, I HVUANER BRGNS T R0, RV A Re - i # A GRS K & ) =4
JEUA 20 B DR R R Py — 0P I, DRI oy 44 A SR 4 FRUR I IR 6 5 U AT

Bm-ASH2 55 W) B-ASHL H AT M i (1) — 250k, HED Bm-ASH2 b5 58 A 3 i 5% v (1) 4 A7 %
HEMAEDN scaleless 5828 R P~ L LEBEH Bm-ASH2 JE[K 7 H B 40 frp i) s ik . FE =
RT-PCR G A A8 45 FUESE T 3% —HEM, RUHES 1) 6% - REAH i Bm-ASH2 R A e ik s 1
scaleless {1t I F A 1R /D 140 B vb B8 A% A6 1) Bm-ASH2 JL K [ 345 5 o T8 i o 5 A 4 R A4 77
K Zx Bm-ASH2 JL [K i 5 1 41 FL i e B scaleless AT — BEESE) 26 bp [F 41155878 I 5
T 40 R ) 30K R GERT I ) 2 s, scaleless (1) Bm-ASH2 JEK i #1315 1 S5 #2445 26 bp /7
HIFEN 12 200 bp 1 BrE B AR A 21 e SIS PEAE 4 EMSA 45 3 5o it 26 bp P8I REER: 7+
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