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Influence of Incubation Temperature on Expression of Diapause Hormone
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Abstract Diapause of bivoltine silkworm ( Bombyx mori) eggs is influenced by the living environment of their parental
generation. When bivoltine silkworm eggs ( parental generation) are incubated at 25 °C in lightness, the moths will lay
diapause eggs. In contrast, when the eggs are incubated at 15 °C in darkness, the moths will lay non-diapause eggs.
For probing into the molecular mechanism of how incubation temperature regulates diapause in bivoltine silkworm,

bioinformatic analysis was carried out on the 5 cDNAs of
S HHEA: 2010 — 12 08  #:ZHHEA: 2011 —01 -04 diapause hormone receptor gene, namely Bmdhr cDNAA

FBHTE: HKAREAE 45 H ( No. 31072083) to Bmdhr cDNA-5, which were cloned from the ovary of
. _ 3 R A :
FEEA ijjm( 1986 -) .35 LI BB B. mori. The results showed that these 5 cDNAs of Bmdhr
E-mail: mbst0820@ yahoo. com. cn
B L5 ST 5L, T S0 gene were from the same mRNA transcript through differ—

E-mail: shenxj63@ yahoo. com. cn ent splicing patterns. Among them, Bmdhr cDNA-4 and
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Bmdhr cDNA-2 encoded the same amino acid sequence. Amino acid sequence encoded by Bmdhr cDNA-4 had 99. 2%
identity with that of BmDHR-. Eggs of bivoltine silkworm strain Qiufeng were divided into two groups with the half-egg—
batch method. One group was incubated at 15 “C in darkness and the other at 25 C in lightness, respectively. By using
real-time fluorescent quantitative PCR, the influences of incubation temperature on the transcription of Bmdhr mRNA were
analyzed in different developmental stages and in various tissues. The results showed that: Bmdhr mRNA-1 was ex-—
pressed mainly in ovaries of pupae and its mRNA level quickly reached the peak level at day 4 after pupation during
which the pupae were most sensitive to diapause hormone, and the peak mRNA level of the group incubated at 25 C
was significantly higher than that incubated at 15 °C. Bmdhr mRNA-4 was expressed mainly in hemolymph of silkworm at
various developmental stages. Especially, its expression level from incubation at 25 °C in lightness was 7. 7 times to that
at 15 C in darkness, implying that BmDHR-4 might be a key factor determining whether the next generation eggs fall into
diapause. Expression level of Bmdhr mRNA-5 was high in ovaries of pupae at 2 ~3 d after pupation, and its mRNA level
in the group incubated at 15 “C was higher than that incubated at 25 C. Yet from 3 d the expression of Bmdhr mRNA-5
was reduced and up to 4 ~5 d there was no significant difference between the two groups. These results provide experi—

mental data for elucidating the molecular mechanism of silkworm diapause.
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Table 1  Primer sequences of Bombyx mort diapause hormone receptor gene ( Bmdhr) for real4ime fluorescent quantitative PCR
319 A5 -37) FI#% cDNA Ty /¢ FYIIE [ bp
Primer Sequence (5" -37) Target cDNA T, value Product length
1f TGTTCTTGACTTACATCTCCG 60
Bmdhr cRNA-, Bmdhr cRNA2 146
Ir CTTGACGGCGGTATCATTGC 62
3f TCATCAAAATGTTGGATGAC 54
Bmdhr cRNA-3 152
3r AGGTTAGTCTCGTTTCTGAT 56
4f ATGTTGGACGATTGTTTTCA 54
Bmdhr cRNA-4 146
4r TTTCTGATCGAGTTGCCTGA 58
5f GCCCAAAGAAATAGCTTACA 56
Bmdhr cRNA-S 157
Sr AGGGCGGTATGTACTTTCTA 58
A3f ATGGGACAGAAGGACTCGTA 60
BmactinA3 154
A3r GACACGCAGCTCATTGTAGA 60

1.4.2 %5 PCR ] PrimeScript™ RT reagents
Kit( Perfect Real Time) ¥4 2% & 7 I 1) A {4 F1ZH 4L
RNA #1755 5%, R4 54 cDNA. DIFGBE 5 151
cDNA AR, SR 26 1 rh 0y & X 51 9 3 il 2k 47
PCR ¥4, e W & F: 95 °C 3 min; 95 °C 30 s,
60 °C 30 5,72 C 45 s,3L 30 4~ E#; 72 °C 5 min,
PL 1. 5% S0 e I i KA D 7= ), OF 246 B i
TAY TARHOR MRS A R A A

1.4.3  SER96E s PCR - {fi ] SYBR® Premix
Ex Taq™ ( Perfect Real Time) &5 &, $ii5 BH 1 b 47
Real-time PCR [z W o [ W 194 °C 5 5,60 C
10 5,72 °C 10 5,40 MEH. LL25 CWIET 400
W& XF Bmdhr JEPH S mRNA #E47 %€ & 70 07, 21>
FE Al 3 RS S8 . th 9Ot E i PCR X Chromo
4( BIO-RAD) HF Opticon Monitor 3 443545 Bmdhr

1 BmactinA3 F:[R Real-Time PCR Jz W 1Y Il i 1E ¥6
$( Cr) 18, UL BmactinA3 2R, 2 A E(AH
X #e ik i) = 27 om0 SRR X R Gk W, T
SPSS 16. 0 ( Statistical Program for Social Sciences
16. 0) B fForHrkis

2 HRE5HM

2.1  Bmdhr R FE) 534

¥4 Bmdhr FE[F 1 cDNA 751 5 52 4 5L K 246G
IR AT X L 45 5 5% Bmdhr mRNAHL fi7 47 12
S YA ( Scaffold: Bm_scaf84) , 4K %5 33.79 kb, ]
TR FH6 DNNEF (B o 4 Bndhr cDNA-
2 .cDNA3 .cDNA-4 .cDNA-5 {5 %1 5 5% 75 3 [ 4
YA T T, S5 R 4 F cDNA XF 9 mRNA ¥
Y5 Bmdhr mRNAA {3 F3E R 41 B9 AR R 07 & L f R —

e (23]
an o
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e s AR mRNA DA [R5 28T F2 ik o Bmdhr mR~

NA=2 5 Bmdhr mRNA4 A1, 854] T45 6 4) 5.7 447

bp KM FIZE 7 4B F; Bmdhr mRNA-3 5 Bm-
dhr mRNA- AHIY, 554 745 3 4 .+, Bmdhr mRNA-

4 WAEE 3 ST, 5 Bmdhr mRNA-3 ARl 2 3

A B 3 NS F( GU-AG #Y) K 14 bp J751,
%5 4 Sh 73400 T 14 bp, {HZIX /b 14 bp 1)
‘WET7 W8 T GUAG BN & T, Bndhr mRNA-5
A 1AM T 56 2 Ah R T FI55 2 & 150 3 Ak
5 5 3 NS TR 140 bp FPA1.

ST shEF2 SMRF3 O AhETA4 S TS ShRFe SRR
Exon 1 Exon 2 Exon 3 FExon 4 Exon 5 Exon 6 Exon 7
N\ ATG 253 / \ TAA 1560 / / /
Bmdhr mRNA-1 (2 679 bp) - + (! { + b — ]
155 874 221 106 484 561 278
ATG 253 TAA l 560
Bmdhr mRNA-2 (2 287 bp) —— — 1 1
155 874 221 106 484 447
ATG 253 TGAJ 059
Bmdhr mBNA-3 (2 458 bp) —1 —— 1+ — 1 ]
155 874 106 484 561 278
ATG 253 TGA 1 560
Bmdhr mRNA-4 (2 472 bp) — — 1+ ] — ]
155 874 120 484 561 278
ATG 253 TGA 1053
Bmdhr mRNA-5 (1 742 hp) — ]
155 1 587

B 1 REHFHERZEER Bmdhr S 7 mRNA K FF 51| L1 451E

Fig. 1

X} Bmdhr ZER ) 5 4~ ORF 23 # 3RBH, AT
5°-UTR AH[A] , 2 4 % 6% F 3 F 253 ~ 255 bp, &b F
%52 Ah I T X 3. Bmdhr mRNA- (1) ORF 4> K
1 311 bp, 4ifi 436 & FERAY LK, X 5 3CHk [5]

HIE9Y 45 52 —3%; Bmdhr mRNA=2 5 Bmdhr mRNA-

1 B ORF A | DI EL 025 5 E 2 — H R pa
ST AU ), DR M Hy 2% 25 ) ) — 9 5 32
%4k BmDHRH; Bmdhr mRNA3 f#j ORF 4x K 810
bp ., %ifi% 269 /4~ HR: Bmdhr mRNA-4 [ ORF 4>
£ 1104 bp, 415 367 S~ R ; Bmdhr mRNAS 1Y
ORF 4:K 804 bp, 4t 267 & FMe. ¥ rh 2 A

f99¢ ORF 7 41| #E 5 09 B B R )5 91 £ 47 LA, Bm—

DHR-3 .BmDHR4 .BmDHR-5 5 BmDHRH i {2l
JE 5351 96. 3% .99.2% 97. 0% , H i e 45 45 5k
ffg 2, BmDHR4 5 BmDHR [ C oK 3t & 2 R ¥
S 58 M 1A o

PSR XS i/, BmDHRA 547 7 5 JEIX
s, HiAy 3 AU i K Z 4 ( BmDHR3 . BnDHR4
A BmDHR-S) 7351l & 5 A5 X

Structural features of 5 mRNAs of Bombyx mori diapause hormone receptor gene ( Bmdhr)

2.2 Bmdhr SEAE 4 HUHFRIK 5387

TEM AL 22 4 94 &) U], AN 18 2 e A T 1
MRIRAMET B RH Bmdhr 2[5 5 Ff mRNA 33k 2 #0
BRI ASN) AT & B I 22 (8] i 2k 2 5
RN LIS IR A 75 41 R 9], F = 0.330, P =0.596 >
0.05) , H i s AIGIEME T LR E 254 1%
4 dh Bmdhr mRNA {93235 R, F =0. 133,P =
0.734 >0.05) .

FE 5 WA A IR SR BRI R A L L2
AR 8] Bmdhr mRNAA . Bmdhr mRNA3 F1 Bm—
dhr mRNA-5 ) 3RIAT0 1 2 25 5, L) Bmdhr mRNA-
TE 2 MEF A FRA R 5 4 PR Py RE 27N
], F =0.107,P =0.761 >0.05; Bmdhr mRNA-4 7
WSS 5 A v 1 3k s I, v TR AR AR
T ALY 2% 5 .2, L% mRNA 75 2 M ab 3 4
GRS Ik 22 R B, F =8.489, P =0.044 <
0. 05, 1fj1% mRNA 7E M h#s R (K 2) I
R E AR R HE AN 7.8 £%( F =41.28,P =
0.003 <0.01) .
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Fig.2 Expression levels of Bmdhr mRNA-4 in various
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Fig.3  Expression levels of Bmdhr mRNA in various

pupal tissues at 2 d of pupation after incubation

at different temperatures
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Fig.4 Expression levels of Bmdhr mRNA-4 in hemolymph
of 5th instar larvae, pupae and female adult after

incubation at different temperatures

Bmdhr mRNA-5 7 I 1 51 52 b ) 23k 1 40 5
LGRS 4R R A ALY 4. 15 4%, 2 A
2K F =130. 179, P =0.000 3 <0.01) ; 7§
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Fig.6 Expression levels of Bmdhr mRNA- in pupal ovaries

after incubation at different temperatures
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Fig.7 Expression levels of Bmdhr mRNA- in
pupal hemolymph after incubation at

different temperatures
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25 B3, LIRS 3 d 7% mRNA 7 2 MEF 4L
PHLZH W (A B 8L i Gk 22 o), F =28. 714, P =
0.006 <0.01; 1M 2 MEFH AL A5 3 d
IR, 1% mRNA F3R7KF R B, H o (IR 8 7 20 S R
SLR R I AT A S 4 d B R GA
BT, FELURIE 4 d A1 S d Y B A DR B
IR BEES, UG 4 d 1% mRNA 75 2 M
T AR S AR B S g FRA 25 R ORI, F =3, 396,
P=0.139>0.05.
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Fig.9 Expression levels of Bmdhr mRNA-5 in
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different temperatures

2.4 Bmdhr SEPRTE BRI 258 0BT

Bmdhr mRNA- 7E iR A AR 2 S 4b
FHLZE ) i L B B B A ALY P ) Rk AR AT
HZERARE, L% mRNA 75 2 MER AL HEZH B
GRE R IE 2 5 N6, F =0.104, P =0.763 >
0.05. Bmdhr mRNA-3 7E 2 U A wr kb T4
K, 2 B fi i b B ] () 25 AR /e Bmdhr mR—
NA-4 75 R PSR 7 R i 2k it Ak, Ho
F2E T T A T 2 R I R FRA R AR R
AL 11.5 £%( F =25.803, P =0.007 <0.01)
(&l 4) o Bmdhr mRNA-S 7 5 A 75 AR IR AE 7 2
AR e 3 A AL 2 )RR AR B, H 2
AT A B ) TC 1 25 25 55, LATE R P S iy 3%
KA, F =0.703,P =0.449 >0.05.

3 g

RNA 874572 . DNA AR 5 5% 53¢ Hh 08 fe 907 ¢
PR L NS, PR AN B SRR T i —
HEZE RNA 73 i # o 78 Bmdhr JEP KA 1T
T, 5 Bl Bimdhr mRNA J2 [] — %% SEAS AN ] 5 4
FRMGEE ., H b, Bndhr mRNA3 5 Bmdhr mR-
NA-4 1P FILA 14 bp 192251, 15 B Bmdhr mRNA-
4 By 7 U LU BURRIR , T2 3 N & R i A TR &
A BT A 4 SR BURE N T 14 bp, fERHIT
T EAE RS D , B BmDHR4 () C 7K 3 & 3 1R 1 1)
5 BmDHRH 784 —2, #E I H 55 BmDHRA 7E8 1
g A —E AR Z Ak o

ARSZH Real-time PCR Al (14 45 2R 1275 Bm—
dhr FERITE S8 4 )y WU 0 2638 T AR A AIR, HL i TR A
RIRAE TS Z 18] JC .2 22 5% Wi Bmdhr W JT 46 R
FIB,2 T AL PR 2 1) L 25 %, UL B
dhr FERANTE ) U] % 5 R 3 -5 76 16 301 09 55 20
LT DR BR 2 K T 7 U 2 e A 58 Y AL

TER AR B4R rh, BmDHRA 2 G 2 F I
AR, RE R S IR B B R K Gq &1, 1
R T AR I C B 5 E0E FIFE S .
TE S [R5, 23 531 60 7 S 7 O B o R 7 A
BB SG /™ i & O Y 0 v S B IR, Kb
S 1 B G A R B U R R R Y R
LHAHI N AL, Bmdhr mRNAH ()R8 ARG 2 d
TRE I, TR IR AT 7RSS 3 kB > .



222 7

IR

2011;37 (2)

ARSI 2 Real-time PCR #i, Bmdhr mRNA 3238
FEARHADE S b 3k, AR 2 d A3 d ERIAKOF
i, HARE M S A S T s 4L AR E E2xEE
PR B U IR 4 d B 0 R ARG Rk KT Sk
A E R, iR 4 TR 4, X
S 3.5 d 1) SG 43 K i B PR EH T IR
v i) BRI 2 e — B

Bmdhr mRNA-4 3= % 76 5 A W P 3%, B &
TR AL 2k 5w TR S AL, M7 I b 3%
IR ARAIG, 2B BmDHR-4 (1) 3235 32 48 75 L 45
FELEMA S DH BN Kitagawa %517 %81
e R T A AR S A R 0 10 9 P % DH K
g AT T A IS, FFIA A DH 430 3] 1
Hr R R B R L B OGN E . DH S5
R ZARGE BT W SR TG L (8 IV b )i
P o) ok ISCRT A W R A TE A BRRE A B i — 2
JRETE , F5 J W 00 rh Al SR L AL R
ANESLEH, Bmdhr mRNA-4 78 2 /M8 5 Ak 78 21 i 39
M 23k 22 5 DH 78 M3 H 1 7K T 25 541
2, 4 BmDHR-4 ELAT {2 1k 52 4 — Ak ok 5 b B i
BRANAER, AR M T I R A R R
A7 B P SR 2 — o

Bmdhr mRNA-5 =B 7E MG OF 8 h 335, H 37
P R 2 R o % mRNA 7 2 A 7 b 35 4
W12 d RGN AP 22 kK P Gk B, ELAR IE 4
T A I R8T v T A 75 s T AR KT DH S5 BURK
(G 4 d TFUR 7% mRNA FE 55 14 09 3 (1 223k 7K
SRR LA R TR T A S R T R A (H A
THAENEI 4 d BFZ mRNA 3288 M EF. &
T iR A0 4 d if BmDHR-S ik
(T o HL I = AR A O O L 1 2 TR
FEFFLIEL 1 ~3 d BmDHRS ({228 5, It 57
BWMERL AW/ T BmDHRA 5 F M E LA 1AL
5, T = A AR & 00 L s 2680 15 T — 2 A S0 il
W%

FERL A, Bmdhr mRNA-4 75 Jfil i ' 32 18 5 55
&, R R M R, Ho4r 3 F Bndhr mRNA FE&-2H4H
H Rk AR AR, HL 2 AN Ab 34 [A) G i 3
25,

ARHFFE LU T 5 A AL A AR R AR S iR A
AT AT R B MR Z R A W HR IR, N
) B R 4 5 B ) 43 MIL R R 3R 1 4 S 9 0l

S 3Lk
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wit A B EE 2%

(BRMFIRGTEHFEADL LY PEHEF A PERLHFRELARHNEHAORLE S Lok — 5 Kk
BT o 20 #4290 FAR AT Brak £ B (L5 A48 ) CA) sk, 38 JUE sk 48 A b BAHGE LA R 7 (F B o 4
F) (P BFRPAGAFMNHIEE) L TA B LS HAEE B0, (PRRLBE I VEF S E2H LR DA
F W e 09 NGEHA ) 2006 IR P E R LA KT B, ARG EAITCRABR BRI, S EEENGAE 3 AN
(F) AR, FE5ER ZFA . £B. 2B WA SEBUAAAHEF 2B ANBRFUEGA XFITELTHALH®L Z,
2002.2004 5, AR R K P Z B F v mA B R FHF) —F £;2007 SR AHBEHH BRI —FLPHRAE
EC S

ARRNEFEAZEER TERBEOEFLFIRANA, EL S EHINFLELLAHTFANL KERAIFA A FHAR
ARFFERAT . o910 25, AR ENZE REGER, RFTELR XizE 5%, 5% LReGH AT
F L FL AT ET T RAFHRMEOEX F

(B AT DA 40, b T (RA S A+ b KB F 00 BRI A B I IRA 023 5 B0 1R 4, AT
AL DF LA RP) PSS, KA S HARFIRSAZ &0 BT RM R B 69 RS H 5T AL B e L
B = su Tl %, RIS & b 37 2 5 AT Kedd T A,

AAGHEH 2349 EAMHEHEL LG AEA R Sk, FE2AETLWEF TEERRZAN, ST R
15 BV G, BATH 5 84 2 E X 6h R AR .
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