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Gene expression profile of the early embryonic gene of the silkworm, Bombyx mori
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ABSTRACT

This study was aimed for development of a useful genes that has a transcript expressional specificity in the early embry-
onic stage of the silkworm, Bombyx mori. We constructed and analyzed a full-length cDNA library from silkworm’s
eggs which after a lapse of 2 ~ 6 hours post oviposit. A total 960 clones were randomly selected, and the 5’ ends of
the inserts were sequenced to generate 652 expressed sequence tags(EST). 334 unique ESTs were generated after the
assembly of 652 ESTs. The annotation of 334 unique ESTs by BLAST search revealed that 156(47%) of the sequences
represented known genes, whereas 178(53%) of the sequences has no matches in the database. Of the 156 known genes,
the most abundant genes were heat shock protein hsp20.8 gene(12 times) and ubiqutin-like protein gene(11 times). The
functional groups of these ESTs with matches in the database were constructed according to their putative molecular
functions. Among thirteen functional categories, the largest groups were protein synthesis(9.6%) and cellular orga-
nization(8.1%). Further defined studies on molecular functions and biological roles of their promoters will give us well-

fined information and its application.
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uhe] 32 2 (EST, expressed sequence tag) ¥4 7]&
= kst AEFL] S H A2 NE A2
AAE w=alr] fdst 7P oAby B e® Je o] &
HaL glem, EST WM& 53 deolgmle]x 752
AEA Alw d7-E5 3] fst AE AT ¥ ozt
24 75 A7-E A% 7Ix2AREE LI uf-
=vH(Goldsmith et al. 2005, Olsen et al. 1989). Yol 4
A AF-Fofell M, olu] &AM 2004 °F 500 Mb
HEo] ol F%Eo] =5 T(Mita et al. 2004), 11,000
N7} Y= EST BAe] <235 v} 9lvk(Mita et al. 2003,
Ote et al. 2004).

ol (AAZ AFE Trichopusia nidlA 7LE Ao
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Fat

2k (piggyBacys ol-&3te] oM E Alztet F 4~

HHAY 270 ol el FUgre =R 7HeAd o] EelE

(Tamura et al. 2000, Imamura et al. 2003). Z|Zoll=

AgHrol| 27 ZFEbllat 22 Izt A 83 A=

w2 & A Aksl= 7] & (Rika et al. 2006, Satoshi et al.

2007) 3 oz}, Alg3Ao] 3t FIt HgEE ol

2HE ookst A Fgahiale] §3tel §FuAE o

= W AR = 9le 7S 7A] =2 oh(Kim et

al. 2012, Kim et al. 2013).

HAA ol A2 HsiMe AoldAE 22ke s 3t
A 3G FHHA| o] Qo] TN FR3}H|, = 5
FAA e 4 FAASA AL wphy o=l A
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of g A7} Ho] Fol glvh(Handler 2001, Satoshi
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et al. 2007). o]2]gt EAAL | A3sl7] A= opekst
71%¢] ol F Aol 9 mpAL] sk A
transposase &S T &H o2 FAI 4 gl TR VEH
o] Aol Barolct.

H A= o] 7] A= 2 HE wiz} B =
Zlol WA == FAAE g sl fARERE B
o] ol SR 27 URRAAL H o] Eful o] 2 (eegEST)

TE8tarat slgle). ol oA 27EfAa b
Ej] o] 2~ (eegEST)= A A S ol A2t A]|2®le] &
918 Z2RE R A7l NExAREA

%

M=
1. BA| ZHE A total RNA E2|
SHEgIA Ak s el A QFAIRE AR
ol ZH124(Bombyx moriys FAABEZE ARSI T ol
wizp S 27] b fAzke] digF Ads 913 cDNA
A -S A 2] 98] Abst 3 2 ~ 16412 73 st
oot oF 5008 22 HE] 2}7}$- PBS(0.1 M phosphate,
0.15 M NaCl, pH 7.0) £o] 2% 43 homogenazer
oA} wlgF ¥ RNA isolation kit(Qiagen, CA, USAYS

Arg3ie] A2} iredel @) ol RNAS 55 2213}

I EAFEAR A F AY dirix] -80°Ce] E3
slsic).
2. cDNA fXXxI28 =t

& 223} total RNA 100 pg2- €] Micro-FastTrack
.0TM mRNA Isolation Kit(Invitrogen, CA, USA)S A-8-3}
o AZA} wl47dell T} poly(A) RNAMRNAYE 4
Halgl 3 BaawA e A4 EeS AR o] & &
4= #2]8F mRNAYX ZAP-cDNA synthesis kit(Stratagene,
La Jolla, CA)E AF8-3}e] Xho I linker primere} 937 A}
F4E 223l 2" strand cDNAES A5kl A <3
Al 2" strand cDNAE DNA $EA4F 2" strand cDNA
o] wers e UEst ¥ EcoR | adapters F2HAIZiT}
of 7)o AFEAE Xho 1 M3 F 5ml FeprE 39
= o83t cDNAS Z7|H= FE3le] 500 bp o] 4]
cDNA #-37HS &33le] Uni-ZAP XR vectordl] 44,
ZAP-cDNA Gigapack III Gold Cloning Kit(Stratagene,
CA, USA)®| wli7dol ule} $H3t bacteriophage el 7}
E|=F coat protein® 2 packaging T2 2ZH] ol A=
Z7)e] &A= cDNA AR Al=Fsbad e, A=
%l cDNA fFAHA-238-2 SFAE (XL1-Blue MRF’

A3k

strain)E AF8-3le] phage € ES

1/K
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A 2FEl cDNA §A A28 © 2 XE iy vivo excision®]
osl F2H9] oF 960709 FEYE AWt A =
2uE ampicilline] 379 LB AR (1 mb)el| A 37°C,
12A] 7t Z1ebwljoF8t ¥ Plasmid miniprep kit(DyneBio,
Korea)s AM&-3le] 2+ F29] plasmid DNAS <558
et & Rtk 289 97IME2 AERTIMYE
A AFA] CEQ 8000 Genetic Analysis System(Beckman
coulter, CA, USAYE AF8-3le] A Z2A} v ol ule} B4
< APsAe. A" 97149 A E | Base-calling 2
quality assessment 332 SeqMan II program$ ©]-&-3}o
Hl ] sequencesE Zﬂﬂfﬂ F, 200 base ©]3}e] 2> &
I} low-quality 25 A 73k ESTsE ‘High-quality ESTs’
2 F83lgd o} High- quallty ESTs:= 97|49 AsAS
nlete 2 o ESTe S84 AH(unigene)E Alwtslxr
BLASTn/x ZAME &3t S33Ae] ARE £33
©}(Choi et al. 2007).

= — ]
S =TT

to] Z3]-fdAte] 7] FF= AmiGo database(http:/
/www.godaabase.org)S E-3ll BX (Saccharomycetes cerevisiae)
2] functional classification catalogue®} ¥]3}e] 4=3) 3}93 o}
(Ashburner et al. 2000). £ °ﬂ——|L°ﬂ/\1v‘= AukE] 33470 EEE]

4. U2 [HEXL| 7|
7}7)

T4 AFE- protein synthesis category 5 137 7| 522 £
sl
ZEEEY
AT X7|4UE FHX2E M=

FAAE A s
25 A7) SlE, Ak
I F 2~ 1647 A Fol| 42 AME-Ele] cDNA A
A3 A z2kstadrt. A2 cDNA F-AXR3-2 [n vivo
excisions F3 6.5 x 10*pfuml o]Ake] H7}5 zk= 7o g
= 7 FEe AFE DNA Z7|= 7 500 bp
ojAbo 2 3holxlo], B adFoA] #|2El cDNA FHA-
L ol AT 2] SRR AL $I8 HA o
st Zle 2 FAutE e vH(Choi et al. 2007).

A2kl cDNA 32k o 2 HE] T2k 2 9607

o A u
= 1L o

=
=2

ste] 7 S8l AFsi® cDNAS 5 Ut
o] B A7IM Y ARE #53te] ESTE A=t 2+
SEL 2T 'HE = 47144 Ze]7F 200 bpeldial ‘Low-
quality ESTs’ & A £]8F 6527 ‘High-quality ESTs’ 5 &+
B3lgio) 6527H High-quality ESTs: ¥A3 & %%4
68%= A8kt AWE 65271 High-quality ESTs:= 4



7144 alignment #H5 3 25 33449 S3FAA
(unigenes)-‘?‘— Auksl 4= 9)giv(Table 1).
ATl AE 3347 FHFAARE ol A=
‘%}*B Z7)e A E = FAAEEA 71E FA AR
(GenBank)Oﬂ A =} /ch_ =] J X 7} E.EQ o] 3}\711,} =
u| 2] 9] A2 AR AKRE o) F3H(Choi et al. 2007)
Z+7zke] =3 -4 2}= NCBI Blastn/x 74 2& E3)
1% AR LA SR F5 @714 At

AEA JHEZ F2]4F E-value < 10° 22 2A315]tH(Lee

Table 1. Summary of eegEST analysis generated from early
embryo of the silkworm

EST category Number of ESTs % of ESTs
Total sequenced clones 960 100
High-quality ESTs 652 68
Unigenes 334 35
Known gene” 156 47"
Unknown or novel gene 178 539

Y ESTs without significant matches (E > 107).
®- 9Percentages in the unigenes.

ol e 2 PR Heleulo] s

7=

et al. 2002). ¥4 A}, 7]E ¥l o] E{u o] 2ol FFHH ] 9l
= Az Q71T B2 AEA el JAEE 156709
known genes, o2 7}A] 7]%5o] W XX QA ==
A9 AR AL Ao R 5 Sl 1A
unknown genes®® F-73 4= 1 H(Table 1).

2. 9 SHA EMEM

E AFolA ARtE el AR Z27) E-fA A} ) o
Elu]o] A5 ‘eegEST’ & WL, eegEST S -F42k
o] A HRE= A A28 EST online database
(GenBank accession No. FK250520 ~ K250853)¢l] &5
3} ch(Table 2).

Fig. 1 eegEST 5 -F3Ae] FE4d
Ao ZA 33470 ==§AR}F = 23] o] A}
=N B 3% AAsee e, ) 29
B AR 191)@43%)% SHRIFIKE, ccgbST 5947
2 F 7P 2 sl EE Bl AR dF5 A
9] 232l Bombyx mori heat shock protein 20.8(hsp20.8)
FAAREA FHul=E 123124 #AME AA EST] oF

2%% AAEFH L T2 2 2= ubiquitin-like protein -3

Table 2. The most highly occurred (> 5 times) genes in the eegEST database

Clone ID Occurrences bp Putative identification Origin Score” E-value”
EEG704 12 700 > gi|148298693|ref]NP_001091794.1| heat shock protein hsp20.8 Bombyx mori 347 5.00E-94
EEG004 11 789 > gi|112983974|ref]NP_001037410.1| ubiquitin-like protein SMT3  Bombyx mori 186 2.00E-45
EEG785 8 657 > gi|9626262|ref]NP_040598.1|tailcomponent Enterobacteria 291 3.00E-77
EEGI21 8 652 > gi|157111023|ref]lXP_001651356.1| cleavage stimulation factor Aedes aegypti 120  8.00E-26
EEG496 3 650 t>r ag}qiLtinltigz\l(iingﬁ;i304.l| endonuclease and reverse Bombyx mori 47 0.001
EEGO071 8 484 ;ﬁlllr::islzrz(izﬂgt;ﬁrgigggk’Sil(l):r(:gll;?e hce(;lsjacea tonoplast Salicorniaherbacea 71.9  3.00E-09
EEG860 8 773 > gi|110641351|ref]YP_669081.1| minor capsid protein B Escherichia coli 415 1.00E-114
EEGS578 5 758 > gi|112982946|ref]NP_001037094.1] kiser Bombyx mori 404 1.00E-111
EEGO11 5 600 > gil71032745refiXP_766014.1| hypothetical protein TPOI 0494 Zg;frﬁuggvj 35 3
EEG170 5 458 > gi|112983924[reffNP_001037279.1| ribosomal protein S29 Bombyx mori 129  8.00E-29
EEG197 5 561 > gi|185049997|dbj|AP008998.1] B. mori genomic DNA Bombyx mori ~ 75.8 2.00E-10
EEG456 5 788 > gi|148298831|ref]NP_001091840.1] tuftelin interacting protein 11 ~ Bombyx mori 44 0.009
EEG532 5 531 > gil112983420|ref]NP_001036984.1| heat shock protein hsp 19.9  Bombyx mori 300 4.00E-80
EEG623 5 557 > gil12657702)gblAF178882.1/AF178882 Drepana lacertinaria 28 rRNA, ]a?:t‘i’igfia 472 9.00E-130
EEG630 5 518 >gi|114052751refNP_001040274.1| GTP-binding nuclear protein Ran ~ Bombyx mori 191 1.00E-47

YESTs BLASTx/n stringency
PBLASTx/n expected value obtained from homology analysis between the ESTs and nr database.

score.
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Fig. 1. Histogram showing the number of ESTs at each level of
redundancy in the eegEST database. Among the 652 high-quality
ESTs, 191 appeared as singleton ESTs, whereas 143 appeared more
than once. The most frequently represented gene in the eegEST
database was Hsp20.8 protein gene, which appeared 12 times.

o =37

27 113]2] 2 E3=E Yehlsich(Table 2).
Hsp20.8 5212 o 27 b= (Hsp, heat shock protein)
T F A2 27N &3k BARA o5 whAl
g A3tk 7)5el #ek w2 A7 Ay HA gle
, AlES] A A7)0} 3ol whel 1 W ] £
A== EA]o] Joh(Velu et al. 2008, Hwang et al. 2007)
| %2 i EAY (embryogenesis) FH 3] FH 7| &
o AkE F 484]7F ool 3 (multivoltine)S fr=3F
| 7] el djabe)l FAT B4 9 5
ol 2po]7} Ql5-S B3} vl 9] 2w (Ponnuvel et al. 2010),
Park 5 (2011)& Yol wiA} 877t F Abgk F oF 9
AlZbe] Z24& wj7}A] Hsp20.8 whi Al kel gfe] w3
o| ZH 7t 20713 o] Folli= Wl o] §43] FHAs)
E45 Bast vt Qo) ol el vz HETIZ F
54 A7l dFA& 7hgkees oAl whegke] =4
o] 7hsslet: A& om|shet. weba Srol wizpEA A
7)ol BolH o2 wHsl= Hsp20.8 Az T2 REIES
&3] Fof] FAAZE Ao EE Atale] P 3

2

9

1
L

=
=

RN
.

AL Azt 54 whae] azsh g o
JHom 248 5 AL Ao A
3. 28T 27| SHK IS 8

eegEST 534 2F2] BLASTx AH&Ad (score > 100)
MANRES vk R St AlE W 71%E 753t

o] EREZ ZAsHTHTable 3). £ ATelXE AmiGo
d o] e o] ~E5- BH8-3}o protein synthesis categoryS E
gt 1374 715 shE e 2 B5sldv). 3347 eegEST
=254 F 3270(9.6%) SHAA7E AE W SR
A (protein synthesis) 7]%32F Q3= o] gl= Aoz &
Ql=g] e, M| A (cellular organization)Z} FHE 7]%

71299} -
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Table 3. Functional categorization of early embryonic genes of
the silkworm(AmiGo)"

No. of % of 334
Category . .
unigene unigene
Protein synthesis 32 9.6
Cellular organization 27 8.1
Protein destination 21 6.3
Metabolism 18 5.4
Cell growth, cell division, and DNA
. 12 3.6
synthesis
Transcription 11 33
Energy 10 3.0
Protein facilitation 9 2.7
Cell biogenesis 6 1.8
Cellular transport and transport 6 18
mechanism '
Cell rescure, defense, cell death, and 4 12
aging ’
Classification not yet clear-cut 12 3.6
Unclassified protein 166 49.6

DFunctional classification of 334 non-redundant
according to their biological process.

unigenes

I AdE SHFAAE 2770 (8.1%)1 A= FAFE A
a2y 33470 SRR 5 16671(49.6%) SRR
oAl op7bA Fsel HaE HalAA gebA ¥
Fopos 4ol 94 R Aoz Hlgelc
® °4:rl'°ﬂ"1 T5% eegEST FH-F3AEe] 34 7%l
Sk A3}, i A 3} o]F A wk
4 26 BT 4 ol ARAY A RH R B
- RH(protein synthesis, cellular organization, protein
destination) H]&°] A 24%E A sl=d], o]= u] &
T SHTAAE Al2shE eegEST S22 F 50%
£ AA s Aoz EIE I T(Table 1). o]2sh A4
el 2% wiAbe] WA 27]) FAAE ER e o
el o zA, £ F AL LS Tl ol&
o] FHA|EAR o]F3le] FAEAS e 3 F9
M Eze] FAFHA wizpdAY o] A|zfsiA] =L, A<
A 5] Eekd, 5 e WE1RES] S st
718 e] wg7)ako 2 okedA 9lehBoo et al. 2005).
Ag7e] YA Ao AR BFS FAL
2 ZPE 3L glont, ol HAAI w8 '%“J—‘Jr 29 7]
T Al A QA A4S 913t ol 3AASE A
28 WA el et AT vl AlgPg o] vh(Kim et

_._L..%:
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Yol g 27

az

al. 2012, White et al. 1996, Guo et al. 2005, Tomita 2011).

249 PAAIE ALE A% Azw ARL 99
A B84l B Aol Adst £4¢ FUAg
A AL % EA A A R b PR

A A FH Ll3
A Hgsi

2 ATE 5 75E ol o=
Z12} o o] B o] 2 (eegEST)= 51k
B A oz, A sl o] Azt ‘3-1 At A
B84 I 54 o whAe] wRisk S
Agbre] Ak Al 2"l S Sl Aol &
= AT 5 s Aoz 7IHEH.

Pgshe okt Z2re) AR

¢

N
N

st B

o
=N
[¢)
o
o

P
T

o
i

2} 3',2 ~]6/\]7]-o] ﬁ;}a} =
S FZHE cDNA ‘le P—%B% A=Fsldet. A12Hel cDNA

fAEgeos B w0l 2L AN Tl P

2 G7IMg BAS B3l ESTE Azttt B4 % 652
7} ESTs & 97|49 A5A 248 £3 15671191 71&

oAzl ke 178702 m|A 9] frAzkE A" 33470
SRFAAE HE Adete] ‘eegEST = 3.
eegEST A A}, 7]& A7|Md AR} °‘4_'31X‘l 15671
S35 23] ol F¥I A o 143712 A
ALl 34%E A s o, Hsp20 8 wr?ﬂ 2k(123]) <}
ubiqutin-like FA2H113]y7} 7H =2 &9 Hl=E g}
Sk Ea cegEST SRR 34 7o) e &
FrollAM 2% FAR WA g 5 9= 713
g3} ARG A Al 2098 A ek qleleh
AT 2 E el AR 27] HAFAA} d o] B
o] 2 (eegESTR= 2% ATt AT-5 913 BEA T ¥ o}
e JUART AT AT 22 TE AL AT 2
43 £ 9lg Aoz 7|y E

#Ael =2
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