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HE. [ B8 )AA K& Bombyx mori ¥ KB B0 AL B2 B 28 AL B BnSDH ( BmSDH-1, BmSDH-
2a ﬁo BmSDH-2b) #9: F 450k, [ %] A 5'RACE 3 K # & £ & 3 A BmSDH 3 R 8 5 F A2 4515
o #1JA PCR 3B AR 0% 3 A BmSDH;UzJ 251 kb & BmSDH-2a RE K E#) s F R A7, 5 5 #
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%) 4 BmN émﬂ‘fi»ﬁ%d?«mumw%ém@- ﬁm&:wi%%m%ﬁwi% i@ 3 WG S F A £ S A
REVRE#ZE 23T BmSDH-2a £ R B 2 F & e #Hoh, [ 2% )BmSDH-1 #h4: F A2 EH A
( —41) ,BmSDH-2a ¢4 % F A2 445 5 % C( —41) ,BmSDH-2b ¢4 45 F Az 4545 5 h A( —40) (&AL
WAL E A + 1), WE K EBEN LR KW, BnSDH2a B 2 F & W B % & T BnSDH-1 #=
BmSDH-2b /& 3y-F ,BmSDH-2a 355 bp K E R B4 B3 F ERM B E & T 674 bp #2 1 117 bp K
BB AR R E T % E A2 BmN @G , BnSDH-2a ¢35 1 117 bp B3 T E B & B i E ik
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Abstract: [ Aim] To clarify the transcriptional characteristics of sorbitol dehydrogenase (BmSDH) genes
(BmSDH-1, BnSDH-2a and BmSDH-2b) in the silkworm, Bombyx mori. [ Methods] The transcription
initiation sites of three BmSDH genes were determined by 5'RACE technique. The promoters of BmSDH
about 1 kb in length and BmSDH-2a in different lengths were cloned by PCR. Then report plasmids with
a fruit fly luciferase gene driven by BmSDH promoters in different lengths, pGL3-BmSDH-P-luc, were
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constructed. Using dual luciferase detection system, the promoter activity of BmSDH was detected by co-
transfecting the BmN cells with pGL3-BmSDH-P-luc and pRL-CMV which contains a renin-luciferase
reporter gene, and the effects of hormones on the promoter activity of BmSDH-2a was detected by adding
juvenile hormone analogue ( JHA ), ecdysone hormone (20E ) and diapause hormone ( DH),
respectively, to culture media in the gradient concentrations. [ Results] The transcription initiation sites
of BmSDH-1, BmSDH-2a and BmSDH-2b are located at 41, 41 and 40 bp upstream the translation
initiation site, respectively. The promoter activity of BmSDH-2a was significantly higher than those of
BmSDH-1 and BmSDH-2b. For the BmSDH-2a gene, the promoter activity of the 355 bp fragment was
significantly higher than those of the 674 bp and 1 117 bp fragments. In BmN cells, the activity of
1 117 bp promoter of BmSDH-2a increased with the increase of DH concentration; however, when the
DH concentration was higher than 100 ng/ml., the promoter activity was decreased to some degree but
maintained at a high level. In JHA treated BmN cells, the promoter activity was decreased gradually as
the hormone concentration increased. In 20E treated BmN cells, the promoter activity significantly
increased when 0. 1 ng/mL of 20E was applied, and then decreased gradually with the increase of
hormone concentration. [ Conclusion] The transcription initiation sites of the BmSDH genes were
determined. The promoter activity of BmSDH-2a is significantly higher than those of BmSDH-1 and
BmSDH-2b. A certain concentration of 20F can significantly enhance the promoter activity of BmSDH-2a.
These results will contribute to clarifying the function of BmSDH genes in diapause process in B. mori.
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i A2 H A DR A 1 PR HIR B R 1) — BB AR
T SZ AR 0 AR BB B, AT LA R e B AN ROPRER 4
AT MR T, A BER & & 85T LA T
HEASARTR] A ZE TE , DA T CRAIE ) o (1) 247 ( Denlinger,
1986, 2002) , Xf B HUil & AL AT 508 A F) T 28
B O IF & R A AR R B iR, K
Bombyx mori 2 WA L)L IR & B9 B AL, AT AR g F o
WAV EY, IR B E — B2 2 E AN
S B OCTE
e LRGN RS NI R a/S IR (AR
HE S B SR R R R W TR TR IR )R
Sy BLSE U (Nakagaki et al., 1991) . B & T
f, e O P A AR L AL D LI AL s A, AT AT
REAE Ry 7 R R R O AP A L B 45 A RS A e . K
A0 L A P AT BE 2 P Ok 0 ) IR G A0 R R F
(Takahashi et al., 1971) , T 445 O &5t 5°CIRIE
KM (30 d DL E) ¥, B0V U IR R AL 3, ]
DAFTHHE 7, L 5 SO A ot D oA 200 L 1 % 5 4
BB R, AL ILALEE R & S R K B R
fif bR B A % U0 B9 P47 5¢ & (Niimi and Yaginuma,
1992 ; Niimi et al., 1993a, 1993b) , 1| %L i i & i
(sorbitol dehydrogenase, SDH) 25 ik LI L AT
WA S HE R, N I X 5 48 BmSDH W0 53 85 45 B 3%

TIE— 20 PR B 0 53 F Pl o

RAA 3 A BmSDH 3t [H, B BmSDH-1,
BmSDH-2a #1 BmSDH-2b , ¥y B ¥ U1 | 43 il {3 T4
21 SR A AR 7 25 (Rubio e al., 2011) . Fiii
FATHE & PCR (54317 T BmSDH ik (i}
RS ME CRIBAE, 2014) . ARBFFE LA A A0
Fhe“FRE" MATRE, 2087 T BmSDH FEIH 5% S 1h
B s SR B F my R, it — 20 89 BmSDH % 5%
I 5 B LAl 0 )R R A T 7 1) 43 T AL B 2R
SEIARE

1 #M#EFE

L1 #

M A A SRR RK TR RO R AR S st
B R S S0 AR, WL F I Folium mori 1]
o DAZA S WS 3 R4 d i )5 ik 2 IR 4121 R 4
B SRIBOE R 41 DNA ; U A i 26 3 K O S 41
AL FEHUE RNA, KA SR BmN (ANSL5
FARAE) I 10% JR 4 s AW (2K 55 5 £
BE7E 2R ) 1Y TC100 5 37 5L 27°C 85 5% &% Jv ik 7|
Entranster'™ -H4000 , > b 50 HE 4% B A= W3R H A3 BR 2
F 7 s W2 Ot R B A DU 3 R & (E1910), o
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Promega /A w7 i 5 B~ K2 3 2 ry v [ A4 b B 27 B
NPT E A 2 SR AL SRR XUl A
Sigma /A H] WA MR (MW 2 731.01) i L
HEWRHA PR W45 1 ; pGL3-Basic Al pRL-CMV J5i
R AR S 3 AR AE
1.2 BmSDH-1,BmSDH-2a 1 BmSDH-2b £ X 4%
FRRBANHE

FANHIAG 3 RO HLL1 215 RNA F Trizol 14
PLHL AR4E START™ RACE Kit 327 &3 L 7 v 41
£ 5" RACE #E£% cDNA, % Oligo7. 0 &4k} 5’
RACE %754 BmSDH-GSP1 £1 BmSDH-GSP2, 3%
B A T ARG (£ 1) . HFE5514) BmSDH-

GSP1, BmSDH-GSP2 A1 i 1 & i H e 51 9
Universal Primer A Mix( UPM) , 33z B0 S g0t 7
B, 347 5" RACE PCR §"34, %5 1 % touchdown
PCR § M4 FEJF: 94°C 30 s, 72°C 3 min, 5 MEH;
94°C 30 s, 70°C 30 s, 72°C 3 min, 5 PMEH; 94C
30 s, 68°C 30 s, 72°C 3 min, 25 PMEH. LI 1 %
I R BARIEAT S 2 S AR 95°C
5 min; 94°C 30 s, 65°C 30 s, 72°C 1 min, 30 |~
5 72°C, 10 min, PCR =¥ H] 1% 1 3 i b BE i
HLUKAGIN . OKE3 2 48 PCR 77415 pMDIS-T A i
iz, PRI s Pk EiE A TN RN , 43 B 4K A
BmSDH B[R s i

&1 ZBASY

Table 1 List of primers used

519 SIIFESI(5" -3") 1M H&
Primers Primer sequence Purpose
BmSDH-1-GSP1 GAGCGACTCTCTGCGCCGACCCGTACCC
BmSDH-2a-GSP1 CTCCCATGCCGACCAGCACCGCCACGCC
BmSDH-2b-GSP1 CGCTCCCATGCCGACCAGCACCGCCACG ,
BmSDH-1-GSP2 TCCCTCGCTTGCACAGCTCACAGGACCG o' RACE
BmSDH-2a-GSP2 GACACGGCACGCCGGGCTCTATGGCCAC
BmSDH-2b-GSP2 TCCGCTGTACTGGGGGCGTGGCGCAGAAG
BmSDH-2a-1117F CTCGAGGGGATGCTGACTATACGAT
BmSDH-2a-674F CTCGAGAACAATGCTGCACAGGGAA
BmSDH-2a-355F CTCGAGTCATGTTTTTCGGCGACCCT
BmSDH-2a-1117R CCATGGCGGTTAGGTTATCTGTGGCCA Jash T F Bty i

BmSDH-2b-1104F
BmSDH-2b-1104R
BmSDH-1-1136F
BmSDH-1-1136R

CTCGAGCACTAAGCCTAATGATTCGT
CCATGGTTATGTTATCTGTGGCCAT
CTCGAGCCCACCCTTCAAACCGTAAC
CCATGGTAGTTCTCGGTCATCTTGCA

Promoter fragment amplification

T RIZLFRICH 7 CTCGAG Fil CCATGG 4335 Xhol F1 Neol By YIAL #5 . Underlined parts CTCGAG and CCATGG are the restriction sites of Xhol

and Ncol, respectively.

1.3 Z=%& BmSDH ERE EzhF K BmSDH-2a EH
BREBRK BT H R PCR § 18

1.3.1 J33h¥ 5" IXF o0 sa e . F R e Lt
NNPP (http: // www. fruitfly. org/seq_tools/promoter.
html) , Alibaba2. 1 (http: // gene-regulation. com/pub/
programs/alibaba2/index. html) X} DNAStar /4%
KA B % (http: // sgp. dna. affre. go. jp/
KAIKObase/) ¥t BmSDH-1, BmSDH-2a, BmSDH-2b
LN b e e T AR AR B A o b, R SO L S Bl
FIXEAFBRFH, W Oligo7. 0 A& 31 H T4 1%
BmSDH RN R8T IX 51 (£ 1), 519t BigE
TR .

PLZ A 5 55 3 R4 22 JR HE TR 4 DNA S fi
H, 514 BmSDH-F/R 4345 45 BnSDH £ 5 3)
F5MFE X, ;W AR & 10 x Ex Taq buffer 2 pL,
dNTPs (2.5 mmol/L) 2 pL, Ex Taq (5 U/pL) 0.25
wL, ddH,0 13.75 pL, 4 DNA 1 pL, B/ FES 14
(10 pmol/L) 0.5 pL, 320 wL, PCR ¥ B8 ¥ .
94°C 5 min; 94°C 30 s, 60°C 30 s, 72°C 1 min, 30
AMEER; 72°C 10 min, ] 1% BEEEERS B DKok
P38y, P g gifb )5, 5 pMDIS-T # 4k T
16°C R, T Wi (L2 A5 40 TOP10, 5%
T EHENHFHERN LB BRR T, 37CH 3% 10
h, Pk FHME e B TV, S WD) 45 0 IR S L 3% b
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1.3.2 BmSDH-2a J5 31+ 3 N&F Bk B By
PCR 434 : 38 i K o 85 R A R T T 2% BmSDH-2a
R b R 3+ )7 8, K DNAStar {4 1 I
BmSDH-2a £ 3 81 1 X 0l g i 5% 6 1 7 45 &
Ko ARAREAFIN A 256 00 5, B 2 SR Bk
ST 5 S & Xho 1 B S AY 35 14
ML 2% 5" 000 Neo 1 B VI 2 19 FUES 19, 519
FOAE B 1, i AR TR AR

PIGEAE 5 0855 3 R4 i 22 i F P 40 DNA iy
W, 43 7519 BmSDH-2a-1117F, BmSDH-2a-
674F, BmSDH-2a-355F #1 F % 5] 4 BmSDH-2a-
1117R #£47 PCR i, PCR MR &R 1.3.1 %5,
PCR §" 1L . 94°C 5 min; 94°C 30 s, 60°C 30 s,
729C 30 s, 35 MEFR; 72°C 10 min, PCR F=4 H
1. 5% B Rehit e L kR I, Jise InDfS i i b g A= T4 )
T o
1.4 WL REBIREERRENEE

pGL3-Basic A & A7 9L R B G FL I, A&
JashFFEsE ., $Haifbi %4 BmSDH 3 [H A 3
TH I R Be Ml pGL3-Basic #¢4& 43 5| A Xho 1 il
Neo 1 T 37°CRUEFY) 2 h, Byt i W56 e v Dk A DU, I
VIl B i R Beo B ey B R Be 5 pGL3-
Basic /A H T4 DNA #8205 42, 16°C i HE et 7%
PR WAL IR 2 S A0 TOPL0, % A T &N
BRI LB [EfRREFRE AL, 37°C i 57 10 ~ 12 h, Pk fH
PR 75 ,37°C R 220 v/min FERKEFE 12 h, HL
T TR B R 4 R, 28 Xho 1 1 Neo T W) 46 52 1E
WaJa , 2% A T w
1.5 BmN ZAfapissr 554

TE 12 fLAN MBS IR e B £L 950 L i A M2
MoA IR A B4 A 85 55 82 22 T R R ) BmN
MM EIFIRL 1 x 10° 40, 3 3 AL, 1w B
I A HRE . 7E 1.5 mL EP 45 rh 43 o 25 WA %8
W, A W AN SR R R FBS Y TC-100 55 55 5 M
& 400 ng pGL3-BmSDH-P-luc [§i i DNA F1 100 ng
pRL-CMV Jit ki ( N Z BT AL); B W: 4% 2 pL 19
Entranster' " -H4000 %% Y43 7] F A & ¥t 4= Z #1 FBS
1) TC-100 R F= BEmike . FF A 1 B W FP i W 50 TR
SlJa HPIE ARG BIRCE 15 min, A A1 B IR
AWM B 4 M R 58 4 R 3R A 40 B AL, D
pGL3-Basic YL 4R R 25 FIXT R . 3R b 3 e
1 27°CHYL 6 h 5 B & AR B (0.1, 1, 10,
100, 1 000 F1 10 000 ng/mL) ¥ &2 (DH) {40

PR (JHA) g 2 33R (20F) 1 58 15 Rk, LIA
JIRCER A B Ay Xof B, 240 B 47 S 4 R 0 48 h el
BRI EE 3 K, IFHT 3 WM S8,
1.6 % BmSDH £ [ 5 37 FHE X E RN E
YL 48 h J5, ¥ M8 Dual -Lueiferase® Reporter
Assay System #:AE Ui B il LuminoMeter TD20/20 7¢
R FAG TSGR BTG . B 1.5 gL fa 4
JRIZAR W T 20 L fin A 2O 2R A I 350 1T
(LARII) 100 pL, 55 k B9 R B ISR SR
A Stop& Glo® 5 100 L #5K 5Ri , [R5 Jes 20t
YECR MGV, I 11 B DO R B M. LARE K R
PR BN B DGR MG M0 lE KRR R 3h 1Y
.
1.7 RS
Je BN IS PR RO (5 SPSS16. 0 B4R ¢ £
YA T 25 S5 W E RS0 T, P <0.05 S22 S i
#,P<0.01 HEFWEE,

2 #R

2.1 BmSDH ¥R A HFHE
ABFFHE IR A2 B 401 56 3 K B0 SL41 41 5 RNA,
Ll 5" RACE # & 3 #% BmSDH-1, BmSDH-2a F0I
BmSDH-2b FEH 5% 52 if i s . 5'RACE /iy PCR
FEYT LK S R RS R — AR i DNA f
Br(K 1), BmSDH-1 G SR S0 A( -41),
BmSDH-2a {54 51807 25 C( —41) , BnSDH-2b
G SRR R A(=40) (RIPSEIGHAILA N +1),

M 1

2 3

bp
500

200

Bl 1 5'RACE %5E BmSDH K 5t 4G 5
Fig. 1 Determination of the transcriptional initiation
sites for BmSDH by 5'RACE
M: DL500 DNA 437 Jf fa Al DLS00 DNA marker; 1: BmSDH-1
i) 5'RACE 7=¥) 5'RACE product of BmSDH-1; 2. BmSDH-2a 1j
5'RACE y#¥J 5'RACE product of BnSDH-2a; 3 BmSDH-2b 1] 5'
RACE 7=¥) 5'RACE product of BmSDH-2b.
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Hrpt BmSDH-1 F1 BnSDH-2a 5 [R5 55 A ) 36 46 o7
S EA NCBI 30d8 2 (D13371. 1, AB164059) /%
AT AL B 53 0 W) i HE R T 36 bp ( GGGGAATCA
TTTCTCAAATAGTTATCGAAGTTAACGGGTTGCAAG
ATG) H1 5 bp (GGGGCAGTAAAGCCGA-GACTGTCA
GTGAGATTCCGCGCGTCCGACATG)

2.2 BmSDH EEBEHFHEYEEERERE
e

FIHAEL A NNPP XF BmSDH 3[R 55 % # 4f
A7 B S AT IR 31500, 730 7E BmSDH-1 %
~388 ~338 bp, BmSDH-2a 3£[H —185 ~ =135 bp
Fl BmSDH-2b 3K — 176 ~ — 126 bp 4b15-5] score Hy
0.95, 0.99 I 0. 93 4% .0 3 3 + X, Fl A
Alibaba2. 1 1 DNAStar #{:5%0E i1 00 5 56 T F 454
PLEHEAT TN, 25 R R L s R 45 5 i 2 4
HhPEiE 1 kb JF A IX, H o 445 C/EBP, GATA,
Antp, EcR il En 25044,

PR AT 3 B BmSDH i ) F i 15 5L K 55 41
JECRE 3 ) Y R A% BmN 41, [R] A L2 Y oy 2 ok
pRL-CMV, DA% K HU5E 5 28 g AR B 2¢O 22 s P
MBS R A s F I . RS I ir Bos,
5 pGL3-Basic ( JC J7 3l ) #AK A L, BnSDH-1,
BmSDH-2a §1 BmSDH-2b 3£ H (1) )5 31 T 394 1% 1,
H BmSDH-2a W3 2h+ 0 1% M . 2 %5 T BmSDH-
1(P=0.002 <0.01) f1 BmSDH-2b {J )58 F (P =
0.004 < 0. 01), 70 & EfiITHY 21 £5 A1 9. 7 £%
(El2).

0.14

0.12

ek sk
T o010}
Z 008}
0.06
0.04 |
0.02
0.00 — .

pGL3-Basic BmSDHIP BmSDH2aP BmSDH2bP
J& 17 Promoters

&2 BmSDH H:[XJ7 2 F7F BN 2 g o i) 15 44
Fig. 2 Promoter activity of BmSDH in BmN cells
B ROR 3 S LI P £ bRt R « KBy, B
SRRERDPE(P<0.05), WETRREFMEE (P <
0.01); F ¥l [6l, Data are shown as means * SE of three

FOCR X
Relative luiferase activity

independent experiments. Single asterisk indicates significant
difference (P < 0. 05), and double-asterisk indicates extremely
significant difference (P <0.01) by Student’s i-test. The same for

the following figures.

2.3 BmSDH-2a AEKERHFHBEMNEREMN
S

N T #E— T i BnSDH-2a J3 3T R, T
15 A HE T 5 il 2% i AN [R] < B8 Be i) BmSDH-
2a JE B FIK B Y i A Ak D 2H BORE pGL3-BmSDH-
2aP-1117 bp-luc, pGL3-BmSDH-2aP-674 bp-luc Hi
pGL3-BmSDH-2aP-355 bp-luc 5 pRL-CMV i ki %%
Y3 BN 4iififg, 45K 87,355 bp KJERY BmSDH-
2a RS TIEME R E T 674 bp(P =0.018 <0.05)
1117 bp KEM)E ST (P =0.021 <0.05) , 435
BN S. 2 5 3.4 5 (&1 3) .

1.00
0.90
0.80 - *
0.70
0.60
0.50
0.40
0.30

0.20
0.10 i
0.00

pGL3-Basic 2aP-355 2aP-674 2aP-1117
J& 31T Promoters

K3 BmSDH-2a AR 31 F BE TG

Fig. 3 Activities of promoter fragments of BmSDH-2a

LR BEAEXT I 1
Relative luiferase activity

in different lengths
2aP-355, 2aP-674, 2aP-1117 4 {3 77 BmSDH-2a 5] K fi
(355, 674 11 117 bp) KR 3T Bk, 2aP-355, 2aP-674, 2aP-
1117 mean the promoter fragments of BmSDH-2a in different lengths
(355, 674 and 1 117 bp) , respectively.

2.4 AEHEAAIEIN BnSDH-2a B Fid MR
A

B E (DH) [R5 E (JHA) A &2 R
(20E) R ATEMIG 3 RoOWKF 2216 3
BN E (Mizoguchi et al., 2001 ; Furuta et al.,
2013; Fadh, 2015) , MR 3 2N BmSDH-
2a JEEFHISEM, AT pCL-BmSDH-2aP-1117 ffi
K5 pRL-CMV (X ) FL4% 0L BmN 4i fifd, 5% 4% 4 ~
6 hJ , & A AN RV B R 1Y) A 5 7 R 4 i
FRIH FEYL 48 h S5 WA, KD Bh s . 45
R8s DH 78 0.1 ~ 100 ng/mL Z [&] %} BmSDH-2a
Ja it EAA — BT R BRREER AR
FLIEWR R F 100 ng/mL B} i B35 PR 4R REAE 4R
FAKCPA A I AR (B 4) s BEE THA W 12
Wt e Bl RIS PR R AIC, 43l Sk ke B2 Y
1.08,0.87, 0.78, 0.67, 0.71 F10.54 %, JHA ¥
J&4 10 000 ng/mlL B Ji 31 P A% o 2 I F % 1]
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(P =0.004 <0.01) (& 5) ;24 20E & H 0. 1
ng/mL i}, BmSDH-2a J& 8 TG VEFE AT, JE X IR A9
0.71 1%, B% 208 ¥ JE A9 T BmSDH-2a J& 3T
k% Wi T e, A TE O 100 ng/mlL B % 4 15 3]
B, O REALRY 176 ff, 2 T X RAL(P =
0.026 <0.05) , 7EWE 4 1 000 ng/mL i, i M T4

FEAR(E6) o
< 025
0.20
£ 0.15
0.10
2 0.05
0.00
0 0.1 1 10 100 1000 10000

R W (ng/mL)
Concentration of hormone
K4 W &R BnSDH-2a Ji 8l 7 YRR R0
Fig. 4 Effect of diapause hormone on the promoter

activity of BmSDH-2a

0.18 i
= 0.16 |
2 0.14
0.12
0.10
= 0.08
0.06
2 0.04
0.02
O 0.1 1 10 100 1000 10000

MR (ng/mL)

Concentration of hormone

K5 IRAIMEREMIXT BmSDH-2a J& 81115 TEH) 2 0

Fig. 5 Effect of juvenile hormone analogue on

=030

POLRBEAHXTIE
Relative luciferase activity

YR BRI 1
Relative luciferase activity

the promoter activity of BmSDH-2a

POLR BN

0 0.1 1 10 100
TFEIRE (ng/mL)

Concentration of hormone

1000 10000

B 6 Wi BE N BmSDH-2a J5 2 T-1% P By 54 i
Fig. 6 Effect of 20E on the promoter activity

of BmSDH-2a

3 e

MR o A — AR A AT B 2 R ARG I
P SRR ) S 2L, AT R o R Tk
30T T BmSDH TEH 1 (25°C) FRIR (17°C) fi75 4b
PR T 0 AR B AR IR R R I, Kk B
BmSDH-1 FEPH (1) 5% 55 K- Jo W 1 2% 55 1 BmSDH-
2a F1 BmSDH-2b JEHWAS[R] A1 a4 75 Ak BRI 2 A
FERITE G A 5 W56 3 R 4) Hu iy B S 70 i bk L 2H 21
(R SR AT W AR T TR A T AL B 7RIS 3 K
F14) BT SEL R 00 9k L v 20 Y S v T R AL 3L, TR 4
FE2 B bR — R v, A P N SR AR A R B
T RE Y L AL B A A0 e Ak R A K R R I R
Ji, 17 SDH 2 1L A B A S I 1 O BB, B2 75 X 2
IS R AR B A EE LR,

KT it — 400 BmSDH 3[R iy &% 36 MR, AR
524t BmSDH-1, BmSDH-2a 1 BmSDH-2b 3% [H iy
JA B FIGE AT 9 Mo 45 R KW, BnSDH-2a 1 J5
BFIEPEN P 5 T BnSDH-2b F1 BnSDH-1 , 53 5|
B BmSDH-2b 1 BmSDH-1 {#] 9.7 451 21 4%, i BH
BmSDH [1& 4 F 3% 0 BmSDH-2a 1 BmSDH-2b ,
X £ 5 Rubio 48 (2011) 7E4THH & 0y I rh A
KW ] BmSDH-1 ( >4 i} I 7 % 8 BmSDH-2a Fil
BmSDH-2b) £ 13I8 M 25 AR UE . Rtk — 2L
9% BmSDH-2a $:H )7 ) F 1 F 4, e AT1 %) BmSDH-
2a AN[A] SO B AR A 00 05 B 10 PR TR, & 3R
355 bp (1) 8h TG AR 2% F 674 bp Al 1 117 bp
KERSI+, a5l 2eiln 5. 2 /5 3.4 £, #R
£ 355 =674 bp & 674 — 1 117 bp X [AI 771 1 #
Tof, FATR X — X IR P FN AT 04T, kIR
P En( Engrailed ) TG, 1M I0A X6 5 g S5t 86 I R 7
SEIKAEAT I /E H (Smith and Jaynes, 1996 ) , 4]
En JTFAE BmSDH-2a ¥ 5% i B rhig S 9/ o

RN R T 2 2R EEE . MENE
B R DA M RS, DA
2 -3K, FZAM N DH F1 20K (1535 B # 2  TH i
iK% 10 000 ng/mL, 1M JH 7 5 2 AR I LA K Ak 0 91 1)
T B v, E A At B B AR Ak T A AIOK T (BB,
2015) . BTN AR NI R VR EE , X BmSDH-
2a JA BT IR S R JL (1 BN 41 fifg 3% 57
FRAS AN R Fh 2 RN B 0 3 2, DH MR EEAE 0. 1 ~
100 ng/mL AP, Ji& Sl A7 8 i 1 s i Ea 34, vk
JE = F 100 ng/mL B 5 2736 A BT REARIEAT e 45
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