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Molecular characterization of diapause-related genes
in the bumblebee, Bombus ignitus
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Abstract

To find diapause-related genes, we were performed by differential hybridization with three types of [a-"P]dCTP-labeled
total cDNA probes synthesized from diapause-prepared, diapause-maintained and diapause-activated stage of Bombus
ignitus queen. Nine individual cDNA clones were found to be differentially expressed in diapause-maintained and dia-
pause-activated stage. Among these clones, BIDCY(BIDC ; Bombus ignitus differentially expressed clone) was analyzed
through full-length sequencing and expression pattern analysis. This clone was specifically expressed in the thorax
organ. The effect of Juvenile hormone analog(JHA) and CO, treatment was examined. JHA treatment induced the
expression of BIDC9 ¢cDNA clone abruptly after 4 day of treatment. CO, treatment induced also the clone after 2 day
of treatment. BIDC9 ¢cDNA was identified as Bombus ignitus diapause gene contained an open reading frame of 1376

bp encoding 255 amino acids.
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3HpH of -8 ¥38l= ¥ 9d*H <4 (Genus Bombus spp.)
ofehd2 A 7]7F F<t A2l 23t dFE AAA
FozA AAxes Fuo] elutE Al o] 53l & dUF
T3 A FAe] whSe] A5 vk(Heinrich 1979). Akl
ANA ol2gt el elstabd > A5 A FHo=w F
Alel] w2 49| FlPHS diFer AQakstaat s 7
o b Ak fr=shed Aoz € 4 lok(Larrere and
Couillaud 1993). °]¢} Zre] F oo FH S 9l$|H L
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=22 AlE Hodw. kA wiHE FH s Ebebele
-2 Flodd&e] A AW AW RS s sk
I oA &S dieFoz AYAkste] v
22 At 7)ol 'AEe A717F Hdk(van den
Eijnde et al. 1991).
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2. RNA £&
an) - A2z 38by o] 99 total RNAE SV Total
RNA Isolation System(Promega, USA)S- o]-83}o] E=2]s}ic}.
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primer(5’-AGC AUC GAG UCG GCCC UUG UUG GCC
UAC UG)¢} reverse primer(5’-GGG AGG GGC AAA
CAA CAG AT)E AHE3te] F353h o AAlskdH. 1
AHE-E hybri-dot manifold system(BRL Co., USAYS ©]-&
slod 37ko] A& Tof] 247t 100ng® FYFHSE blotting
stal 350 Sl om FAE st old ARgs &3>
Frdell Sei7b7] A, frde] s <A, fael
ol AXE eatE e A7) RAE vre] 3ubH o skl
2 HE] E2]3 total RNAE o] -§-3le] A3 Ist-strand
cDNAE AR5+

4. Northern 2410f 2|5t REXte| s et
Anbgl FAzRe] kS B 9IsA] melA, 2.5°C

oA Y 2 2hY 7 YA XeEld oJshHERE SV
Total RNA Isolation System(Promega, USA)S ©]-8-3}]
total RNAS FElslodc). =t 22 Az 4y At

< 27 S wE, 7k, wl RS R el A total
RNAE 23l 2] total RNAE 1.2% E5%H|
3| =Alel A7]d53 §, A& 20 X SSC £4(3M NaCl,
0.3M Sodium citrate) 22 }UE qho]] Ho] A7] F UV
AR~ AZ RNAS XA Xe)s Jd & g v
A E9194) [0-7P] dCTP #AI3 FralAloioal F2
478 cDNAE ®H3 o2 vkgA|AA el =
g FAHEEE FAAI(HA) B COA =l HeiA o™
W& Mol =A5 Elsr] Sl 1A frfE=E
AN JHAYE o194 mlEld 208 FAP|2 E73d AL
olof] Foidt F 7§FJr°a1—’F‘iﬂ_i total RNAE skl at
EAZEA AElE COEES 60% o)A 30527 A28}
747 E total RNAS —‘v_—ﬂﬁ}‘ﬂ Hhe ok % A

5. H7IMEEN

77y Al S8 742 M9 4L 913 BigDye
Ready Reaction kit(Applied Biosystems, USA) £} ABI 377
DNA sequencer(perkin Elmer, USA)E o] &3} £4
% A d-Z Blast searchE §3l] o fFxiztete] Ae4d&
ZA} 3k eH(http://www.ncbi.nlm.nih.gov/BLAST/).
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Table 1. Inventory of differentially expressed clones ESTs isolated from diapause-maintained and diapause-activated stage of queen

Bombus ignitus

Clones Putative Identification Species Identity(%) Score
BIDC1 Immune reactive protease inhibitor Glossina morsitans morsitans 51 84
BIDC2 Lim protein Bombyx mori 74 78
BIDC3 Pheromone binding protein Apis mellifera 71 84
BIDC4 Heat shock protein 70 Cotesia rubecula 93 97
BIDCS Ligase Bombyx mandarina 44 92
BIDC6 ADP/ATP Translocase Apis mellifera 92 287
BIDC7 Unknown - - -
BIDC8 Unknown - - -
BIDCY9 Unknown - - -

wer | —
-

BIDC 8 owe

BIDC 9

rRNA
N inwnnne

1 2 3.4

Abdomen Whole body

1 2 3 4
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Sug 10ug

Fig. 1. Gene expression of B. ignitus diapause-related BIDC7, BIDC8 and BIDC9 clone. Total RNA was isolated from several stages
and organs. Total RNA was separated by 1.0% formaldehyde agarose gel electrophoresis, transferred on to a nylon membrane and
hybridized with radio-labelled BIDC7, BIDCS8 and BIDC9. 1, before mating ; 2, 1 month treatment at 2.5 ; 3, 2 months treatment at 2.5
; 4, 2 months treatment at 2.5 ; A, Head ; B, Thorax ; C, Abdomen.
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Fig. 2. Gene expression of B. ignitus diapause-related BIDC9 gene. Total RNA was isolated from several stages exposed by JHA and
CO,. The RNA was separated by 1.0% formaldehyde agarose gel electrophoresis, transfered on to a nylon membrane and hybridized

with radio-labelled BIDC9 cDNA.

Maruyama and Sugano’s method(1994)Z- o] 8-5}o] A|=z}=l
cDNA Az} 23l A Qo2 At 2885 5353 o
L, AA 8t 1 ALE-S hybri-dot manifold system(BRL
Co., USA)E o]83led 37| UYdE ol 247t FUdFL
2 blottingd}al 3%¢] gz A3} 3l Frie] A
e A 2 Fe] elgl Alel] SelH o ub-gE &
25 AEE 4 qldch(Table 1).
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TGG AGT GAT TGC CGC AAT TAA TAA CAC

CTG CTC ATC GCC TGT ATT TTT GGC
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S S
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S S
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D
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CAA AAA
Q
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E
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K K

CAA AAA CCA CAA GCG GTA 540

D K P

AAA CCG GCG GTA GAA CCT

E P
GAT AAG

GCA AAG 600

Q

GAA CCT GCA CAT AAC GAC 660

v D K

GAT AAG AAC GAC CGA AAA
R K

AAA ATA
K 1

GTG ACA

CCC AAA 720

Q

ACC GAA AAC CcCA CCG GTG 780

T

TCA CAA AAA CCG AAA CCT 840

CCC ACC AAA GCG GAA GAA GCT GAA 900

CCA ACG GTT CCA ATT ATC TCC CCG 960

CAG TTG GCT GCA CGC CGT TTG AAC 1020

GTA AGG CTT GCG GTC CAT GCT GCT 1080

ATT GTA GAA GTA TTC GCT GAG GTA 1140

CTT CAG GAA GGT GTG AAA ATT GGC 1200

ATT ATA ACG GCT GTG TAT 1260

ATA TGC AAC TAT GTA 1320

AAA AAA AAA AAA AAA AGG GCC 1380

Fig. 3. Nucleotide and deduced amino acid sequence of the B. ignitus diapause related BIDC9. The open reading frame of B. ignitus
diapause related BIDC9 is shown as uppercase. The predicted amino acid sequence(single-letter abbreviation) is shown below the

nucleotide within the open reading frame.
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0,5 A=t 452 Akt
o]2jgk Az= BIDCY 222 supi e Frel A7k
Aoz FAHELE AAE 4 9)Jem, Roseler and
Roseler(1984)7} A oJehd S shib7iag w3 A 7]H
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23vk(Fig. 2).
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S B vh(Fig. 2).
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