b T B S
R ELEER

512), 211~217 (2013)

J Seric Entomol Sci
http://dx.doi.org/10.7852/jses.2013.51.2.211

SA
< il

>

[ AT = =

FollLtdt UM So|LUE AL Y

Azt AU - AAY - QAL - BAS - ZBE
FEAEA ST AR

Investigation of lifespan related genes of the silkmoth, Bombyx mori L
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ABSTRACT

In general, the mean silkmoth lifespan is around 8 days for female and 5 days for male. But, the duration of J037 strain’s
lifespan is remarkably long in both sexes. On the contrary, the Daizo(sdi) strain has a remarkably short lifetime. The
differences in adult lifetime among various silkworm strains has been suggested that the adult lifetime may be genet-
ically controlled. In this experiment, using J037 and Daizo strains we investigated genetic factors related to the adult
lifetime of silkworm. We constructed the full-length cDNA library from the adult male of the J037 strain. A total of
2,688 clones were randomly selected, and we performed a differential display hybridization with cDNA probes gen-
erated from J037 and Daizo adult males. In conclusion, 193 clones were identified as differential expressed genes, and
154 unique genes were generated after the assembly of 193 clones. Of the 154 unique genes, the most abundant genes
were cytochrome oxidase subunit-1 gene(9 times) and unknown(clone ID; 1-50) gene(5 times). The functional groups
of these unique genes with matches in the AmiGo database were constructed according to their putative molecular func-
tions. Among thirteen functional categories, the largest group was unclassified protein(24%). In addition, we analyzed
the nucleotide and deduced amino acid sequences of the most highly occurred gene(1-50, EF434397), which consisted
of 240 amino acids. However, it is confirmed yet that these genes really have an affected on the silkworms longevity.
Further studies on these molecules biological roles will give us well-fined information about mechanisms of insect aging
and/or scenesence.
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cDNA FAA-3] A2F 2 a4} 72 F(EST)
7MY A5 53 FAAEL] dolEulo]a BAY
S A = oM LAEE AR F3H B
A& 7158 sl= 71 B A el by o] w(Olsen et
al. 1989), A= 75 AFelA = cDNA F3 G71A9 A
X7} vk=A] 2 Q3lcH(Goldsmith et al. 2005). EST 7]%
EA Az} 249 g o] o A i ok
A5 $3 =R E de] 345 g,
F MEA wx ZEAYERNE Ee]4, 3 ~Eda
W sle RS AgsiY A g 3

al

312 #Fs)r) 93 7|2 S S8 9loh(Adams et al.
1991, Newman et al. 1994). ©]&% EST g o]Eju|o] 2~ &
Lo] AR} 7 e A o]t M 2g FAAL Whzel] BH o
2 AREE o), AP RN E A2 oAt W
DNA 97] MY& 719 doleule|2e} AA e =x] &
A3 ARk g o] Loldlal Aj2E- Ak Ve =
FA3 4= 9)7] W Eo]vh(Boguski et al. 1994).

At WA7] Ft, AR ES ) frRlaeke] WEE U
AEST A 77 552 B Sk o 7]
= Ao M x9S AR AAREA 2 s A
A, o= 35S W A 72 2 75 Sl #
g 7184l A7EEk ohet AEA 7 AA 6| I
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A Ed T st AFe2AE gl
v §-A A2 A= age-1, dauer, daf, spe, mev, clk 5
©r(David and Johnson 1987) o] = daf-16 542}
o GFE v oIel AAEE FHAOR &
tod A Smo] 1A 7)%5-S 3eK(Coleen et al. 2003).
Z3}2]e)| A= Mus, NDC, SOD, CAT, EF, InR S°] 93}
HAHE AR 422 9)=H(Anne et al. 2005, Johannes
et al. 2004, Satomi et al. 2003), Z3}2] methuselah 54
A= 9] S FHd 35% 7HA] 24 4 glokar B
a5e] glek(Lin et al. 1998). o] &lol|= Sz} =314}
< ] S8 Hekst Aot AAEL e, At 5
A=A 7} A3 FEA AR FolAl s A 25
(telomere)ol] 3t A7} B 1% v} Qlok(Bodnar et al. 1998,
Chantal et al. 1996, Nakamura et al. 1998).
Gubdow FUG AHE 2AoA ShpRe Sl
vls] oF 1.5v) BEA7)F Aol X I (Murakami 1991), F
o BFAREEA(25°C) ZANA shpe 7~ 109, 4
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Hhe 4597k AT QA glek 2 el A
Fo| A%E A% 590l % dojAlee Bl 9l

(Murakami 1989). o]2{3t 42 7]z} o)l 9] brain-central
nervous systemol| A #AFgteh= Azke oAl vl glot
(Murakami and Shimada 1988). Kang 5-(1999)- %% ol
51 10373} 22 FE2] Daizo(sdi)2H-E Ay A
3t SDS-PAGE H&l-& w]agk Aol A, - 7o &
T 2 FElo] FEEE > glovt 54 =l
AN ASA Nl FE 7 T35 B 2lelE Erlgh vt sl
A B Aol A AR "H 1i g 243 373
L 2HE AAEE g AAHAES R AES
RS A7) 918 w2 A W fAAl xpE st
A1¥ ] (differential display hybridization)o] 2] o] &4
I 9 (Kim et al. 1996), o]23 A W& 9 A
7t & Apolubs Follvbiel] H-8-skow lv“"ﬂ"]'t”
7 A4 AHE FARES HEE 5 e A
A} ofel E Aol = %‘%P"“’dﬁrﬂﬂ"ﬂ/ﬂ li‘n‘
S} 9l tEA Q] A 1 whro]] 5291 J0372} Daizo(sdi)
S8 LR AL APESPIEY S o] 83|

o Fpao =
o) Szt AT FAAE A D,

;(1‘

3] B2

]
=

Mz 9

1. BA| 0 % RNA &=5£2|
Ay ol pilo g HE] Srda) Hdt Sopdd
AR AEs7] 918 FA] roll F502A =95
gkl FRALF g Tl A ASgE AT o] FF 10373
D o] EF Daizo(sdi)2 AHE-8HIT} 10372 Daizo=
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SRl o] Hfgal ol A F

A4 27} 71 2 A2 ode#] Qlvk(Kang et al. 1999)
J0372} Daizo ¥%9 3} 2% up) oF 100mg S 7
Zy AA A L7 F7] kel A wla g F RNA isolation
kit(Qiagen, Valencia, CA)YS AR&-3}o] A=A} “H-;’“Tﬁﬂl UF]-
2} total RNAE &pe]alal B3 A4 2 At §

Az A&

g wj7}A] -80°Cel] H.33}ict.
2. cDNA SHXIS8 K=
Ao FZF J0379] 4yl total RNAE Micro-

FastTrack 2.0™ mRNA Isolation Kit(Invitrogen, Calsbad,
CAYS AF&3lod poly(A)’ RNAZ 44+ 2] F cDNA
FAAR & A2kt cDNA R AR A2k ZAP-
cDNA synthesis kit®} Gigapack III Gold packaging
extract(Stratagene, La Jolla, CA)E 2185193}, 228 poly(A)”
RNA®l| Xho 1 linker primere} S HALEAE AlE-3)o]
2" _strand cDNAZ A1 3}dc).

DNA F3EAE o] 83le] 2"strand cDNA®] Evhs
Hdoto 2 TkE thg EcoR 1 adapterS $-2A]7] 3L Xho
[e2 dxhst ¥ 1 mb EetaE IS o83t cDNAE
sizel 2 FF3te], 500bp o] =719 EH TS
oot 2313 ¢cDNAX Uni-ZAP XP vectorel] ZA3HA1# A
348k ¥ ZAP-cDNA Gigapack II Gold Cloning Kit(Stratagene,
La Jolla, CA)2] vi++del| u}e} 313k bacteriophage AYel 7}
H =5 coat protein® E. packaging 3224 Ao (J1037)
T cDNA AR Al=bekodet. z{]z}:ﬂ cDNA
AR -2 SFA E(XL1-Blue MRF’ strain)S AF8-3}]

phage =5 AN
3. AHESIHMYE =AM | Mu

A 2=l cDNA S A23] 2 2 X jn vivo excision|
o3 F2h9 =2 2,6887] F2YZS Aubste] ampicilline] 3
7HEl LB HAARRA (1 me)ol| A 37°C, 1247} Zebufekst
MWG plasmid prep 96(MWG AG Biotech)S A}-8-3}o]
2,6887l EFE}A|E DNAS &4 Hejsle] F 25 2Ale)
Aot g AT = 100°C, 587 HAAIL F 7
o) eI ol el Fehsn] = DNAGO0 ng)E
Hahgdet. 3 o] A E e 1037 Srpel A
poly(A)+ RNA$} Daizo F=vhabolA] £-2]3F poly(A)” RNA
= 27 M-MLV gAALEAE AFE3te] 1"strand cDNA
2 PAHT FES FA F LIRS 913 2
o= Algslydo g3 Az J0373’Jr Daizo =1} 1°-
strand cDNA 1 1g¥& Z12F 1.5ml FBel] Y3, of7]e] 1 g
oligo(dT) primer, dGTP, dCTP, dTTP (20 mM/each), 120 uM
dATP, 10 /4 [a-32P] dATP (3,000 Ci/mmol)$} 20unitsunits M-

ol

747}

H
U

ol



MLV HAAEAE 37 Y3 147 < JHAPES-S
3lgdet. o7]o) 2units RNaseHE X 7}8la 37°C, 15%2-7F
whS3 F F9)d4rt AE cDNATHS: G-50 Sepadex(GE
Healthcare) 25 2.2 A A|3}ed W24} xpEsAE S 9
3 DNA-DNA hybridization 93 .2 AR-315]t}.

4 B2 QMG BN o SHX HE FHY
e 22 P

A S el AR ol
Q71N B AEA7I NG 24 A Perkin Elmer,
ABI3TTE AHg3te] Sa)steiny. 7 d7]e] Al
ready reaction kit(Applied Biosystems)S o] &-3}of WF-g-o)
S A5 PCR $FS 33 F, wAHES AAls
o 4.5% ola oujo] =A A A )5}t of=E o}m}o]
= ouEALe 30 WE 2087 3lslen, X85S A
Algk PCR Azl formamide 5 /442} 50 mM EDTA 1 /4
E el 96°CellA 237 AR F F3te] 7 wellol
2 (A B339t 971492 DNA Sequencing Analysis
Software(Perkin Elmer)ol] &J8jA EA3ldct. 2 F Yof
2l 97144 GenBank | o|Ejl o] ~F F3F AEA

Bigdye

AL Sast T AMuly] o Sulde FQ $AA HE
+ AR 55T

5. S MURHX IS5 R

apE s 2 ke Yol smztel Gxte] )5 B

F= AmiGo database(http://www.godatabase.org)E- £3l &5
(Saccharomycetes cerevisiae)2] functional classification catalogue
o} u|wa}ed 438313 TH Ashbumer et al. 2000). £ < F-oj| 4]
= Akl 1547H g3 1 A Z5]-575141E- control of cellular
organization 5 137 7]%52& EHF3lgich

6. Northern hybridization

A el e F2 AMEAAKID; 1-5000] &
A5 218l northem hybridization £-4-2- 488314 J037
Z} Daizo bl A 22]8F 100ng2] ZH2H] total RNAE
1.8% formaldehyde®} 1xFA gel buffer00 mM MOPS,
50mM Sodium acetate, 10mM EDTA)7} 3F% 12%
agarose geloll Al A7, YA E whof] T3 F UV cross-
linker2A] F2% RNAS A4 3hsdot. AME-R-A2K(ID; 1-50)
o] °F 14kbE AHE3le] A7 At AR W eR S
A2}, hybridization buffer (% x SSC, 5 x Denhardt's solution,
0.5% SDS, 50 mg/m{ denatured salmon sperm DNA)I|A] 65°C,
16A]7F 53} northern hybridizationg 3§ 5}53e}. 2H2+2] 1}
A& 2 33 A-AAFE AF F Xeray filmel] 73
AR AAR =27] F 2 EAQS R

L
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Table 1. Summary of cDNA library generated from the emerged
adult male of JO37 longevity inbred strain

Characterization c¢DNA library (JO37 adult male)

No. of tested clones 105
>1.5%10°

1,300

Titer (pfu/md)
Average insert size (bp)

A= A o) J037 9]
d3} 1589, st el Daizo T2 ¢ - HA 3943
4.6 A=zt d2A elvh(Kang et al. 1999). webA
AE7|ZEe] FEIgE Aol & Ho|= F ol FF b
< Wz, A AP AEY S E8-5te] W
A= 2ol S ZAMFOZH oo r ) LL'&
RS A 4= 9ls Aeg Alssdh

J037 =134} total RNAS ARE-3le] ¢cDNA A x}-23)
S Alzkslgd ot A2 cDNA F-AA2P 2 2 2E in vivo
excisions &3 pBluescript SK* Zelan| = WEo] 2
3 " 10570 85 729 FE3be] pfu, insert ratio %
insert sizeE AP} Al=tE cDNA FA31A3 o7}
(titer)= 1.5 x 10°pfu/mé ¢Io}. =3 HF insert size 4
<2 T3 promoter primer2} T7 promoter primerS ©]-$-3t
PCR 53 ¥ ZABslgd =], insert size= 9F 1,300 bp ©]

H“

o
Aolsiem, L F 2,000 bp o]l SEE g E3}E o]
U H(Table 1). drbd o= FAx2-F2] FEA4-2> A=t
% cDNA 3 A-238¢] plaque forming unit(pfu), T2
Ar) E(insert ratio) W Ay ©He 77| Fo=2 It
4> =4 (Sung et al. 1998), ¥ AT A A== 1037 1t
" cDNA AR Al Aba) B4 e A3t 2o
2 =

2. AHESHME™O o st & 2 Mg

Zﬂ/_ﬂ‘ﬂ J037 144t cDNA *n‘qu]'-‘sg © 2 HE| 2,688
N FES 72 Awste] ampicilline] H7F LB Al
Al VIR 5 EehsEE DNAS 4 Belokc &
) Zelan]= DNAS 100°ColA] 557 9438k F 500 ng
2] DNAE 7 A2 YdE qell 47 % 751 5-9ich. DNA
7F A" YA B 2 53 A Fo A -y ey
mRNAZ Y-8 &A= 1%-strand cDNA—- ‘%‘*7‘1‘: L2 3}
DNA-DNA hybridizationel] 2|3+ P83 S $=8)3}93 o).
2P s A, A 2pgshid 28 o AA £

U 2



#33 - Feid -

ARg S22 7.2%3) 193702 2AE A kFig. 1).

3. M XpEsies 28 EST &y

2 s ol o) Al 1937] F2ol di&) i
47149 M-S 53 ESTE 28t & 1937 EST
= A2 50 bpoll A 95% o] Ake] AbgAd o]l QA EE=
ez BFE 154709 573 2H(unigene)E- assemblydt
T AdRE, ol AHA EAM FE 9 5.7%F ZHA
stodet. 15470 =3 Ae A J037 F5 23l
" 12471(80.5%)2F = Daizo FF oM 2t
A=l 3070(19.5%)8] SHTAAZ 724 = % cH(Table 2).
AR 15400 SRHFAAE 23] o]4f ¥ HIEE Hal

JO37 probe sdi probe
e 000 o R TR
L o.o’/ coe e
. . . '.o‘ . 'R B "R
$r0 0 Soe “® 9 o0e
. Y T L . 2 ER T X
. sese 00 -descsoce o @
. . '.Z . . L ]
200 .o X K] e e »

Fig. 1. Differential display dot hybridization analysis. To find a
lifespan related gene, differential dot blotting hybridization was
performed with the two radio-labeled 1*-strand cDNA generated
from adult males(J037 and sdi). Differential expressed clones
were indicated by thick arrows(up-regulated in JO37) and thin
arrows(up-regulated in sdi), respectively.

Table 2. Characterization of 154 non-redundant differential
expressed genes probably associated with lifespan of silkmoth

No. of Characterization

differential
expressed genes

No. of total

tested clones Up-regulated in Up-regulated in

J037 sdi
124 (80.5%)° 30 (19.5%)"

2,688

*Percentage in the total clones tested in this experiment.
®Percentages in the number of differential expressed clones.

154 (5.7%)"

140 133
2 120
& 100
5 80
5 604
15
E 4 1 2 2 g4
2 2 = 4
20 & & &7
1 2 3 4 5 9
Redundant

Fig. 2. Histogram showing the number of presumed lifespan-
related genes at each level of their redundancy. In total 193
identified clones, 21 appeared at least two times, whereas 133
clones appeared just once.
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FAAZE 2170(13.6%)8 2, YA 1337) 53534
(86.4%y= 8t ¥ EH3l= KA TN (Fig. 2).

g, 33 oY FHMIEE Ze FHHAA F
cytochrome C oxidase subunit 1(gil58529281)°] 7} &<
93] S =S vehlo] A SHRFAHAS 5.8%F 2

N

e

|8} EH(Table 3). BLAST score?} E-value:= H-A =} 7¢
s F83 It 7FEe w2 A, wR e fAA}L 7T
sty B4l Fgetr| ook (Newman et al. 1994).
2 A7E Bl AEE ooy a3 SRRk A
A B A, AR S8R} 718 ad fA
2] AH el A2 w2 5] AsA el dAHFHAY
e el e Aoz FElE T (Table 3). 2, A4
EAol 23t v ] g Y x| 7)FEA 2 B3}

QA AFZ Fote] ol FHAAA) AR Foo]
299 Rew AR

4 THBH MUKHRY J5Y 25

AR 1547) Sl SRR SRR 7)1 2

Table 3. Characterization of the most highly-occurred (> 3 times) clones

Accession No.

ID Occur. Putative identification Score*E-value”

(GenBank)
gil58529281
1-46 9 cytochrome EF514896.1 199 5.0E-50
C oxidase sub.llike
1-50 5 unknown EF434397.1 - -
1-15 5 unknown EF440436.1 - -
25 4 g2247ASI6N Titinlike b yyo0a) 1 237 6.08-62
protein
1-49 3 unknown EF434396.1 - -

"BLASTx stringency score.
"BLASTx expected value obtained from homology analysis
between the ESTs and nr/aa database.

™

CLASSIFICATION NOT
YETCLEAR-CUT 1%

BROTEIN SYNTHESIS
2%

,,,,,, AR TRANSPORT
AND TRANSPORT
MECHANISME 5%

Fig. 3. Functional categorization of 154 presumed lifespan-
related genes based on the ontology(AmiGo). Functional
classification of 154 non-redundant unigenes according to their
biological process.



A - 3= AmiGo database (http://www.godatabase.org)E

Zg3te] 137 AW 75 shelaze] 2 ERsteh &
QA A A A5 2R A, A
24%2 7P w2 E3]-f-A1el unclassified protein 7]%
=& oA 7)) wEHAIA] kA vl EFE ot
el ErlEl), o232 2= control of cellular organization
F} metabolism 7]57l 242 21%, 10%7F E3 = o] 9]
%1-2m, protein synthesis ZZF3} cellular communication 7]

ST 47 2%2A 7P Bekeh(Fig. 3).
5 F2 HURNA FEEY
ATolM Adte pEdy FE F ARt =
oq. IR 7IA] 7]50] LA R] G Ao FabE <1-50°
FE2] 24 DNA H7I1ME  ofpeAl HRE B3}
gk 1-50 SE29 AEFs FREAL 93 northern

hybridization 422 A =7| & &R sttt AAM
7154 & 98 AHeE 232 [4-7°P) dATPE A8
1-50 cDNA(1.4 kb)y5 A8-5}ic}. northern hybridization 2
3}, ol el Ak 1-509) AR (mRNAYE At
oA FYgt Z7|& Wage] EklFglen, 1 7]+
o 1.5kb <l A2 FAEATKFig. 4). wh2bA] £ A7l
A Akl 1-50 S22 AR FARIAIEA Y Ak
EEARS 9 9 #dd 4 ol 150 8] A
A Q71D B, AA 1,523bpe] 9712 FAE ] Q)
%1%, 723 bp= 74% Open Reading Frame(ORF)ZA 24071
9] opu|=AkS- codingdF AA%ATHFig. 5). & ATollA] A
E 1-50 §AAF Q71 G9AH B FAAAR3 EST online
database(GenBank accession No. EF434397)] S5-=-}4]t}.

FHolu; k3lef FeAds A2 EF2

3120

T8
A3 89, 5o FuHE Hel, ASEHE - 25 Y
AbAgf So] Bgl wl 9lu}(Murphy et al. 1983, Giesel

t al. 1982, Strehler 1980). Xn|8)F2} ZF2| o] 2=
g AFollME wv|shA] o I 7S wwE 2
gle]of vl AYEAIG7F A vs Baslal 9lvk(Patridge

[}

L

Adult (3') Adult (8')

Probe
(EST clone)

1.4 kb—s
«— ~1.5 kb

EtBr 1 50

Fig. 4. Northern hybridization analysis of the presumed lifespan-
related gene(1-50, EF434397) of silkmoth. Total RNAs were
isolated at J037 and sdi(Daizo) adult male, respectively.
cDNA(ID, 1-50) was used as probe.
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CGGCCCGAGGAATTTACAACTTATGAACGACAACAGAAAATACCCCCTATAGCCCCATTA 60

ATGACTACAGAAAATACACCCAATAGCGCCGGCAACGACTACAGAAATACACCCAATGGC 120

MTTENTPNSAGNDYRNTPNG 20

ATGTCTGGCACGAGACTGTTCGTAATTAATCAGATGCGTGATAATCCTTACGGTTACACT 180
MSGTRLFVINQ@QMRDNPYGYT 40

TTGCAATATTACGGGCCCCCTGTTCAAAATAAGGGCCACATCTACAATTTCCTCGACAAG 240
LQYYGPPVQNKGHIYNFLDK 60
CTTCACAAGACAAAGGACGAATTGTTGGACAAGATAATTGATTTCCCATTTAGGCACATC 300
LHKTKDELLDKI I DFP FRHI 80
AATTTGCGGGGAAACATTAACTATGCGAATGACATGCAGAGCAACAGATGGATGCCCAAT 360
NLRGNINYANDMQSNRWMPN 100

AATATACCGAGGTTGGACAACGGTCTGGGAGACAAACTGCCAATGCTTTTAAGTGACCGA 420
NITPRLDNGLGDKLPMLLSDR 120
CGTGGGAACTCCATGGTGGATGACGACTGCTGTGGACGTAGAGACCGACGTGGGAACTCC 480
RGNSMVDDDCCGRRDRRGNS 140
ATGATGGATGACGACTGCTGTGGACGTAGAGACAATAACTTAAACTACCCTAATTACAAC 540
MMDDDCCGRRDNNLNYPNYN 160

AGTGATGCGGTACCTCATCTGTATTCGTCGCGTGCGGTCCAGCCTCATCCTTGGATGGGC
SDAVPHLYSSRAVQPHPWWMG

CAGGAGTTGAATTCCAACCGTCCCGACAATAATATGCACTCACATTCCTGTCATGCGCAG
Q ELNSNRPDNNMHSHSCHADAQ

GACGCAAACTCCAACCGACTGGGAAACAACAATTATGCAGACGCAGTTGATGCGCCCCCT
DANSNRLGNNNYADAVDAPP

CATGTTTGGGACGTGAAGGATGCAAGACCCAGCCCCCTTGACAACAGGATGGCAGCTTGG
HVWDVKDARPSPLDNRMAAW

600
180

660
200

720
220

780
240

*

TAATGACTGTGATCCCTCCGCATTGTAATTTTATGATTTTTCAAAA GCAACTGTCCCCCT
GGAGCGTTTTATAAAAAGCTTGGACTATGAGAAAGAAGATAATGAAAGATTTCACTTTTA

840
900

TTTTGATCTTTTCCCTGATTTGTAACTGCAAAG ATAAATTTTAAAACCCAAAAAAAAAAA - 960

Fig. 5. The nucleotide and deduced amino acid sequences of the
presumed lifespan-related gene(1-50, EF434397). The predicted
amino acid sequence is shown upside the nucleotide sequence
within the open reading frame. The translation start codon and
stop codon, polyadenylation signal and poly-A tail are indicated
by underlines, respectively.

et al. 1986, Patridge and Andrews 1985). L&t} ol 2]
T 3t At ATFEAE, ol ol
Me FF 1 ASAGY Aol 5 A A7t F2
o] Foig 2w, FTell o] Zjr{of ol AHchuilel] st
3, free radical Z12]3 telomere?} telomereseol| 3+ <
T Az} B3l v} g)ok(Kang et al. 1999, Tomohiro et al.
2001, Yan and Sohal 1998). 3}, FFoflof| M= A 0] AJEA]
F2~39)E 248 4 1= sdi(short duration of imaginal
lifetime) -7 AFG A Aol A &el =] oh(Murakami 1989).

-n-z%-a—a;]- o Bx}8-23ke] n|efA el ARFe 7 tloksl
AELTAM 1 dS fMsEe 24 54 977t
ghabs] 28] ¥l ¢)vH(Bodnar et al. 1998, Coleen et al.
2003, Lin et al. 1998, Tomohiro et al. 2001, Yan and
Sohal 1998). 3}AIRL o|&igt LH S| o= E731L A
gl Aol Bigt ZFHql HH FAMo| o] FolX|A] F3faL
Aok 53], Ao F2AF HA LR s AR, AT,

AT 9 299 52 #E‘?‘fw AL 27k =x YEA
2 ARSSAL gl ol EREA TR SlelA

SFollel] w]s}e] °J7LUH A4 A7 oS dga &



% Qe webd ool SRl T $AYENA &
Qo] WEe A7) AFAY ATE AT EFHY =
e ANG F U AoE ARHS E AT 5o
AR el 2 B AL A B 2

Fo TPF ARA £z w3} WY AT AT F

A
%‘& AH7L D Zo= 7|47,

)

dub oz polupite] i YEAITE G F3le]
I z0)] A

27t g3} 592 otElA] Qloh. e J037 EEo) A=
e AJds] 24w, W) 2 Daizo(sdi) FE A3 &
< A% 7 B 23 . olER ol FF T A
F e Aol FAH Aeld whE ¥ P—i F4 =]
o et 2 AFelMe Ayl 5o wAfAAE
EAToRA ol o FH FAAE %*Hdoﬂ a5
As wAMskaat sdeh A, A b mRNAES A

B3te] cDNA FAA-LHL A2k, A2he fAAke
oz Re 26880 FES FAkS] AU F g St
9 cDNAZ 72H7ke] sl o2 xpa sl & sasioet. 2
A7lA AP TSk 195719 FEL Asle] EST
AAEA BAS By HEAHOZE 154709 J037 S 5

0

o gy EH{AAS ALE ¢ 01041:13]] A el o
Al s 124709 © sHleA FhrE s 3070
2 RS 154 SRR F P B EEhl e
= HgQl §3%A= cytochrome oxidase subunit-1°2-24] =

9312 I, FA7EA] 7)ol 3l LAl wp

-

RE 150 FHFAAL 532 F AR =2 ds
== 2ok 1540 A SRS 7)sEE ERS

A3}, unclassified proteinaoll 7F B2 24%°] 534
27 E3FE ] ek B ATelA F AR dEnl=
7} 2 ZE(D;1-50)0] A7 G A obn]xal MHEE R
A, 1-508 fdAbs AAl 1,523 bp H712 74
o 9lew, 72370 A71%e] 2407H2] o}u|=AHS coding
I Qldet. & Aol A F8 47 A= Ak
= IZA|5-AA2-38] EST databasedl| =5-3}it}.

dAtel 2
H ATE 3E2AEH o) AThAY] (PJ0084752013)2] #]
slol ©Ja) o Folzom, ool A=
AEE=H
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