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Bombyx mandarina

mAG, Bombyx mori

HC-mAG
GN7 GCS7 GN7x GCS7 GN7x
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12
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100 m

12

12



HC-mAG PCR

18mm 14mm

Hhd ZHE— O3
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500 m

30m

10m
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HC-mAG
HC-mAG, Bombyx mori
GN7 GCS7 GN7x GCS7 GN7x 511 GCS7x 604

HC-mAG
HC-mAG, Bombyx mori GN7 GCS7 GN7x GCS7 GN7x
GCS7x 604
604 511 [ 604 x 511 ]
GN7x GCS7 GN7x 511  GCS7x 604
x 511 ] GN7 GCS7 604
1 3
35
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1 4
3 4

11
3 5
1

2
mm
1 12

11
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5,000
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029-838-6005

2,100 m?

1.7m x 55m 93m2 x 3.6m
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145m x 55m 79m2 x 3.6m

5 6
4 mm
7
4 mm
12m x 3m 36 m? 22m 15m
8
75m x 16m 12 m? Im 2
9
2.7m x 1.8m 49m? x 2.3 m
3.3m 25m
4 40
cm x 60cm x 10cm
3 1.2 m
35m 0.8m 4
12
20m
1km
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11 km

7.3
6.9
10
https://www.data.jma.go.jp/fcd/yoho/typhoon/statistics/accession/kanto_koshin.html
1 10
300 km
8 10 11 12

2021 1 1 1 1 4
2020 1 1 2
2019 1 1 1 4
2018 1 2 2 1 6
2017 1 1 1 2 5
2016 4 1 1 6
2015 1 1
2014 1 1 2 4
2013 1 2 3
2012 1 1 2
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HC-mAG
mori GN7 GCS7 GN7x GCS7 GN7x

1-4
1-4

1-4

x 60cm x 10cm
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511
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604

HC-mAG, Bombyx

40 cm
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30 20
60 24
1 2
1
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4 mm
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Bombyx mori (Linnaeus)

Bombyx mandarina (Moore)

, 1998;
, 2001; 2013;
2
, 1998
5 11
1 2 2 3
1
, 1958;
3
4 3 3 4
, 1950;
1982
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10

1936
, 2019
2
500 1 10
1
250 300 :
1936; , 1939b; ,
2019
Bombyx Bombyx mandarina
, 1998
, 1998; Yukuhiro et al., 2002
2n =56 2n=54
, 1998
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30

1998

, 1998;
2
, 1936; , 1950
7
1958 20m
280m 6 8 11 12 3
1,000m 7 9 10 2
2 3 3
Nosema bombycis
1941 1.4% 216 3 1942 0% 156 0
, 1950
2n =56 2n=54
al., 1999; Kawanishi et al., 2008
1.2 1.3mm 1mm
, 1936; , 1950; ,1998 1
3 2 3 , 1958; 3
,1950 1 2
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, 2001;

10

, 1998; Nakamura et

20

, 1996

30

2013;

, 1998
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, 1939a;

Sasaki and Jibiki, 1984

, 2010

11

, 1936; , 1950 3
, 1950; , 1982
5 , 1936;
2
, 1936; , 1950
20 1 100
, 1950
, 1998
12
1 2
, 1936; , 1950

, 1936; , 1950

, 1998
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2
, 1995
21
, 1936
5
, 1958; 3
, 1950

Kuwahara, 1984
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35

Kuwahara et al., 1984; Daimon

etal., 2012
Sasaki and Jibiki, 1984; Kuwahara,
1984
1936; , 1939b
1 10 1
250 300 , 1936; , 1950
, 1950
, 1999 1
, 1950
4 2 , 19393; , 1950
80% , 1950
10
, 1950
, 1936
90% , 1950
, 1936

Daimon T., Fujii T., Fujii T., Yokoyama T., Katsuma S., Shinoda T., Shimada T. and Ishikawa Y. (2012)
Reinvestigation of the sex pheromone of the wild silkmoth Bombyx mandarina: the effects of
bombykal and bombykol acetate. J. Chem. Ecol., 38, 1031-1035.

Kawanishi Y., Banno Y., Fujimoto H., Nho S. K., Tu Z., Mita K., Tsuchida K., Takada N., Maekawa
H., and Nakajima Y. (2008) Method for rapid distinction of Bombyx mandarina (Japan) from B.
mandarina (China) based on rDNA sequence differences. J. Insect Biotechnol. Sericol. 77, 79-85.

Kuwahara Y. (1984) Flight time of Bombyx mandarina males to a pheromone trap baited with
bombykol. Appl. Entomol. Zool., 19, 400-401.

Kuwahara Y., Mori N., Yamada S., and Nemoto T. (1984) Evaluation of bombykol as the sex
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35

pheromone of Bombyx mandarina (Lepidoptera: Bombycidae). Appl. Entomol. Zool. 19, 265-267.

Nakamura T., Banno Y., Nakada T., Nho S. K., Xii M. K., Ueda K., Kawarabata T., Kawaguchi Y., and
Koga K. (1999) Geographic dimorphism of the wild silkworm, Bombyx mandarina, in the
chromosome number and the occurrence of a retroposon-like insertion in the arylphorin gene.
Genome, 42, 1117-1120.

Sasaki M. and Jibiki F. (1984) Timing of the sexual behavior of wild and domestic silk moths. Appl.
Entomol. Zool., 20, 99-101.

Yukuhiro K., Sezutsu H., Itoh M., Shimizu K., and Banno Y. (2002) Significant levels of sequence
divergence and gene rearrangement have occurred between the mitochondrial genome of the wild
mulberry silkmoth, Bombyx mandarina, and its close relative, the domesticated silkmoth, Bombyx
mori. Mol. Biol. Evol., 19, 1385-2389.

1939a
396, 115-123.
19390 397, 201-202.
1950 13, 79-130.
2013 2011 10
32,17-22.
1998 A) (2)
07406004
1996
27, 31.
1999
68, 165-166.
1936 40, 2-5.
1982 51, 237-238.
1958
14, 9.
2001 2000 6
20, 49-54.
2010
79, 53-59.
1995
2019 88,25 38.
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, 1929
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, 1929
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, 1929
, 1929
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, 1929
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447 ,100-102.
1929
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5 Kdémoto et al., 2016
coxl
10
26 27
1mg 25
15 12 24 26 26 12 23 27
12 14 1
20 1
2
1 26
A 99 5 10
B 57 5 10
C 24 5 10
D 60 5 10
E 7 5 6
25

101

25



5

10

Al A 25 27
A2 A 25 26 Al 2 km
A3 A 25 26 A2 400 m
B B 26 27
C C 26 27
D D 26 27 D
E E 26 27
DNA PCR
coxl
Ssp |
PCR
25 27 PCR 3,750
3
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25 26 27
Al 75 253 188
A2 119 542 —
A3 128 814 —
B — 187 179
C — 168 111
D — 226 112
E — 426 222

Koémoto N., Kuwabara N., and Yukuhiro K. (2016) Absence of hybrids between the domesticated
silkmoth, Bombyx mori, and the wild mulberry silkmoth, B. mandarina, in natural populations

around sericulture farms. J. Insect Biotechnol. Sericol., 85, 67-71.
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5
145 x 140
1 3 250
1 2
10
1
3
52m
3.2m
10 m
7.6m
15 2
5 1 1
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2008

2012
5
10 1927
15

Fs

1929

1939

1939

Fa

105

, 21, 59-64.

, 394, 71-82.
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2m
137 x 146
20 1
2014 5 3 150 7
23
2015 6 3 626 2015 8 3 2,338
2m
19 21
5
7

Koémoto N., Kuwabara N., and Yukuhiro K. (2016) Absence of hybrids between the domesticated
silkmoth, Bombyx mori, and the wild mulberry silkmoth, B. mandarina, in natural populations

around sericulture farms. J. Insect Biotechnol. Sericol., 85, 67-71.
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12

GN7g GCS7s 5
5 05pg KOD-plus 30 PCR

PCR PCR 50 pl 5pl %

10 pig-TP4868U25: 5°-TATATCCCAAACAAGCCAAGTAAGT-3’
pig-TP5394L.23: 5’-CCACCTATTCGTCTTCCTACTGC-3’

1 piggyBac
550bp
DNAO0S p g

M12 34567 8910111213 M

(bp)
2,000 —

650 —

500 —

300 —
20

M

1 DNA 4ng DNA 0.5 pg 700

2 DNA 40 pg 7

3 DNA 0.4 pg 0.07
25 4 DNA  4x10%pg 7x10*

5 DNA  4x10%pg 7x10°

6-9 GN7 DNA 0.5pg

10-13 GCS7 DNA 0.5 ug

110

DNA

PCR
0.4 pg
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15

13

Sal |
N+

Star

PCR

PCR

GNT710

0.8%

GN712

691 bp

GCS710

AlkPhos Direct Kit GE

111

GCS712 [GN7x GCST7]12
DNA
DNA 2p g

Rarm-5: 5’-TGTTTTATCGGTCTGTATATCGAGG-3’
Rarm-3: 5’-GGTGGCCTATGGCATTATTGTACGG-3’

EcoRI
Hybond-
piggyBac

CDP-



[ 604 x 511 ] GN710

4 GN71 GN71 4
GCST71o 4 1 2
5 GCST71 GCST10 4 [GN7x GCS7]1
8
GN7,, GOST:, GN7,, GCS7;
(kb) (kb)
12.0— g 20— -

50— & e o o o o

50— o= s o o o
ab -
o mmmmss .o— BEEBEES
1.0~ 10—
[GN7 X GCS7],, [H6045 x $15115],,
(kb)
12.0—

5.0— SRER SN O 0 0
sESSSS

- -
20— ¥

3.0—

1.0—

10
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5 13 GN71o GCS710 inverse PCR
inverse PCR PCR
10 KAIKODbasever.3.2.2  https://sgp.dna.affrc.go.jp/KAIKObase/ BLAST
inverse PCR PCR

GN7,  GCST7io

GCS7,9 4 1
15
N~
~ O
Zz 0O
O O
chr6:1656800-1656399
# < chr13:1232931-1233353
s —chr20:2385312-2384913
chr24:7895214-7895936 — w=
chr2:8472784-8472980 — W=
chr13:10668392-10668067 — g
chr13:11972024-11972423 — ™.
- — X
20
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15

GN711  GCS7u [GN7x GCS7]u

604 x 511 ] 3 5
RT-PCR HC-mAG 1 pug RNA
AMV Reverse Transcriptase XL cDNA
1 Ex TaqHS PCR
6 RT-PCR

PCR

bp

KS446: 5’-CGCTCTGCAGTATGTCGCTTATA-3’
KS447: 5’-GCGGACGTTACGACGAGAATAGT-3’

10 p | 3pl 2%

RT-PCR rp49
NM_001098282 PCR rp49

ks13: 5’-GGATCGCTATGACAAACTTAAGAGGA-3’
ks12: 5’-TGCTGGGCTCTTTCCACGA-3’

3 1228 bp
PCR
rp49

114

RNA

20

HC-mAG
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47 GN7, GCS7,, @ \% P

HC-mAG

500

300 —
200 —

100~
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15

16

1 4 5
10
GN713 604
GCS713 511
[GN7x GCS7]13 [ 604 x 511 ]
40 1
12
2 10 1
20
3
40
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HRIKE (g) HRIKE (g) HRIKE (g) HRIKE (g)

MHBAE(g)

250
200
150
100

50

1000
800
600
400
200

P <0.01

H

P=05

I

H

P=0.58

H

P=0.14

P=0.013

HH

P=0.31

H

P

0.14

—H

P <0.01

-

P=0.81

H

71 P=063

1
-

P <0.01

HH

P =0.042

H

7 P<0.01

H6045

P <0.01

P <0.01
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P <0.01

4+
-+

P <0.01

100
5 3 45
1
10
GN714 604
GCS714 511
[GN7x GCS7]14 [ 604 x 511 ]
10
t
15
7]_;"\ }{x
3.0 - . i
= p<po{ |P=016 P=0.11
w 20 4P=031 P=0.14 |
B 1.0 - 1
i
0.0 - i
0.6 1 P<0.01 -
o0 P<0.01 P<0.01 P<001 P<0.01
~ 0.4 - i
e
B Q.2 - i
=
0.0 - i
S Lk LBk Sk 5o
0 g Q -~ Q E O o O —
© O w (0] 7 b O 5
| 5 % < o 7
E e
O <
o
[{e]
m
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5
10
GN714 604
GCS714 511
[GN7x GCS7]14 [ 604 x 511 ]
10
%
GN7 2,457 221 135 2,101 94.0 P<0.01
604 2,895 98 143 4,654 94.9
GCS7 2,306 166 107 2,033 95.0 P <0.01
511 2,684 199 173 2,312 93.0
GN7x GCS7 2,590 229 125 2,236 94.7 P<0.01
604 x 511 3,223 111 116 2,996 96.3
15
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100

10

604
511

GN714

GCS714

604 x 511 ]

[

[GN7x GCS7]ia

10

15

AR

TR

=19t x E¥09H
LSOO X /NO

1S
LS209

=¥09H
LNO

=15th x E¥09H
LSO9D X IND

=ligh
LSOO

=¥09H
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20

100
5 3 4 5
10
GN714 604
GCS714 511

[GN7x GCST7]14

[

604 x 511 ]

10

%

GN7 100 79 79 P<0.01

604 100 98 98
GCS7 100 88 88 P =0.65

511 100 90 90
GN7x GCS7 100 93 93 P=0.11

604 x 511 100 86 86
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10 cm
5 30
5
2 10cm
60
6
10
GN714 604
GCS714 511
[GN7x GCST7]14 [ 604 x 511 ]
1cm
15 Mann-Whitney U
-8 mGN7
\/9' OBH604
0.4 4
02 | ‘VI:I'V'I:L!'l:Lr'.:LF‘ELFﬂ'!—'!&r_F‘!
0.0 - P =0.27
967 BGCS7
& o511
0.4 4
0.2 -
0.0 - T T T 1 P=0.25
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BGN7xGCS7
O H604xsh511

8
9~10
10~

(cm)
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P=0.85



2 1cm
Mann-Whitney U
’“08- BGN7
%
~—0.6 - O BH3604
0.4 1
0.2 1
0.0 -
081 mGCS7
%
~— 0.6 - o511
0.4 1
0.2 -
0.0 1
?0-8 7 BGN7xGCS7
206 - 0 B 604x511
0.4 1
0.2 1
0.0 - = o, 0= e,
’ - N ® F L © ~ ©o O O
l t l l ! s Iy l ! ? o
o — (4] [ap] < o] (o] P~ [s 0] & —
(cm)

124

P<0.01

P=0.17
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22 5

5 2 18 cm 1
5
10
GN713 604
GCS713 511
[GN7x GCST7]i3 [ 604 x 511 ]
10 2cm
Mann-Whitney U
%12 7 BGN7
Z g OH604
6 -
3 -
U P =0.09
%12 7 mGCS7
Z g o511
6 -
N 1
0 - 1 1 T 1 1 P = 008
121 BGN7xGCS7
By 0 B604xh511
6 -
3 .
0 .
Q‘ﬁ, q{) b‘/‘b c{‘b S H.{L Do D
@ O O N oem)
P =0.09
15
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18cm
5 24
10
GN713 (22) 604 (22)
GCS713 (20) 511 (24)
[GN7x GCS7]13 (20) [ 604 x 511 ] (20)
10
GN7i3 2 604 1 511 3 100
1
t
15
800 P =033
P< 0.01 P=0.16 ]
= i |
B 600 } ] |
400 - 1
\E‘\
4
200 A
0 .
S o w »
o 3 O = O
© (U] Yo) (U]
o H X
M~
=
O
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18cm
5 24 1
10
GN713 (22) 604 (22)
GCS713 (20) 511 (24)
[GN7x GCS7]13 (20) [ 604 x 511 ] (20
10
GN713 2 604 1 511 3 100
Mann-Whitney U P<0.01
15
04 1 mGN7
03 - 0 5604
0.2
0.1 -
0 -
041 BGCS7
0.3 - o511
0.2 -
0.1 -
0 A
04 1 BGN7xGCS7
0.3 - 0 B 604x51511
0.2 -
0.1 -
0
™ H
Qeq’ o qf% . H'\Q@ H\‘V@H\ R \b\%{fm)
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5 1%

5 7.5 cm 100 g 1

20 5 20

7 2

10
10

GN713 604

GCS713 511

[GN7x GCS7]13 [ 604 x 511 ]
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1%

5 5mil 25 549
45 ml 102 1068
102 103 104 200 p | 9 cm
25 4 104 105 108
200 p | 9 cm PTYG 25 4
10 10
GN713 604
GCS713 511
[GN7x GCST7]13 [ 604 x 511
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|
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15,000

20

12

14 mm
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30 40 mm
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2010

30

30

430
1958

10 14

4 mm

25 15
30
15,000 20
7
30
95% 23 240 15
23 288 15 504
35
1947 1953
5 18 1954
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88.

1954

1954

3, 1-6.

11 1952 1954
5 24
6 15
8, 10-
1954
8, 3-9.
23, 83-
2010
79, 53-59.
1958
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